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Preface 3 

Preface 

The research described in this master thesis was done in order to achieve the degree Master of 

Science at the Eindhoven University of Technology, sub department Human Technology 

Interaction (HTI). The aim of the master program HTI is to look at technology from the 

perspective of people who use this technology, and not from the perspective of scientist and 

engineers. Therefore, an important part of this program is its psychological component. This 

component also returns in the ma')ter thesis where empirical psychological research in the 

light of technology and technological innovations, is required. 

For this master thesis I decided to think up my own research, because I wanted to study 

something that was not studied before. Because research on fusion was, until now, mainly 

focused on the physical and financial components, and not on the psychological component, 

this seemed to be a perfect area. Besides, fusion had already drawn my interest during an in

depth fusion course. 

To do research in this area, the FOM-Institute for Plasma Physics Rijnhuizen was contacted, 

which is the Dutch home-base for fusion research. They were very helpful during this 

research process with regard to the technical aspects described in this report and also with 

information that was used within the experiment. I especially want to thank Mark Tiele 

Westra for his time and useful comments. However, the largest part of this research was based 

on psychology and most time was spent on creating a specific research question, creating the 

experiment and analyzing the results. This was done at the Eindhoven University of 

Technology and the funding for the experiment was also provided by this University. I want 

to thank Cees Midden for the chance of creating and carrying out my own research and his 

support during the process. In addition I would like to thank Jaap Ham for his comment, his 

help with the research method and his input during the analysis phase. 

It has been enjoyable and challenging to perform the research and to write this report. 

Therefore, I hope that the reader will also enjoy reading this master thesis and that this report 

will shine some light on the complexity of the acceptance of fusion. 
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Abstract 7 

Abstract 

In this study the acceptance of fusion is studied. Fusion is a technology that could provide us 

with all the energy we need in the future, however it has not been developed yet and will not 

be introduced commercially for another fifty years. Acceptance of this technology, at the 

present and in the future, will play a large role in the development of fusion. Many variables 

influence acceptance, like experience and knowledge. On the other hand, fusion is anew, for 

many people unknown technology for which no, or at most weak attitudes have been formed. 

In this case, attitudes and associations toward fusion, or nuclear fusion as it is often called, 

can be derived from related technologies (when the term nuclear fusion is used, a linked 

technology is nuclear fission). Attitudes toward fusion are hypothesized to be negatively 

influence be this relation. Furthermore the context in which fusion is placed is also 

hypothesized to influence attitudes toward fusion. In the experiment, semantics (nuclear 

fusion vs. fusion energy) and context (nuclear fission vs. electricity vs. solar power) are 

manipulated and the hypotheses are assed by implicit and explicit measures. Results on the 

implicit level indicate a positive relation on the semantic manipulation and results on the 

explicit level indicate a negative relation on both context and semantic manipulations. Overall 

attitudes toward fusion were positive. Implications of these results are discussed and 

recommendations for further research and use of these results are given. 
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Chapter 1 Introduction 

In today's western world, energy is everywhere around us. We use energy to drive our cars, to 

heat the water in our showers, to recharge our mobile phones and for an innumerable amount 

of other purposes. Industry also uses energy to produce products, and transporting all these 

products would be difficult without the existence of energy. Without energy we would not 

have the same life we have at the moment. Energy has become part of our lives and we find it 

normal to have and to use energy whenever and wherever we want. 

Since the beginning of the eighteenth century, fossil fuels have been used to produce the 

energy we need (e.g. electricity; burning coals in a power plant, and movement; burning 

petrol in a car engine). However, since a few decades society has realized that there are 

several downsides of using fossil fuels (e.g. see Gardner & Stern, 2002, pages 8 - 16). First of 

all these fossil fuels are not available everywhere. When the countries that do posses these 

fuels cease to export them, energy production stops. Second, recourse supplies on earth, like 

oil and natural gas, are decreasing quickly and some people believe that in fifty years the 

earth possesses no extractable fuels anymore. Third, this process is even accelerated by the 

worlds growing energy demand (caused by a population growth where the population doubles 

every fifty years and the development of countries like China). Fourth, maybe even the most 

severe downside of all is the impact of using fossil fuels on the environment. The exhaust gas 

of burnt fossil fuel contains greenhouse gasses like CO2 which causes a change a change of 

the present climate; the temperature increases which, in short term, can cause an increase of 

the present sea level, extinction of certain species, destruction of ecosystems and increased 

health risk for humans (lPCC, 2007). 

In other words, society has to find new ways to produce the energy it needs. Therefore, 

research is done with regard to the development and implementation of other solutions like 

solar power, hydro power, wind power, nuclear fission or energy from biomass. Another 

technology is fusion, which is less known than the other technologies mentioned (because it is 

still in its initial research phase and has not been used to produce any energy yet). In the 

future, fusion has the potential to provide us with energy for millions of years. In this research 

an attempt is made to investigate factors that might influence the way in which fusion will be 

perceived by the general public once the technology gets implemented. A new technology is 

not always accepted by society based on scientific evidence. While scientist can judge a 

product to be safe or not dangerous, the public can be skeptical (Schulte, Hart, & van der 
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Vorst, 2004). Examples of this are 'energy from biomass' (van den Hoogen, 2007) and 'gene 

technology' (Siegrist, 2000). When this happens, when a technology is not accepted by 

society, implementation of that technology becomes difficult (e.g. van Alphen, Voorst, 

Hekkert, & Smits, 2007; Schulte et al., 2004) 

There are several reasons why fusion might not be accepted by the public. First of all, a new 

complex technology is often hard to understand for laymen and available information might 

be scarce or one-sided, which makes it difficult for them to balance risk and benefits in order 

to create their own judgments (Huijts, Midden, & Meijnders, 2007). Second of all, when 

people are uncertain of the risk of a technology, they try to relate the known risk of a better 

known, associated technology to this unknown technology (Visschers, 2007). Besides, 

associations about a technology can also be created by the context in which the technology is 

placed. In this research it is suspected that the risks and attitudes regarding nuclear fission 

could be related to fusion (which is often called 'nuclear fusion'). Although attitudes toward 

fission seem to be improving lately, people still associate fission with certain risks and 

dangers (Sklyar, Smith, Stedman II, Burnham, & Liang, 2006). Think of what happened in 

Chernobyl, the waste that is produced, and weapons that can be made using nuclear 

technology. Even though fusion might not have anything to do with this, the potential link 

between nuclear fusion and nuclear fission might transfer negative feelings to fusion 

regardless of the properties of fusion. This could have negative effects on the development 

and implementation of fusion. 

This report describes an experiment in which the effects on the public of the potential link 

between judgments of fusion and fission are investigated, as well as the effect of the context 

in which the technology is placed. In chapter four the precise hypotheses are given based on 

the literature review described in chapter three. This is followed by a description of the 

experiment in chapter five. In chapter six the reader can find the statistical results of the study, 

which are discussed in chapter seven. Finally, chapter eight describes the main fmdings of this 

research, and direCtions for future research are provided. But to provide the reader with the 

possibility to make a judgment about fusion him/herself, this report begins with the basics, the 

possibilities, the risks and the development path of fusion. 
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Chapter 2 Fusion 

Already in the 1950' s, research regarding fusion was taken up in several countries and it will 

take another fifty years before fusion energy can be used commercially. It has been, and still 

is, a very difficult challenge for physicists (McCracken & Stott, 2005). In this chapter an 

attempt is made to provide a general overview of fusion, including the general concept, the 

development path, risks involved, potency and different view by different actors. Based on 

this overview the layman reader might get a feeling of what the concept of fusion contains. 

2.1 Technical description 

First the physical basics are explained to get an idea about the complexity of the technology. 

It was attempted to make this explanation as simple and compact as possible, for further 

information see the website www.efda.org. 

Fusion is a process in which two atoms fuse together, resulting in the release of a large 

amount of energy. Fusion is the energy source of the sun and the stars, and is therefore the 
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Figure 2-1: Fusion reactor (Westra, 2(05) 
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most common energy source in the universe. To use the fusion process on Earth, researchers 

investigate how to build a fusion reactor. An example of such a fusion reactor is shown in 

figure 2-1 . An important part of a fusion reactor is a vessel in the shape of a car tire. Within 

this vessel a gas is heated up to a temperature of 150 million degrees, ten times as hot as the 

core of the sun. At these temperatures the atoms move very fast and are able to fuse together 

on impact. The heat that is released by this process is used to create steam, which in tum 

drives a steam turbine. 

The fuels that can be used for the fusion process on Earth are deuterium and tritium, two 

isotopes of hydrogen. Deuterium has one additional neutron within its core, and it is available 

within normal seawater. Every cubic meter of seawater contains 33 grams of deuterium. 

Tritium is a radioactive material which contains two additional neutrons and has a half-life of 

12,3 years. Therefore it does not exist within the environment. Tritium is made from lithium 

which is placed within the fusion reactor. Lithium is a common material. Within the fusion 

process, the fusion reaction between one deuterium nucleus and one tritium nucleus, results in 

a helium core, a single neutron and a lot of energy. Just to get an idea about the amount of 

energy within fusion fuel , the deuterium from one liter of seawater, combined with the same 

amount of tritium, contains as much energy as 340 liters of gasoline. Therefore, a typical 

energy production plant of 1 000 MW would on1y need 250 kg of fuel per year. 

It is not easy to create fusion on Earth. As mentioned before, fusion fuel has to be heated to 

very high temperatures. At these high temperatures, the fusion fuel becomes completely 

ionized, meaning that the electrons become separated from the nuclei, resulting in a gas of 

charged particles called plasma (figure 2-1). No material on Earth can handle such high 

temperatures, which means that the wall of the vessel needs to be much colder than the 

plasma. This adds a new problem, because when the plasma touches the wall of the vessel it 

cools down too much. To resolve this problem, superconducting magnets are placed (see 

figure 2-1). These magnets create a magnet field that guides the plasma and keeps it in place. 

At this point in time, fusion has not yet been proven to be able to break even. In other words, 

scientists have not yet succeeded in producing the same amount of energy (or more) than the 

amount of energy that is needed to run the process. The main reason for this is the small size 

of the current reactors (according to scientific findings it is hypothesized that bigger reactors 

are needed to go beyond the break even point). In the next paragraph a more e1aborated 

description of the development path of fusion is given. 
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2.2 Development path 

In the early twentieth century researchers already discovered the existence of fusion, and 

already in the 1950s, research regarding producing fusion energy on Earth was started in 

several countries. From the1960s and onward, different reactors were built which differed in 

size. The biggest reactor built until now is JET (Joint European Torus, near Oxford in Great 

Britain). Although the size of the reactor determines the energy efficiency of the reactor for a 

large part, even JET has not reached the point in which the energy output is larger than the 

energy input. This means that even bigger reactors have to be built to prove that the fusion 

process really can produce energy. 

The development of fusion will be accomplished in three steps. The first step, proving that 

fusion is scientifically feasible, is already accomplished by the results of JET and two other 

similar reactors (American TFTR and the Japanese JT-60). These fusion reactors proved that, 

in theory, large-scale fusion reactors should be able to produce energy (i.e. more generated 

energy than the amount of energy needed to run the process). Besides these three fusion 

reactors, which are the biggest reactors yet, several other test reactors have been built. The 

reactor that lies closest to Eindhoven is built in Julich (close to Aken in Germany) and it only 

takes an hour to drive there by car. 

The second step of the development of fusion is to show that fusion is also technically 

feasible. This has not been done yet, but the fusion reactor that is believed to do this is 

planned to start operating in 2018. The design process for this reactor already started in the 

late 1980s, but the development process was delayed because at the end of last century oil 

was cheap and funding was kept back. Finally after a lot of effort, the reactor (named ITER) 

is going to be built in the south of France (Cadarache) as a joint project of Europe, India, 

Japan, Russia, US, China and South Korea. ITER is twice as big as JET, and is expected to 

produce ten times as much energy as the amount of energy that is used for the process. When 

this succeeds, or even when the reactor produces twice the input of energy, technical 

feasibility as wen as scientific feasibility have been demonstrated. 

The third and final step will be to build a demonstration plant (DEMO) which will have to 

prove that fusion energy is commercially feasible. According to the present timeline, DEMO 

will be ready to start operating in 2035. DEMO, in its tum, will be slightly bigger than ITER 

(20 percent) and whenever this test reactor has proven that fusion is commercially feasible, 

actual production units can be built. According to the timeline, commercial exploitation and 

large scale generation of fusion-power can be realized around 205012060. 
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It is tried to stay on this timeline as much as possible. However, as with ITER, the processes 

of building DEMO can also be slowed down. Examples can be that funding might be kept 

back, NGO's might operate against fusion or society might reject fusion (like fission). This 

means that it might take an even longer time before fusion energy can be produced 

commercially. On the other hand, development can also be speeded up if society realized that 

it will need fusion in the future and more funding is provided to develop the technology 

faster. 

2.3 Benefits and potency 

The three main problems regarding energy use that were mentioned in the introduction of this 

report (global warming, resource depletion and population growth), can be partially solved by 

using fusion energy. First of all, during the fusion process no greenhouse gasses are released. 

Where CO2 is a byproduct of burning fossil fuels, helium is a byproduct of the fusion process. 

Besides hydrogen, the element helium is the most common matter in the universe and does 

not, as far as we know, pose any danger to the environment (Wikipedia, 2008). Furthermore, 

compared to the helium emission of a coal plant, the helium emission of a fusion plant is 

much smaller (about a million times less). Second, the ground materials for the process are 

abundantly available. As mentioned before, the seas in the world contain enough deuterium to 

provide us with energy for millions of years. This opposed to oil and natural gas, which is 

running out. There is also no limitation to the amount of energy that can be produced. 

Therefore the increase of the population and the increase of energy used in countries that are 

developing, can be taken care of. Furthermore there is almost no transport of materials. Where 

a coal-fired power plant with a capacity of 1000 MW might consume several shiploads of 

coal (around 2,7 million tons) per year, a fusion plant of the same size consumes only 250 

kilograms of fuel every year. The size of 1000 MW is at the same time expected to be the 

most efficient fusion plant size. Another benefit of fusion, compared to nuclear fission, is that 

there occurs no chain reaction during the process. When the fuel supply is cut of, the fusion 

reaction stops. This makes the process inherently safe (a process with a low level of danger 

even when things go wrong, compared a processes which have protective systems to control 

for high degrees of danger). 

2.4 Risks and drawbacks 

There are a lot of advantages of fusion, but there are also several risks involved in the fusion 

process which have to be controlled. Besides, as a new technology, fusion could cause new 
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unknown problems. The risks concerning fusion are described below, based on an EFDA 

report (Maisonnier et aI., 2005). 

Although the fusion process does not produce any nuclear waste, the inside of the reactor 

vessel becomes radioactive, caused by the neutrons that are emitted during the process. At the 

end of the lifespan of the reactor the parts have to be stored in a low level nuclear waste 

facility for 50 100 years, after which the material can be re-used or stored as normal waste. 

We all know that radioactivity is dangerous. Radiation is measured in the unit 'sievert'. 

According to the law in most countries, the maximum amount of radiation the public can be 

exposed to before evacuation is considered, is 50 millisievert (mSv). The maximum amount 

of radiation the public can get exposed to when the most severe accident occurs is 18 mSv. In 

case of a severe accident, also a few grams of tritium could be released. However, this amount 

is below the evacuation criterion. In the worst case scenario, in the case of an external event 

like sabotage or an earthquake, the maximum dose to a member of the public in a small area 

close to the plant could be 400 mSv (Parliamentarty Office of Science and Technology, 

2003), however more research needs to be done regarding this. To prevent the emission of 

any radiation, fusion power plants will be designed to withstand the most severe earthquakes 

ever occurred plus a safety margin. 

One could argue that the temperatures which are reached during the fusion reaction could 

pose a certain danger. However, the fusion process is not a chain reaction, so it is impossible 

that the reaction runs out of control. If anything happens, such as the plasma touching the 

wall, the plasma will simply cool down below the fusion temperature and the fusion process 

will stop. This also happens if the magnetic field that contains the hot plasma somehow would 

fail. However, even if the fusion process stops, there is a secondary source of heat in the 

reactor, which is the decay heat of the wall materials which has been activated by the fusion 

reactions. In case of a fission power plant, this decay heat has the potential to melt the core 

but in the case of a fusion power plant, it has been shown that this excess heat cannot lead to 

any melting. 

By means of fusion technology, advanced nuclear bombs (the fusion bomb) could be created. 

However, to make a fusion bomb the most important ingredient is an atomic bomb to ignite 

the fusion fuel. Besides, making this bomb is extremely difficult and this is not pursued by 

countries which have a nuclear program. Furthermore it is suspected that it is useless and 

unreachable for e.g. 'rogue' states (Parliamentarty Office of Science and Technology, 2003) 

who will probably just use the relatively simple main ingredient of the fusion bomb which is 

the atomic bomb. 
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Fusion is an expensive technology that has high investment costs, but once a fusion reactor 

has been built, the process is fairly cheap. However, it is uncertain whether fusion will be 

competitive with other energy sources like wind-energy and solar-power. Some argue that the 

price per kilowatt-hour will be competitive (McCracken & Stott, 2005), others question this 

notion and argue that it will depend on many factors like regulations and technological 

advances (Parliamentarty Office of Science and Technology, 2003). In addition to this, fusion 

might be of limited use to developing countries, because of its high investment costs, needed 

skill base and need of advanced infrastructure. 

In sum, there are several issues that need to be controlled in order to introduce the technology 

commercially, but there are also many promising a..<;pects. Fusion is inherently safe and does 

not pose any harm to the environment. On the other hand, fusion is expensive in this initial 

phase while it has not been proven to work at all. Therefore, some people promote fusion 

while others do not. The next paragraph discusses several actors and their opinions 

concerning the implementation of fusion energy. 

2.5 Actors 

To get a feeling about the actors who will playa role in the acceptance of fusion, the involved 

actors and their opinions are discussed here in short. 

First of all there is the scientific community researching the fundamentals of fusion. They are 

trying to develop fusion as fast as possible and to inform the public as much as possible about 

the possibilities of fusion. In Europe, research regarding fusion is coordinated by the EFDA 

(European Fusion Development Agreement) and Fusion for Energy, which coordinate the 

European contribution to ITER, fusion research and it exploits JET. In the Netherlands, 

research fusion research is done by the FOM-Institute for Plasma Physics in Rijnhuizen. 

A large amount of funding for fusion research is provided by the European Commission 

(40%), which is therefore also a great actor in the development of fusion. Individual countries 

provide the remaining 60% of the funding. Reasons for Europe (and individual countries) to 

invest in fusion are the abundant and widespread fuel resources, the inherent safety aspects, 

and the environmental friendliness of fusion (European Commission, 2008). On the other 

side, there are non-governmental organizations who protest against this investment. 

Greenpeace for example predicts that fusion research will not lead to anything and that fusion 

investments should be used for development of wind energy or solar power, which is 

available at the present moment (Greenpeace, 2005). Others argue that both area's deserve 
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attention and that supporting both fusion and renewable energy sources is a good two-way bet 

for the future (Sharp, 2007). 

As the reader might notice, there is no real agreement about the development of fusion, but 

there is also not a real fight. There have been several objections, but the build of ITER will 

continue and when ITER is built, testing will also start. Results of ITER will probably provide 

new arguments for or against fusion. At the stadium where fusion has been proven to be 

commercially feasible eventually, the public will accept fusion or not. This decision will be 

partly based on perceived danger, perceived benefits, trust in organizations and on associated 

technologies. The next chapter will elaborate on this social acceptance. 
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Chapter 3 Psychological Theoretical Framework 

In this chapter the social psychological aspects of technology and acceptance of this 

technology are discussed. An overview of literature in the area is stated and a framework is 

provided in which the research will be executed. 

3.1 Acceptance of Fusion 

In the introduction it was already mentioned that a new technology might sometimes not be 

accepted. A lack of social acceptance means that introducing that new technology into society 

might be complicated. Examples of technologies that have experienced these problems are 

nuclear energy (fission) and also more recent technologies like energy from biomass (van den 

Hoogen, 2007) and gene technology (Siegrist, 2000). Where scientist might perceive a 

technology as being extremely safe and valuable, society might be skeptical (Schulte et aI., 

2004). Because of this discrepancy between scientists and the public, it is difficult to 

determine whether a technology will be socially accepted. However, not only theoretical 

specifications seem to determine public opinions, also historical occurrences and stakeholder 

opinions determine the views ofthe public (Schulte et aI., 2004). 

Besides opinion research by the European Fusion Development Agreement (EFDA) and a 

general Euro Barometer regarding energy technologies (European Commission, 2007), no 

research regarding the social acceptance of fusion was found. According to focus group 

research in the area of Cadarache (Chayapathi & Laes, 2007), people do not seem to have 

negative but relatively positive attitudes toward fusion. On the other hand, according to the 

same research, the public seemed to have limited awareness, a significant lack of knowledge 

and fusion was perceived as being a research project and not as being a potential new energy 

source. Because fusion power is still far away from commercial implementation, it is 

impossible to make predictions concerning future acceptance. As Chayapathi and Laes (2007) 

put it, there is even no " .... guarantee for a continued support throughout all stages of ITER 

construction and operation." (p88). Acceptance of fusion in the present might indicate 

acceptance in the future, but it does not guarantee anything because of future campaigns, 

public debate, economical problems, an energy crisis, or for any other reason. 
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According to the arguments above, future occurrences can influence attitudes toward fusion. 

Attitudes can become more positive towards fusion, think of future attention towards climate 

change or of a possible energy crisis, but attitudes can also become more negative. One can 

think of incidents around fusion, pronounced stakeholder opinions, media attention and so on. 

Chayapathi and Laes (2007) therefore argue that the decision-making processes regarding 

fusion should occur transparent, public engagement should be pursued and furthermore that a 

communication strategy should be developed. This should fortify public trust and credibility. 

In the case of nuclear fission this did not happen and finally professional actors were 

mistrusted and public attitudes turned negative. A proper communication strategy should 

prevent this, if it ever comes that far. 

A part of the content of this communication strategy is also advised by Chayapathi & Laes 

(2007), who suggest that the acceptance of fusion " ... would benefit from being framed in the 

perspective of sustainable ... " development (p89). According to psychological research 

however, this statement is questionable. In the next part of this chapter, it will be explained 

why. 

3.2 Theoretical Framework 

To understand social acceptance from a psychological point of view, several theories and 

constructs will be explained in the following paragraphs. These theories and constructs have a 

role in determining social acceptance. In this theoretical framework the way in which these 

constructs and theories have an effect on acceptance is explained as well as how these are 

useful within this research. Because not every reader might be familiar with the terminology 

used within psychology, appendix A provides an overview of most used terms and gives a 

short basic explanation of these terms. To start the theoretical framework, first an attempt is 

made to describe the term social acceptance, and explain in what way it will be used within 

this research. 

3.2.1 Social Acceptance 

Acceptance has been mentioned several times in this report already and the reader probably 

has a general idea of what the term acceptance means. In this part an overview will be 

provided to elaborate on what is meant with "social acceptance" in this report and the general 

idea will be translated into a more graspable term which will be used in the rest of this report. 
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Some perceive acceptance as being something active, like use or adoption of a technology 

(Mallett, 2(07), but within this research it does not seem useful to perceive acceptance this 

way because fusion is still far away from implementation and the technology will never be 

used by individuals. Others perceive acceptance as being expressed in attitudes (e.g.Sauter & 

Watson, 2007; Christoph, Bruhn, & Roosen, 2008), being similar to public attitudes (Liu, 

Zhang, & Kidd, 2008; Schulte et aI., 2004) or being derived from attitudes (Tenbult, De 

Vries, van Breukelen, Dreezens, & Martijn, 2008; Verbeke, 2005; Christoph et aI., 2(08). In 

this research acceptance is conceptualized as being similar to attitudes, because at this point in 

time most actors have not taken a specific point of view, there is almost no experience with 

the technology and not much information is provided by the media, except information about 

the status and development paths of fusion. 

Social acceptance is seen as a social process in which different actors influence each other 

through different types of interaction (Huijts et al., 2007). Acceptance therefore depends on 

the views of (professionally involved) actors, who differ from individuals to NGOs to 

scientists, and they can influence each other depending on available visions, knowledge and 

information which is often mediated by the media. This is important because the public 

usually understands science more through media and the filter of journalistic speech 

(Palfreman, 2006), but to adopt the points of view they have to rely on and also trust the 

media and the expressed views of journalists and other actors. According to Huijts et al 

(2007), "acceptance will depend on the information provided by the different actors, the 

opinions they radiate and in particular on the trust the responsible actors manage to gain and 

keep" (pp 2788). 

Acceptance also largely depends on the other factors like whether the level of the technology 

is local or global and whether it concerns general support or concrete investments and siting 

decisions. Regarding siting decisions for example, Tanaka (2004) describes a model in which 

the difference of general support towards - and the acceptance of siting decisions of - nuclear 

facilities is explained. Tanaka found that general acceptance of nuclear energy is determined 

by the perception of risk combined with the perception of benefits and that acceptance in the 

case of siting a nuclear facility, perception of benefits is largely removed from the equation 

and perception of risk seems to have the upper hand. Trust was also found to have a direct 

(Huijts et aI., 2007) and an indirect influence on acceptance, through perception of risk and 

benefits. This was not only found for nuclear facilities by Tanaka (2004), but also for the 

acceptance of other technologies; e.g. gene technology (Siegrist, 2000). 

Within literature these determinants of acceptance are also determinants of attitudes. This 

helps validating the conceptualization of acceptance as general public attitudes in this 
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research. With regard to fusion, a definite decision about accepting fusion is still far away, 

while people will get informed more and more about fusion the next few years. This will form 

a strong base for their attitude. If attitudes towards fusion are negative at the time of 

implementing the technology, it will be likely that fusion will not be accepted, and when 

attitudes are positive at that time it will be more likely that fusion will be accepted. Therefore 

it is useful to look at the influence of different communication strategies in the light of social 

acceptance and therefore the influence on attitudes. In the following part the discussion will 

tum to these attitudes. 

3.2.2 Attitudes 

An attitude is basically a favorable or an unfavorable evaluation of something (e.g. an object, 

a person or a situation, in this case a technology). Attitudes have been the topic of a lot of 

research and are important within social psychology; people talk about their attitudes, public 

opinions are derived from them, and attitudes predict behavior (Smith, Nolen-Hoeksema, 

Fredrickson, & Loftus, 2003). 

Traditional theories assume that attitudes are unitary constructs with one single positive or 

negative valence, being the result of a weighing process of beliefs, or from recovering 

attitudes from memory (van den Hoogen, 2007). According to these traditional theories, 

whenever an attitude object was encountered, existing beliefs were retrieved and activated 

from memory to subsequently form an attitude. When a new attitude was adopted, the old 

attitude was supposed to be overwritten. In addition, attitudes can be weak or strong. Strong 

attitudes are more stable than weak attitudes, are less affected by new information and are less 

prone to be overwritten. 

Some phenomena can not be explained by this theory however; e.g. according to research by 

(Wilson, Lindsey, & Schooler, 2000) people can have more than one attitude at the same time 

about one attitude object and further research even showed that not every attitude type 

changes the same way (Rydell, McConnell, Strain, Claypool, & Hugenberg, 2007). Partly 

because of these recent findings, a new perspective was needed. Attitude research shifted 

towards making a distinction between two types of attitudes. In making this distinction, 

(Gawronski & Bodenhausen, 2006) propose that the definition of an attitude, being an 

evaluation with a positive or negative valence, should not be rejected, only the assumption 

that these evaluations can lie in two different mental processes should be added. At the 

moment this seems to be the most accepted theory. 
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3.2.3 Dual process models of attitudes 

The two different mental processes described above are called the associative and 

propositional processes which have been described within dual process theories (see Sloman, 

1996). The associative process is more direct and unconscious, while the propositional 

process is more based on rules and conscious thought. To relate these processes to attitudes, 

different models have been made; e.g. the APE model (see Gawronski & Bodenhausen, 2006) 

and the MCM model (see Petty, Brinol, & DeMarree, 2007). These models differ on some 

points, are both incomplete and have to be developed further, but more important for this 

report is what they do agree on (Petty & Brinol, 2006). 

First of all, both models agree on the existence of evaluative associations; i.e. an attitude 

object activates many associations, some good and some bad, and the sum of these positive 

and negative evaluative associations results in a single more direct and unconscious attitude. 

Second, they also agree on the assignment of truth values, which means that the evaluative 

associations are validated through conscious thought. Basically an individual determines 

whether he or she agrees with the associations because the associations could have been 

summoned or created by an external party (e.g. a commercials, society etc.). The sum of 

validated associations partly creates a more deliberated, rule-based attitude. This rule-based 

attitude is called an "explicit" attitude, and the more direct attitude mentioned earlier is called 

an "implicit" attitude. 

Based on recent models, psychological mechanisms behind implicit and explicit attitudes 

have been explained. It remains unclear however how this affects individual opinions. In the 

following part, an attempt is made to give a more elaborate explanation of the relevant 

specifications of both types of attitudes. 

3.2.4 Implicit vs. Explicit 

As mentioned before, implicit attitudes are more direct and unconscious, while explicit 

attitudes are more rule-based and need a form of cognitive deliberation. Implicit attitudes can 

be described as being the sum of all related associations while explicit attitudes use these 

associations as a base values while they also contain an additional truth value regarding these 

associations, i.e. on the explicit level the associations are rejected or accepted as being valid. 

But there are more differences between the two types of attitudes. 
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Research on attitude change discovered that once attitudes are formed it was difficult to 

change an implicit attitude while changing explicit attitudes was much easier (Rydell et al., 

2007). In their research Rydell et al. (2007) provided participants with different amounts of 

counter-attitudinal information. Explicit attitudes changed easily due to a small amount of 

information, while implicit attitude change occurred slower and more fluently; results showed 

a linear relationship with the amount of counter attitudinal information that was provided. The 

reason for this is that it is difficult to contradict old associations; (Staats, Wit, & Midden, 

1996) even found that initial impressions keep influencing future attitudes. 

Implicit attitudes have also been described as being closely linked to the affective system 

(Spence & Townsend, 2008). In this way, implicit attitudes are described as the affective 

component of an attitude and explicit attitudes as the sum of both affective and cognitive 

components. Elaborating on this relationship, Visschers (2007) found that audio/video had 

more influence on gut-feelings and written text had more influence on cognitive aspects, but 

beside these findings not much empirical evidence has been provided regarding the 

relationship between implicit attitudes and affect. The relation to affect was, also suggested 

by (Siegrist, Keller, & Cousin, 2006) who found that negative implicit attitudes toward 

nuclear fission can exist, even when no negative explicit attitudes were found. 

Although implicit attitudes are sometimes set down as highly stable representations resulting 

from former experiences (Siegrist et al., 2006; Gregg, Seibt, & Banaji, 2006), they have also 

been found to be context dependent (Gawronski, LeBel, & Peters, 2007) or dependent on the 

type of information that is provided, e.g. audio/video (Visschers, 2007). According to 

Gawronski et al. (2007) this is caused by the activation of associations. When a whole set of 

associations is activated, the sum of this set and the set of older associations could have a 

different outcome on the implicit level, while explicitly the source of this new set of 

associations could be invalidated and have no effect on explicit attitudes. In this case, implicit 

attitudes can depend even more on context than explicit attitudes. This enables a person to 

form attitudes in a present context, even in the case of objects for which no attitudes have 

been created before (Wittenbrink & Schwarz, 2007). This suggests a relation between strong 

and weak attitudes on the implicit level, similar to explicit attitudes, where context effects 

only occur for weak attitudes (van den Hoogen, 2007). Moreover, when attitudes are strong 

there is also a stronger relationship between implicit and explicit attitudes (Nosek, 2005), 

which could indicate larger stability and less implicit/explicit context effects. 

At the time implicit measures were introduced, it was suggested that implicit attitudes 

represent 'true' attitudes, without (or with less susceptibility to) the influence of social 

desirability, while explicit attitudes represent attitudes that can be less resistant to this social 
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desirability. However, there is no scientific research that has shown that implicit attitudes are 

not influenced by this social factor (Gawronski et aI., 2007). On the other hand, it was shown 

that implicit measures can be influenced by information that is not consistent with someone's 

attitude (Han, Olson, & Fazio, 2006), which can also be related to context effect research. 

Context determines associations that are formed and implicitly they might add to an attitude. 

However, Han et al. (2006) also argue that implicit measures measure both extra-personal 

associations and personal associations, while only personal associations should be taken into 

account. These extra-personal are conceptualized as associations that do not agree with one's 

own attitude, while personal associations are associations that are consistent with one's 

attitude. In this research the assumption is made that only weak attitudes show this result. 

Attitudes toward fusion are weak and even though extra-personal associations may not be 

personal, but they might be one of the few sources of information. Therefore it does not 

matter if the IA T does include extra-personal associations because in such an early stage there 

might be no attitude at all and therefore no extra-personal associations. 

Implicit and explicit attitudes have been described as separate constructs, but they can also be 

similar. The perceived importance associated with an attitude moderates the relationship 

between implicit and explicit attitudes (the more perceived importance, the higher the 

implicit-explicit relationship) (Karpinski, Steinman, & Hilton, 2(05). In addition to this other 

studies found self-presentation (concern about self-presentation caused a weaker implicit

explicit relationship), evaluative strength (stronger attitudes, stronger relationship) and 

distinctiveness (more extreme evaluations resulted in a higher implicit-explicit relationship) 

to have an influence (Nosek, 2005). Furthermore, other studies found that lack of motivation 

or opportunity to think about the implicit associations caused a stronger relationship between 

implicit and explicit attitudes (less cognitive deliberation causes less assignment of truth

values and therefore explicit attitudes are more derived from implicit attitudes) (e.g. Fazio & 

Olson, 2(03). According to Fazio and Olson (2003), behavior is also guided more by implicit 

attitudes when there is a lack of motivation and opportunity, while when motivation is high 

and opportunities are plenty behavior is more guided by explicit attitudes. In the next part 

more will be said about the relation between attitudes and behavior. 

3.2.5 Behavior 

Attitudes predict behavior, but when implicit- and explicit- attitudes differ, the question rises 

which type of attitude predicts behavior the best. According to some studies, implicit attitudes 

are supposed to be the predictors of more spontaneous behavior (Friese, Wanke, & Plessner, 

2006; Fazio & Olson, 2003), compared to deliberate behavior which is predicted better by 
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explicit attitudes. A decision under time-pressure is probably more influenced by implicit 

attitudes, while with enough time for conscious thought, decisions will be influenced more by 

explicit attitudes. Some studies have found that this pattern (called 'double dissociation') is 

the best predictor for behavior (Perugini, 2005) while others found that other patterns fitted 

the data better. Perugini (2005) also found evidence for the interactive pattern (implicit and 

explicit attitudes are combined to predict behavior) while Spence and Townsend (2007) found 

evidence for the additive pattern (implicit and explicit attitudes both predict variance in 

behavior). One reason for these different results could be that different behaviors are 

concerned. However the general consensus is that more research is needed in this area. 

3.2.6 Contextual and semantic associations 

There are several ways in which new associations are formed; by means of new information 

or experience, but also through external factors like semantics and context, influence by the 

media or not (Petty, 2006). These will be described below. 

Associations are the base of implicit attitudes and explicit attitude formation. Associations 

depend upon the information that is provided and the experiences that people have had, but 

associations also depend upon the way information is provided. In the case of a new attitude 

object, in this case an energy technology, attitudes are weak and the amount of available 

associations is low. In the case people have to make an evaluative decision about such a 

technology, they have been found to use associations they have towards a related object to 

interpret the unknown and create attitudes towards the new attitude object (Visschers, 2007). 

Visschers found that this connection could be caused by objects that are connected on the 

semantic level, i.e. the relation is caused by the meaning of words. In that way attitudes 

toward new objects depend on the attitudes participants have toward the related object. 

Other research mentioned that associations can also stem from the context in which a new 

attitude object is presented, also only in the case that attitudes are weak (van den Hoogen, 

2007). The result of this study was that two context effects exist; assimilation (which 

basically means that attitudes toward the object increase when the context is more positive, 

and the other way round) and contrast (which implies the opposite; attitudes toward an object 

decrease when the context is more positive). According to van den Hoogen (2007), 

assimilation occurs when cognitive capacity is low. On the other hand, contrast occurs in the 

case of sufficient cognitive capacity and distinct and clear context information. This would 

mean that on the implicit attitude level no contrast effect could appear. 
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Since these associations are supposed to appear only when attitudes are weak, they could stilI 

be available when attitudes are strong and maybe even be the base of future attitudes. 

Therefore these effects should not be underestimated. 

3.3 Conclusion 

In this paragraph a short summary is provided to describe the way in which the literature 

described in this chapter will be used in the next part of this report. 

At this moment acceptance of the concept fusion energy will depend on information 

(communication strategies, debates, pamphlets, text in the media, etc.) that will be provided 

and the way in which it is provided. The latter factor will play a large role in this initial state. 

It will depend upon a combination of implicit and explicit attitudes. Probably the best way to 

describe implicit attitudes in this report is to see them as the sum of all associations that are 

activated at the moment the research is done and explicit attitudes can be described as the sum 

of these associations which are weighed in conscious thought. The associations can stem from 

experience and information, but also from extra-personal factors like stakeholder opinions or 

social norms (important in this early state). At the time fusion can be introduced 

commercially, experience becomes more important. However the initial associations will stay 

and are suspected to be difficult to change. Therefore research in this early state could partly 

predict future acceptance patterns. 
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Chapter 4 Research Outline 

In the previous chapters a general overview of the areas in which this research is places is 

given, as well as an overview of the relevant theories. Based on these chapters a more specific 

overview is provided; the exact problem and goals are defined, the research question and 

hypotheses stated, and the boundary conditions are given in this chapter. The result of this 

research outline will be several concrete, researchable hypotheses and the area in which the 

research is done will be made clear. 

4.1 Problem definition 

Fusion is a new energy source, at the moment unfamiliar to a lot of people because the 

technology is still in its research phase and far away from technical implementation. As 

mentioned before, at the moment the public seems to have slightly positive feelings or 

attitudes toward fusion. But whether this is because fusion is still in its research phase, 

because society really finds fusion appealing or because of any other reason, is unknown. 

Even when scientific evidence has shown that a technology is safe for example, the public can 

remain skeptical (Schulte et aI., 2004). Also the external effects of communication strategies 

could affect associations. Whether fusion will be accepted in the future therefore remains 

unknown. 

Other technologies have faced such problems with public acceptance. Nuclear fission for 

example did not have a negative image at the time it was first implemented, the image turned 

darker after a while (Palfreman, 2006); numerous negative associations were added to a set of 

positive associations. Another example of a technology that has difficulties with public 

acceptance is biomass (van den Hoogen, 2007). It is therefore uncertain how society is going 

to react to fusion once it has reached its implementation phase. This has also been realized by 

the fusion community (Chayapathi & Laes, 2007) who, in reaction to this potential problem, 

recommends to frame fusion in the context of sustainable development in order to create 

positive associations. The question whether this has the intended result however, has no 

simple answer according to the context effect theory. In terms of context effects, Chayapathi 

& Laes argue that an assimilation effect occurs, while van den Hoogen argues that also a 

contrast effect could occur (see chapter three in this report for more information about these 

context effects). 
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According to the theory of Visschers (2007), people associate unknown technologies to 

technologies they do know something about. Because fusion is such an unfamiliar technology 

to many, people try to make associations to build their attitudes based on something else; f.i. 

people use associations regarding related technologies to create an attitude towards fusion. 

People could associate fusion to nuclear fission for example. The effect of this on the implicit 

and explicit levels and the extent to which fusion is related to other technologies are 

unknown. At this moment, the term nuclear fusion (which probably creates a semantic 

connection between fusion and fission) is still used which could increase this relation, or 

maybe even be the cause of the associations made. 

A more fundamental problem is retrieved from the research done by (Siegrist et aI., 2006). 

They found negative implicit attitudes toward nuclear fission, while on the explicit level no 

such negative attitudes were found. Based on the attitude theory, one could argue that this is 

because participants have negative associations regarding fission, which are rejected on the 

explicit level. This could point at negative gut-feelings toward fission which keep influencing 

future attitudes. It has been found that associations can stem from context and semantics, but 

how this affects fusion is uncertain. 

4.2 Goal 

The goal of this research is to investigate the effects of future information providing strategies 

on public attitudes toward fusion and therefore give an indication about how attitudes toward 

fusion are formed. Furthermore it is attempted to provide some new data to the new research 

field of implicit attitudes, the field of attitude association and the field of context effects. This 

is done by researching a new technical innovation using implicit attitudes. 

4.3 Boundary conditions 

Since technical implementation of fusion is still far away and actual siting of a power plant is 

not a point of discussion yet (at least not in the Netherlands), this research will be focused on 

general opinions toward fusion and how they can change due to external factors. 

The general public does not know much about fusion, and there has not been a large 

discussion between proponents and opponents of fusion. Several opinions have been 

expressed (e.g. Greenpeace) which are accessible to the public, but this involves a cognitive 

quest for information. The information that has been offered overtly in the media remains 

mainly informative. Therefore, at this stage, the influence of trust on acceptance is suspected 
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to be limited. When the discussion breaks out however, trust in the organizations will become 

important and therefore it will not be a subject in this research. It is suspected that the more 

fusion is associated with fission, the more the trust in the fusion organizations is guided by 

trust in fission organizations. This remains speculation and this issue will need more attention 

in future research. For now the statement of Chayapathi and Laes (2007) (that the fusion 

society is trusted at this moment) is assumed in this research. 

4.4 Research question 

The basic research question within this research is, based on the existing literature in the area 

(see chapter three) and the first part of this research outline, the following; What is the 

influence of context and semantic association on implicit and explicit attitudes toward fusion? 

Below, the hypotheses which are derived from this research question and are tested in this 

research, are provided. 

4.5 Hypotheses 

Several hypotheses can be drawn from literature and from the problem definition. The first 

hypothesis that will be researched is that (I) the semantic connection between nuclear fission 

and nuclear fusion causes more negative attitudes toward fusion. The assumption here is that 

when fusion is semantically associated with fission, attitudes toward fission are associated 

with fusion causing more negative associations toward fusion. It is not argued that fission is 

perceived to be evaluated negative, only more negative than other types of energy production 

methods. 

The next hypothesis concerns the context; (2) information framed within a positive context 

causes more positive attitudes than information framed within a negative context. This 

assumption is made by the study center for nuclear energy (Chayapathi & Laes, 2(07). In 

terms of the context effect theorem this would mean that information is not processed under 

higher order cognition. 

According to van den Hoogen (2007) a contrast effect requires thinking. Therefore the third 

hypothesis is that (3) on the implicit level only assimilation occurs. In terms of associations 

this would mean that an accumulation of more negative associations causes more negative 

implicit association. 
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It is also hypothesized that (4) (a) knowledge and (b) involvement influence the effect of both 

context and semantic variables. The assumptions here are that more knowledge and 

involvement increase the number of available associations. and maybe also the strength of the 

attitude. This last hypothesis is only an explorative hypothesis and is not part of the main 

research question. However, based on the literature this might hypothesis might be useful 

during the analyses. 
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Chapter 5 Method 

This chapter was written to describe as precise as possible how the research was done, what 

steps were taken to reach the data and in what way the research question was operationalised. 

First the design is provided to give an overview of the structure of the experiment. The next 

part is the participants section, which gives some information about the participant in this 

research. In the next part, details on the equipment are given (type of tests etc.). Finally, in the 

procedure section, the way in which the study was done in practice is explained. 

5.1 Design 

There were two independent variables: context (with three levels: negative (nuclear fission), 

neutral (electricity) and positive (solar power» and semantics (with two levels: a possible 

semantic connection (nuclear fusion) and no semantic connection (fusion energy». The 

design was a between-group design; each participant was randomly placed in one of the six 

conditions containing one level of the semantics- and one level of context variable. The 

dependent variables were both an implicit- and an explicit attitude measure towards fusion. 

The overall analysis that was done was a based on a 2 (attitude type: implicit vs. explicit) x 2 

(semantics: nuclear fusion vs. fusion energy) x 3 (context: nuclear fission vs. electricity vs. 

solar power) mixed design with the first varied within participants and the latter two varied 

between participants. 

5.2 Participants 

In total 120 subjects participated, 20 individuals for each of the 6 conditions. Age varied 

between 18 and 39 with a mean of 23.23. Of all participants 72.5 % was male, the rest female. 

Only a few participants (1 %) had a lower educational level than university level. Some of the 

participants were retrieved from a participant-database, but because this did not yield enough 

participants students and employees were asked to participate. Every participant (except for 

the university employees) received 5 Euro's for hislher effort. In addition to this, every 

participant was given a chance of winning one of three 20 Euro vouchers (dependent on 

hislher results of a learning task, see the procedure section). All participants were naive about 

the purpose of the study. 
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Most participants had heard of fusion before, but analyses of the data about knowledge 

showed a normal distribution over the whole knowledge scale. Although student of a 

technical university might have a greater interest in technological innovations, this data shows 

that participants were not informed about fusion to a large extent. Also analyses between 

educational levels did not show a difference in the amount of knowledge participants had. 

5.3 Materials 

The entire experiment was done on a computer which was placed in a research cubicle. 

Participants did not have any distraction within a cubicle and they could concentrate on their 

tasks. In total this research laboratory consists of 8 cubicles, so eight people could participate 

at the same time. 

Explicit attitudes were measured by means of a bipolar semantic differentiation scale, 

containing 6 items for fusion and the same 6 items for the context technology (see appendix 

J). For each item the semantic differentiation scale exists of two contradicting statements on 

either side of a 7-point scale and participants can indicate the extent to which they agree with 

either one of the two statements. A score of 4 indicates that the participant does not agree with 

both statements, in other words the participant is neutral. 

Implicit attitudes were measured by means of the Single Category Implicit Association Test 

(SC-IAT) (Karpinski & Steinman, 2006). The SC-IAT differs from the conventional IAT 

(Greenwald, Mcghee, & Schwartz, 1998) in that it has fewer blocks (no practice on individual 

category groups is needed) but for each test block the number of trials is higher. The SC-IAT 

was used because no comparison technology could be added as the context technologies 

differed in different conditions. The advantage of such a test is that reliability is high and that 

pure implicit attitudes to the technology category are measured. The SC-IAT is a uni

dimensional IAT that measures a more absolute attitude, compared to an IAT where 

technologies are compared to each other and relative attitudes are provided (Wigboldus, 

Knippenberg van, Holland, Hartog den, & Belles, 2002). 

Based on findings that indicate that stimuli can influence the IA T effect (Bluemke & Friese, 

2006), (i.e. words with a certain valence can influence the implicit measure), the stimuli were 

chosen carefully and words with a positive or negative valence were omitted (see appendix 

K). In a pilot that was done, it was tried to obtain as many words related to fusion that were 

already present in society. In addition to this the pilot was meant to validate that nuclear 

fission was evaluated more negative. 
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Environmental orientation was measured using a Dutch translation of the NEP-scale (Dunlap, 

Van Liere, Mertig, & Jones, 2000) which is a measure that measures ecological orientation 

(appendix L). Knowledge was measured in two ways; there was a subjective measure of 

knowledge (participants had to indicate the extent to which they had heard of certain aspects 

of fusion before they were informed on fusion during the experiment. Furthermore there was 

an objective measure consisting of eight items and the questions were about the information 

provided during de experiment. Participants were given multiple choice questions and the 

amount of correctly answered questions was measured (appendix F for fusion, and appendix 

G, H and I for the different context technologies), This also determined whether participants 

were qualified for one of the three 20 Euro vouchers. Also several questions regarding 

behavioral intention were added to the experiment, and participants had to submit their 

behavioral intention on a 5-point likert scale with on one side "very unlikely" and on the other 

side "very likely". 

Instructions were provided on the computer-screen which led the participants through the 

whole experiment. The experiment was programmed in Authorware 7.0, and the SC-IAT was 

programmed in e-prime, version 1.2 (see appendix M for screenshots). The computer 

switched automatically from Autorware to e-prime and vice versa. 

5.4 Procedure 

In this section the procedure that was followed during the experiment is described. 

Participants were randomly assigned to one of the six conditions. They were told to take a 

seat behind the computer in an assigned cubicle and that the computer would guide them 

through the experiment without any interruptions of the experimenter. 

During the experiment first the setup was explained; the experiment existed of two parts. First 

participants had to read a text (about the size of one A4) about the context (dependent on the 

context manipulation) (see appendix B, C and D) and a text of the same size about fusion 

(nuclear fusion or fusion energy, according to the semantic manipulation) (see appendix E). 

The context manipUlation was administered first to bring the participants in a certain mood. 

To increase understanding and memorization of the text, especially for the fusion text (the 

words were subsequently used in the SC-IAT), participants had to answer some questions 

about the text. Before reading the texts tbey were told that they would have to answer some 

questions and that the best performing participant would have a chance of winning one of the 

three 20 Euro vouchers. 
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Next the texts appeared and participants could read the text in their own speed. The text of 

fusion and the texts about the context technologies existed of four pages and participants 

could not go back a page. This was told explicitly that this was not possible. 

When participants finished reading both texts, eight questions concerning fusion were asked 

first, which was followed by eight questions about the context technology. The reason for this 

was to distract the participants somewhat from fusion and to make fusion words less active in 

memory. 

The next step within the experiment was the SC-IAT. The SC-IAT consisted of two parts; part 

A in which the fusion category (nuclear fusion or fusion energy dependent on the semantic 

condition) was placed on the same side as the category "good" (see appendix M), and part B 

in which the fusion category was place on the other side, near the category "bad". Half of the 

participants first encountered part A and then part B, half of the participants first received part 

B and then part A. The SC-IAT was presented to the participants before the explicit measures 

because Karpinski & Steinman (2006) found that filling out an explicit measure can affect 

subsequent implicit measures. 

Finally, the explicit measures were presented. First the semantic differentiation scale was 

provided, followed by the NEP-scale and finally the subjective knowledge and behavioral 

intention measures were given. 

After participants had filled in all questions the experiment was finished and they were sent to 

the experimenter. He thanked the participants for their effort and paid them 5 Euro's. He also 

told the participant that if they had performed very well on the objective knowledge test they 

could be eligible for winning one of the vouchers. The participant was told he would receive a 

notification if he/she had won one of the vouchers. 
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Chapter 6 Results 

In this chapter the data and the results of the present study are reported. No detailed 

interpretation regarding what the data means is provided yet; this will be done in the 

discussion chapter. The results are described in words, fonnula's and graphs. Not every reader 

might be familiar with the statistical tenns that are used and therefore a short explanation of 

most used terms and statistics is provided in appendix A. 

6.1 Initial analyses 

To be able to analyze the SC-IAT data, reaction times were recoded by means of an algorithm 

based on the D-score algorithm used for IAT data (Greenwald, Nosek, & Banaji, 2003). This 

algorithm was also used by Karpinski and Steinman (2006) who first used the SC-IAT. Data 

from practice blocks was not used, reaction times slower than 350 ms plus non-responses 

were deleted and wrong responses (responses where the wrong button was pushed) were 

replaced with the block mean plus a penalty of 400 ms. One participant was removed because 

of the many mistakes he made. Average response times of block A (fusion and good) were 

subtracted from the average results of block B (fusion and bad). The result of this subtraction 

was divided by the pooled standard deviation of all correct response times within both block 

A and block B. For further infonnation about the D-algorithm, see Greenwald et al. (2003). 

The primary data preparation showed that all data were distributed according to the nonnal 

distribution and no data, except for the IAT data of one participant was discarded according to 

the criteria mentioned above. A main SC-IAT effect was also found; the corrected average 

response times within block A (M = 678 ms) were significantly shorter than the average 

corrected response times within block B (M = 710 ms) (t (118) = 5.77, p < 0.001, r = 0.47). 

On the difference in order of block A and block B, no order effects were found; i.e. this effect 

occurred regardless of the order in which block A and block B were presented to the 

participants. This indicates that general implicit attitudes toward fusion were positive, or more 

precisely, that in general people associated fusion more with good than with bad. The absence 

of order-effects means that learning effects and priming effects did not occur. A learning 

effect could mean that the task is easy to learn and that the first encountered block would, by 

definition, have slower reaction times than the results from the second block that was 

encountered. A priming effect could for example cause more negative attitudes overall if the 
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Figure 6·1: Difference in explicit attitudes toward energy technologies between males and females 

first block that was encountered was the block with the category fusion on the same side as 

the category bad, and vice versa. In other words, a first encounter with the association fusion

bad, could result in more associations combining fusion with bad and therefore attitudes could 

be more negative compared to when the first combination (prime) would have been fusion 

and good. If these distortions were there, the results would be less strong, but in this case 

there is a strong IA T effect in favor of fusion. 

Furthermore, explicit attitudes regarding fusion within a neutral context (M = 5.84, SD = 0.73) 

were compared with explicit attitudes toward nuclear fission (M = 4,70, SD = 1,20) and solar 

power (M = 6.15, SD = 0.71). Nuclear fission was evaluated most negative of the three 

technologies, solar power most positive. Only fusion and nuclear fission differed significantly 

(t (39) = 5.37, P < 0.001, r = 0.65) while the difference between fusion and solar power was 

marginally significant (t (39) = 2.00, P = 0.052, r = 0.30) (see figure 6-1). Attitudes of male 

subjects were compared to attitudes of female subjects, but gender only differed significantly 

on nuclear fission; males were more positive (M = 4.96, SD = 1.16) about nuclear fission than 

were females (M = 4.1 0, SD = 1.11) (F (1,38) = 4.74, P < 0.05, r = 0.33). Notice that all 

evaluative scores were above the centre of the scale which means that also nuclear fission, 

being the technology that was evaluated worst of aI, was evaluated to be more positive than 

negative. 

The amount of correctly answered questions about fusion correlated positively with explicit 

attitudes toward fusion (r = 0.24, P < 0.01) and to an even larger extent with the implicit 

measure of attitudes (r = 0.34, P < 0.001). In other words, more knowledge resulted in more 

attitudes toward fusion. This was not found for explicit attitudes toward the context 

technologies nuclear fission and solar power; (r = 0.07, p = 0.668) and (r = 0.147, P = 0.364) 

respectively. Implicit measures were not used to evaluate these technologies. 
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Further analyses revealed a significant correlation between explicit and implicit measures of 

attitudes regarding fusion (r = 0.265, p < 0.005). This is not a large effect, which indicates 

that the two measures indeed measured different constructs. Furthermore, both measures were 

separately related to the descriptive variables (age, gender, and educational level), the 

behavioral scale, the NEP and the knowledge scales. Explicit attitudes correlated positively 

with the intention to learn more about fusion, (r = 0.229, p < 0.05) while there was no 

significant correlation on the implicit measure. Also the behavioral intention to choose for 

fusion power was correlated with the explicit measure (r = 0.487, p < 0.001) and not with the 

implicit measure. On the analyses regarding gender, no effects were found on the amount of 

information retrieved from the text. 

Effects of gender were found on subjective knowledge (knowledge participants reported to 

have on forehand); male participants claimed to have more knowledge than female 

participants (r = 0.397, p < 0.001). Also a direct effect of gender was found on attitudes where 

male participants were more positive than females on the implicit level (r = 0.207, p < 0.05) 

as well as on the explicit level (r = 0.318, p < 0.001). Subjective knowledge however also 

seemed to be associated to both implicit (r = 0.275, p < 0.005) and explicit attitudes (r = 

0.319, p < 0.001) where the more knowledge participants claimed to have, the more positive 

they were. 

Furthermore, the data were submitted to a 2 (attitude type: implicit vs. explicit) x 2 

(semantics: nuclear fusion vs. fusion energy) x 3 (context: nuclear fission vs. electricity vs. 

solar power) mixed design ancova, with the former variable as a repeated measure within 

factor and the latter two variables manipulated between participants. Gender was included in 

the analysis as a covariate. This analysis showed a main effect of attitude type (implicit vs. 

explicit) (F (1,112) = 702.96, p < 0.00 I, r = 0.93). But since the implicit and explicit 

measures are completely different measures this finding is not surprising. More interesting 

findings of this analysis, related to the hypotheses, are given below. The structure of the next 

paragraphs is based on the hypotheses which are described in the previous chapter. 

6.2 HI: Semantic connection 

The first hypothesis stated that the semantic connection between nuclear fission and nuclear 

fusion cause more negative attitudes toward fusion. Regarding the analysis of attitude type 

and semantics, an interaction effect was found between attitude type and semantic 

manipulation (F ( 1,112) = 11.29, p < 0.001, r = 0.30) which indicates different effects of 

semantics on both attitude types. The results are shown in figure 6-2. Within this analysis a 
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Figure 6-2: Interaction effect semantics vs. attitude type; Note that for implicit attitudes the term 

fusion energy is evaluated best, and for explicit attitudes the term nuclear fusion 

main effect was found for the semantic manipulation on the implicit measure; the D-score of 

participants who read only fusion energy words was higher (M = 0.323, SE = 0.054) than for 

participants who read only nuclear fusion words (M = 0.131, SE = 0.054), (F (1,118) = 6.32, 

P < 0.05, r = 0.23). This means that implicit attitudes were more negative in the condition 

where fusion was called 'nuclear fusion' compared to the condition where fusion was called 

'fusion energy'. On the other hand, also a main effect for the semantic manipulation on the 

explicit measure was found but this effects points the other way; explicit attitudes of 

participants who read only fusion energy words were lower (M = 5.576, SE = 0.109) than for 

participants who read only nuclear fusion words (M = 5.899, SE = 0.110), (F ( 1,118) = 4.38, 

P < 0.05, r = 0.19). In other words, on the explicit level participants were more positive about 

fusion when fusion was called nuclear fusion compared to when fusion was called fusion 

energy. These effects can also be seen within figure 6-2. On the right side of in the figure, the 

implicit part, no values were assigned to the scale values because there is no maximum value. 

The largest D-score found in this research however was 1,52. On the left side of the figure, 

statements like 'highly positive attitude' could be assigned to the highest value because the 

explicit scale had a maximum value of seven. This was also the case for the next figures in 

this chapter. Note that implicit and explicit attitudes show different effects. On the implicit 

level the hypothesis is supported, while on the explicit level the hypothesis should be rejected. 

This result does however fit with previous research, which will be discussed in the next 

chapter. 

6.3 H2: Context effect 

The second hypothesis stated that information framed within a positive context causes more 

positive attitudes than information framed within a negative context. An interaction effect was 

found between attitude type and the contextual manipulation, (F (1,115) = 6.02, P < 0.005, r = 

0.22), see figure 6-3. Within this analysis, a main effect was found on the explicit measure but 

not on the implicit measure (F (1,114) = 0.01, P = 0.989). To put this in another way, on the 

implicit level there was no difference at all between context conditions. Regarding the explicit 
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Figure 6-3: Interaction effect context vs. attitude type; Note that for explicit attitudes the term, fusion 

is evaluated best in the context of nuclear fission and the worst in the context of solar power 

(contrast). On the imnlicit level there is no context effect. 

level, the more negative the primed context, the more positive were explicit attitudes toward 

fusion (F (l,118) = 6.377, P < 0.005, r = 0.23); within the nuclear fission context attitudes 

scores regarding fusion were the highest, (M = 5.991, SE = 0.133), followed by attitude scores 

in the general electricity context (M = 5.866, SE = 0.133). Attitude scores in the case of solar 

power were the lowest (M = 5.356, SE = 0.133). Note that these attitude scores were not 

attitudes toward nuclear fission, electricity or solar power, but attitudes toward fusion in the 

case it was presented in the context of these technologies. These findings lead to the 

suggestion that participants were comparing the context technology with fusion. 

In addition, also a contrast was found where the context levels fission and electricity were 

contrasted to the last level, solar power (F (1,116) = 11.30, P < 0.005, r = 0.30). No contrast 

was found between the fission and electricity context levels (F (l, 116) = 0.31 , p 0.58, r = 
0.05). This indicates that attitudes toward fusion in the case it is presented in a context of 

nuclear fission or electricity in general do not differ significantly, while attitudes in the case 

of the solar power context are significantly Jess positive. The suggestion provided by 

Chayapathi and Laes (2007), that putting fusion in the context of sustainable energy would 

increase attitudes toward fusion, seems to work in the opposite way. 

6.4 H3: Implicit contrast 

The third hypothesis states that on the implicit level only assimilation can occur. Although no 

implicit or explicit interaction effects were found between the two independent variables, 

semantics and context, some analyses were done to find the effect of semantics in different 

contexts, to be more precise whether on the implicit level assimilation or contrast occurred. 

On the implicit measure it was found that in the context of nuclear fission, semantics had the 

biggest effect (see figure 6-4). Although not significantly different, for participants who were 

primed with nuclear fission and who only received fusion energy words, the D-score was the 

highest of all 6 (3 (context) x 2 (semantics» conditions (M = 0.37, SD = 0.41) and the D-score 
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Figure 6-4: Context vs. Semantics on implicit measure, note that the line for the semantic level 

'fusion energy' is pointing downwards. However not significant, this could indicate a contrast effect. 

The difference between attitudes in the two semantic levels, within the nuclear fission context is 

sienificant. 

of the participants who were primed with nuclear fission and who only received the word 

nuclear fusion was the lowest of all 6 conditions (M = 0.085, SD = 0.41). In other words, the 

semantic manipulation seemed to have the largest effect within the context manipulation 

'nuclear fission'. In addition, this effect of semantics within the context level of nuclear 

fusion (descriptive statistics are mentioned above) was significant (F (1,39) = 4.93, P < 0.05, 

r = 0.33). In figure 6-4 one can see that on the semantic condition 'fusion energy' a line 

appears that resembles a contrast effect. According to the data within this research, 

statistically there is no effect, but this finding is worth further investigation in further 

research . 

6.5 H4 Knowledge and involvement 

The fourth hypothesis states that knowledge and involvement influence the effect of both 

semantic and contextual manipulations. As mentioned in previous parts in this chapter, 

objective knowledge (results regarding questions about text) affected both implicit and 

explicit attitudes. In addition to this, also subjective knowledge affected both attitude types. 

An indication of involvement was measured by means of the NEP scale but no effect was 

found with regard to the results of this measure. In the next chapter, implication of these 

findings is discussed, and the results are compared with results from previous studies and 

literature. 
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Chapter 7 Discussion 

In this discussion the results will be discussed, interpreted and compared to previous research. 

The way in which this research supports or rejects other existing research in the area is an 

important part of this discussion. In the last part of this chapter the limitations of this study are 

discussed. 

7.1 General Discussion 

The base of this research is retrieved from Visschers (2007) who found that when a new 

technology is encountered, people try to form a judgment about this technology by relating 

this technology to an associated, familiar technology. By doing this, people adopt the 

associations they have regarding the technology they are familiar with and use these 

associations to form a judgment about the new technology. According to Visschers (2007), 

this effect can occur based on just a semantic connection. 

In this research a similar effect was found. To be more precise, based on the semantic 

manipulation a kind of assimilation was found. The semantic connection with nuclear fission, 

induced by using the term 'nuclear fusion', resulted in less positive attitudes toward fusion 

than in the condition where no semantic connection was provided. Here associations with a 

less positive energy source resulted in less positive implicit attitude, which was suspected 

because implicit attitudes are conceptualized as being the sum of all associations connected to 

an object. Besides this, other research argues that rejecting these associations requires 

cognitive thinking (van den Hoogen, 2007) while an implicit attitude is a direct attitude 

(Sloman, 1996) which is generated outside conscious thought. In sum, an inverse relation 

between associations and implicit attitude was neither suspected nor found. 

On the explicit level however, such an effect did occur. Using the term 'nuclear fusion' in 

general resulted in more positive explicit attitudes toward fusion, which resembles a contrast 

effect. According to van den Hoogen (2007) this means that the new object is compared to the 

context object, in this case the new technology fusion was compared to the associated 

technology, nuclear fission, and therefore evaluated more positive. This also means that 

participants particularly distinguished the two technologies in the case they were associated 

the most. 
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Vanden Hoogen (2007) also found that attitudes are more sensitive to context effects when 

there are less associations available in memory and attitudes are weak. Because clear 'context 

effects' were found, it is assumed that in general participants did not have many associations 

stored in memory. This was also suspected on forehand because fusion is such a novel 

technology. 

On the context manipulation, an explicit contrast effect was found, but there was no context 

effect found for the implicit measure. Fusion evaluated in a context of nuclear fission was 

evaluated most positive and fusion assessed in a context of solar power was evaluated most 

negative. Again the appearance of a context effect points at the low amount of associations 

that exist for fusion. The contrast effect however contradicts the suggestion by Chaypathi & 

Laes (2007), who argue to frame the fusion in a positive (sustainable) context in order to 

promote fusion. This research suggests that when fusion is brought in a context of nuclear 

fission and people receive time to think about the differences, attitudes are more positive than 

when this is not done. 

Gawronski et al. (2007) argue that attitudes at the implicit level are less susceptible to context 

effects than attitudes on the explicit level. This is similar to findings by Rydell et al. (2006) 

who found that it was more difficult to change implicit attitudes than explicit attitudes. 

According to the current research however, although existing implicit attitudes might be more 

difficult to change and could be less susceptible to context effects, it can be suggested that in 

case of a new attitude object and in the case of weak attitudes, context effects occur both on 

the implicit and explicit level. Also this issue needs more attention in further research. 

The notion that only assimilation occurs at the implicit level (hypothesis 3), is challenged by 

Glaser (2007), who describes contrast effects in automatic evaluation studies. According to 

him, comparison between two objects is not plausible for implicit attitudes, but he explains 

the findings of an implicit contrast effect by the notion of automatic correction for the bias of 

a prime or context. In other words, he describes an automatic process in which associations 

based on a certain prime or context are rejected. This could explain the suggestion for an 

implicit contrast effect that was raised by the results described in the last chapter (see 

hypothesis 3). However, more research is needed in this area. 

Some studies suggest that implicit and explicit attitude measures show similar context effects 

(Schwarz, 2007). In this research however, this suggestion is challenged; implicit and explicit 

measures show opposite contrast effects. In this finding the MCM model of Petty (2007) is 

supported in that explicit attitudes use validated associations where more negative 
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associations regarding fission are determined to be invalid for the evaluation of fusion, while 

this does not occur on the implicit level. 

There has been some argument regarding extra-personal association versus personal 

associations in the implicit measure. Some argue that extra-personal associations should be 

filtered from the implicit measure because they are not relevant for an attitude (Han et aI., 

2006). Therefore several studies also has been done using a personalized IAT to control for 

these extra-personal associations (de Houwer, Custers, & de Clercq, 2006). Other research 

however suggests that using extra-personal associations might be an advantage rather than a 

disadvantage (Spruyt, Hermans, de Houwer, Vandekerckhove, & Eelen, 2006) as extra

personal associations can also, as well as personal associations, guide behavior. In this study 

this latter notion is adopted, because a new attitude object is used. In the case of a new 

attitude object people might create an attitude based on associations that are derived from 

external sources (e.g. other peoples opinions) and not from personal experience or cognition. 

Besides, extending the notion of Gawronski, Peters and LeBel (2008) who argue that not 

every extra-personal association is perceived as being an extra-personal association by every 

participant, it could be argued that in the initial phase of attitude formation, different (or none 

at al) associations could be perceived as being extra-personal compared to a later phase in 

which attitudes already have been created. Additional research should determine whether this 

is a valid point. 

Several other studies has been done regarding one-dimensional IAT's (Wigboldus et aI., 

2002). As in this research, no order effects were found in other research. According to 

Wigboldus et al. the advantage of a uni-dimensional IAT is that attitudes are measured 

absolute and not relative to an original IAT. In this research however using a one-dimensional 

IAT was the only way to measure attitudes because the context technologies fusion was 

compared with, differed. In addition to this, the advantage of the SC-IAT used in this research 

is that the reliability of this measure is found to be higher than reliability of the original IAT 

(Karpinski & Steinman, 2006). 

It was suspected that there was an influence of environmental concern, maybe moderating 

involvement. In this research, the revised NEP scale did not yield any results, and also the 

results that are described in the literature were not found. (Dunlap et aI., 2000) found that the 

NEP scale has a negative relationship with age and a positive relation with education. Both 

results were not replicated in this research and only a marginal effect of gender was found on 

the scale. The reason for this could lie in the fact that the scale was translated into Dutch, or in 

the general nature of the participants who were mostly highly educated. Besides this, maybe 
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motivation to read the texts thoroughly could have been induced by the chance of winning a 

voucher, instead of any personal factor. 

The effects of gender on concern towards technology and environment have been found 

before (Davidson & Freudenburg, 1996), According to their research, this is particularly the 

case for nuclear facilities. A similar finding was done in this research, where evaluation of 

nuclear fission differed more between males and females than evaluation of solar power. 

Regarding behavior, in this research a relation was found between the explicit measure and 

the behavioral intention, but no relation was found regarding the implicit measure. However, 

no spontaneous behavior was measured which is suspected to be mostly influenced by 

implicit attitudes. Where choice regarding a consumer product can be guided by spontaneous 

behavior (less time and motivation to think), choice regarding an energy technology is 

probably more guide by cognitive thinking. Therefore the measured behavior is more 

cognitively guided and the findings of a relation between explicit measures and deliberate 

behavior are similar to previous results on deliberate behavior (Spence & Townsend, 2(07). 

Explicit attitudes can change into the initial implicit attitude. As Ranganath & Nosek (2008) 

found in generalization research (generalizing attitudes regarding on person in the group to 

others in that same group), implicit generalization was found immediately and explicit 

generalization followed eventually when for example participants forgot who did what. This 

is similar by other research who found that associations, and therefore implicit attitudes, are 

easily formed but are difficult to modify (Gregg et aI., 2006). In regard to attitudes toward 

fusion, it could therefore be argued that once enough associations have been created, implicit 

attitudes are less susceptible to context effects. A similar statement was also provided by 

Nosek (2005), who suggest that stronger attitudes result in a stronger relationship between 

implicit and explicit attitudes. Therefore, if attitudes are stronger, neither an implicit nor an 

explicit context effect is suspected. 

Slightly positive attitudes toward nuclear fission were found. However, as Siegrist et al. 

(2006) found, this does not mean that implicit attitudes are also positive. They found a 

negative implicit attitude toward fission by means of a two-dimensional IA T. They suggest 

however that a one-dimensional IA T could predict attitudes toward fission better, because 

they measured attitudes in a subjective way, relative to the context technology. In this 

research such a one-dimensional IAT was used and both explicit and implicit measures 

yielded positive attitudes in every experimental condition. There remains uncertainty about 

whether this was caused by the one-dimensional IA T, as Siegrist et ai. (2006) suggest, or 

because implicit attitudes toward fusion are more positive than implicit attitudes toward 
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fission, but because explicit attitudes regarding fusion are more positive than explicit attitudes 

toward fission, the latter seems to be a better assumption. On the other hand, since no two

dimensional IA T was used in this study, this is not certain. 

In the third chapter of this report some attention was paid to the concept of acceptance. It has 

been found in this research that attitudes toward fusion are positive, but does this mean that 

fusion will be accepted? The answer to this question is no. As indicated in chapter three, the 

chance that it will be accepted is higher than when attitudes are negative. Acceptance can 

exist on several levels. Acceptance of fusion in general depends largely on attitudes toward 

fusion in general, as conceptualized in this study. This however has only partly to do with 

commercial introduction and siting of a fusion reactor. Acceptance of siting a reactor depends 

on attitudes toward siting that reactor, which in tum depends on several other factors like 

trust, and is more related to actual behavior. In that case, acceptance is a more general 

attitude, a general state by which a decision about accepting siting of a reactor is guided. The 

technology is however not in its implementation phase yet and therefore, at this moment, the 

results of this research indicate whether the development of fusion is accepted in general and 

the answer to that is yes. 

The results from this study seem very tempting to use within a communication strategy and 

the results could be used to steer the public in forming more positive or more negative 

attitudes toward fusion. First of all, this was not the primary intention of this research. The 

intention was to gain insight in how attitudes toward a new technology, in this case fusion, are 

formed based on knowledge and experience with more familiar technologies. To recapitulate 

shortly, what was found was that the activated associative link between nuclear fission and 

fusion causes more negative attitudes toward fusion. Therefore the suggestion of this research 

is to inform the public about the differences between the two technologies. This would not be 

manipulative; people are still able to create their own attitudes based on the available 

information and in-depth processing. When providing information every side of fusion should 

be illuminated, not only the positive but also the negative sides. This is the most fair way to 

inform the public, it creates trust, and maybe most important, there is no chance of backfire. 

Providing on-sided information while later on more information of the other side becomes 

available could cause dissipation of trust and attitudes that tum the other way. Besides, as the 

results indicate, at this moment attitudes are unstable and can change into any direction. New 

events like technological development, different political views or any other event can 

influence future attitude toward fusion. 
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7.2 Limitations 

This research has several limitations; first of all, the experiment that was done was a 

controlled experiment researching the effect of semantics and context on implicit and explicit 

attitudes. Therefore many external factors were not taken into account. One of these factors is 

trust. It has been found in several other studies that trust is a major factor in the acceptance in 

the case of a siting decision for example. Therefore no conclusions can be drawn regarding 

the future siting of a fusion reactor. But, first of all this was not the intention of this research 

and besides, siting of a fusion reactor is still far away and the amount of trust could show ups 

and downs over a period of 20 years. Further research however should take trust into account 

to increase predictability of fusion. 

In addition to this, measures of behavior were not formulated well and therefore during the 

analysis one item was used for intention towards behavior and one item for information

search intention. These measures are consequently not very reliable and more research is 

needed. On the other hand, the items were only included as additional explorative items and 

the results do suggest that intentions are more related tot the explicit level compared tot the 

implicit attitude level. 

Another limitation in this study was the sampling of participants. Most participants possessed 

a high educational level. Therefore they might have been more environmentally concerned 

(Dunlap et al., 2000), more interested in fusion or more able to process the information that 

was provided. More research is needed to determine the effect of this educational level. 

This research was done in an experimental setup, meaning that many variables were 

controlled for. Whether these results would have been obtained in another situation (e.g. a 

situation in which participants would have enough time to read and think about the subject, or 

a situation in which motivation was lower and participants would not have chance of winning 

a voucher of 20 euro' s) remains unknown. 

In this research no personalized IAT was used and it was assumed that this would not be 

necessary in the case of a new technology. In the case of a new technology it is suspected that 

no distinction can be made between personal and extra personal association. because no 

associations are personalized before. However, because no personalized IA T was used, no 

final conclusion can be made regarding this speculation and further research is needed. In the 

next chapter, the final conclusions are given and more recommendations are provided for 

further research and regarding the use of these findings. 
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Chapter 8 Conclusions & Recommendations 

This chapter is the final chapter of this report. First the results are compared to the hypotheses 

(and the goals and problem definition). Second, some recommendations for further research 

and a communication strategy are stated. The report finishes with some final remarks. 

8.1 Conclusions 

First of all it was hypothesized that the semantic connection between nuclear fission and 

nuclear fusion causes more negative attitudes toward fusion. On the implicit level it has been 

shown that attitudes toward fusion were lower in the case that fusion and fission were 

connected semantically. On the explicit level however, attitudes showed the opposite effect. It 

is suspected however, based on earlier studies, that until attitudes toward fusion are strong 

explicit attitudes vary more than implicit attitudes. The explicit attitudes will, when no new 

information is provided, change according to the implicit attitudes. Therefore the final 

conclusion on this hypothesis is that the semantic connection between nuclear fission and 

nuclear fusion results in a more negative evaluation of fusion, compared to the case where no 

apparent semantic connection is generated. 

On the next hypothesis, which stated that information framed within a positive context causes 

more positive attitudes than information framed within a negative context, a different 

conclusion can be drawn. Especially from the explicit measure it seems that fusion is 

evaluated more positive by participants who were comparing fusion with nuclear fission. This 

in contrary to the hypothesis which would suggest that fusion in a context of solar power 

would yield more positive attitudes. In addition to this, the combination of fusion energy and 

a context of nuclear fission yielded the most positive attitudes of all. Therefore the hypothesis 

can be rejected. Instead of framing fusion as being a sustainable energy source, comparing 

fusion to fission seems to be a better way to indicate the differences between the two energy 

sources instead of creating associations that link fusion to fission. 

The next hypothesis stated that on the implicit level no contrast effect can occur, only an 

assimilation effect, because of the nature of underlying associations. There is no evidence that 

can validate or reject this hypothesis; on the semantic manipulation an assimilation effect was 

found, but on the context manipulation an indication of a contrast effect was found. Further 
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research should further investigate this finding. No other variables determined the effect of 

the manipulations. Therefore, no proof was found for the hypothesis that more knowledge or 

involvement (partly) determined the effect of the manipulations. 

The goal of this research was to provide an overview of the effects of future information 

providing strategies on public attitudes toward fusion and give an indication about whether 

the public will accept the technology. According to this research, fusion is accepted by the 

public in this stage. However whether it will be accepted during future siting of a reactor for 

example is unknown and also when something happens, it might not be accepted anymore. 

Some communication strategies can also induce less positive attitudes so the type of strategy 

should be carefully considered before implementing. 

The term 'nuclear fusion' causes people to generalize fusion and fission, while explaining 

fusion in a context of fission causes the public to compare fusion and fission. In a comparison 

of fusion and solar power, fusion is seen as more negative. 

Another goal was to provide some new data to the research field of implicit attitudes. This 

research has shown implicit research using an implicit association test with one dimension. 

Furthermore regarding context effects, implicit and explicit attitudes showed opposing 

context effects. In the field of acceptance of new technologies, it has been shown that in the 

case of a new technology associations can be derived from connected technologies. 

To conclude, this research has provided some useful results, but it has to be extended to 

provide more insight in social acceptance of fusion in the future. In the following part some 

suggestions are made for further research. 

8.2 Recommendations 

To conclude this research, several recommendations will be provided for future research. 

Besides, several recommendations will be given about in what way a communication strategy 

could prevent that negative associations between fusion and fission are made. The first part 

will concern methodological recommendations. 
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8.2.1 Further research 

In this study, trust was not taken into account. As Huijts et al. (2007) indicate, trust is a major 

factor in determining public acceptance. In further research it is suggested that this factor 

should be taken into account to get a better image of how fusion is perceived and how future 

siting is accepted. Furthermore, other behavioral measures should be used. The conclusions 

that can be drawn from these measures are limited. Spontaneous measures of behavior could 

be included for example, extending the implicit-explicit-behavior relationship. 

It also remains unclear how extra-personal and personal associations influence the attitude 

measure in the case of a new technology and therefore a new attitude object. In an early stage, 

where no attitudes have been created yet, no associations are personalized and therefore a 

personalized IAT would yield no other results than a normal lAT. However, further research 

should indicate whether this suggest is valid; e.g. by comparing the normal SC-IAT and a 

personalized SC-IA T on a new attitude object. 

No statistical evidence was found of the suggested implicit context effect (neither the 

hypothesized assimilation effect nor a contrast effect). However the results did show an effect 

that resembled a certain contrast. This is an interesting result in light of the nature of the 

implicit attitude and is interesting for further research. Overall, the extent to which weaker vs. 

stronger implicit and explicit attitudes are influenced by the context deserves attention. 

8.2.2 Communication strategy 

As mentioned earlier in this report, the main goal of this research was to indicate in what way 

attitudes toward a new technology (fusion) are formed. Results indicated that the name fusion 

energy yielded more positive attitudes than the term nuclear fusion and that not a positive but 

a context of nuclear fission resulted in the most positive attitudes toward fusion. However, 

using these results should be submitted to an in-depth consideration. Use of the results could 

have the desired effect, but it could also tum the other way in the long term or the short term. 

Therefore it is not recommended to use these results as a simple tool box, but to acknowledge 

how attitudes are created. An attitude, and therefore a part of acceptance, is created by means 

of knowledge, experience, and opinions of people who are trusted. From this research it 

seams that initial attitudes are also formed based on associations from the context and from 

other technologies. Therefore the recommendation regarding a communication strategy, 

following the reasoning in this report, is to compare fusion and other technologies like nuclear 

fission in order to enable the public to form an elaborated attitude towards fusion. 
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8.3 Final remarks 

It has not been the intention of this research to attempt to influence the public and it is not the 

intention of this report to provide a toolkit which can be used to steer people in a certain 

direction. Therefore it has been recommended not to use the results as a toolbox, but to 

include the public in the development of fusion and to provide clear and distinct information 

about fusion and to compare it with other technologies. I hope that these recommendations are 

used and that the results of this study are used in a responsible way. 

This report is concluded by providing the reader with an overall answer regarding the title of 

this thesis, whether fusion is accepted: At this moment, fusion seems to be accepted by the 

public but whether this pattern will remain or whether another pattern will arise in the future 

is unknown. 
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Abbreviations, Concepts, Words 

and Statistics 

Several explanations are derived from (Smith et aI., 2(03) and (Field, 2(05). 

Ancova 

Assimilation 

Association 

Attitude 

Beliefs 

Construct 

Context effect 

Analysis of Covariance. This statistical test tests whether certain 

factors have an effect on the outcome variable after removing the 

variance for which quantitative predictors (covariates) account. The 

inclusion of covariates can increase statistical power because it 

accounts for some of the variability. 

Context effect in which there exists a positive relation between the 

attitude object and the context in which this object is placed; the 

attitude object is evaluated more positive in the case that the context 

in which the object is placed is also more positive. 

Mental link between two concepts 

Favorable or unfavorable evaluation of an object, a person or a 

situation, based on beliefs about this object, person or situation. 

Construct implying a psychological state in which an individual 

holds a certain proposition to be true. 

Psychological term indicating an object which only exists in 

someone's mind, like an attitude or belief. 

Effect where the context ('environment') influences the evaluation of 

an attitude object. 
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Contrast A context effect or a statistical difference between means; 

Counter-attitudinal 

Correlation 

Covariate 

D-score 

Dependent variable 

Explicit attitude 

Extra-personal 

association 

Context effect in which there exists a negative relation between 

the attitude object and the context in which this object is placed; 

the attitude object is evaluated less positive in the case that the 

context in which the object is places is more positive. 

The difference between the means of two variables or groups of 

variables. 

Information that is opposed to someone's own attitude 

Correlation describes whether two variables are independent, or 

related to each other. It determines the strength and direction of a 

linear relationship between these two variables (see r). 

Covariate is a secondary variable that can affect the relationship 

between the dependent variable and other independent variables of 

primary interest. 

An algorithmic transformation ofIAT data, in this case SC-IAT data. 

The score describes the extend to which the attitude object is 

associated with the category good and the category bad. A positive 

score indicates an overall positive implicit attitude while a negative 

score indicates an overall negative implicit attitude. 

Outcome variable, a variable that is not manipulated by the 

experimenter but depends on the independent variables, the variables 

that have been manipulated by the experimenter. 

Attitude which has been created by means of conscious thought and 

cognition. It contains positive and negative associations concerning 

an attitude object, as well as a personal assignment of value judgment 

to these associations. Some can be rejected, others can be adopted. 

An association that does not agree with one's own attitude. 
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Result of a statistical f-test. It is the ratio of the average variability in 

the data that a given model can explain to the average variability 

unexplained by that same model. It is used to test for overall 

differences between group means in experiment. In this case it is the 

result of the ANCOV A. 

Gut-feeling An intuition, a sensing that is beyond the conscious understanding. 

IAT Implicit Association Test, which is a measure to measure implicit 

attitudes. 

Independent variable Predictor variable. It is the variable that is manipulated during an 

experiment. It's value does not depend on another variable, but it is 

used to influence or predict a dependent variable in a certain way. 

Implicit attitude 

Interaction effect 

M 

Main effect 

Manipulation 

An attitude that is formed quickly, based on a sum of all associations 

one has with a certain attitude object. 

The combined effect of two or more predicting variables 

(independent variables) on a dependent variable 

Mean value, a simple value of the center of the distribution of all 

scores. 

The effect of an independent (predictor) variable on a dependent 

(outcome) variable. 

The altering of an object or information within an experiment, in 

order to create a different outcome. The independent variables are 

changed with the goal to induce different values on the dependent 

variables 
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Mediation Model that seeks to identify and explicate the mechanism that 

underlies an observed relationship between an independent variable 

and a dependent variable via the inclusion of a third explanatory 

variable, known as a mediator variable. 

Mixed design 

NEP 

NGO 

p 

Experimental design incorporating two or more independent 

variables and at least one of them is manipulated among different 

participants and at least one of them is manipulated for the same 

participants. In this research attitude was a within manipulation 

(same participants had both manipulation levels) and semantics and 

context was manipulated between participants. 

New Ecological Paradigm, measures environmental orientation. 

Non-Governmental Organization 

p-value, the probability of obtaining a result at least as extreme as the 

one that was actually observed, assuming that the hypothesis is true. 

In this research, a p-value of 0,05 indicates a chance of 95% that the 

means of the groups that are compared are different from each other. 

Personal Association An association that agrees with one's attitude. 

Pooled standard 

deviation 

Population 

Prime 

A way to find an estimate of the population standard deviation given 

several different samples taken in different circumstances where the 

mean may vary between samples but the true standard deviation is 

assumed to remain the same. 

Collection of units to which a researcher want to generalize a set of 

findings. 

A manipulation designed to activating parts of particular 

representations or associations in memory just before carrying out an 

action or task. 
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Sample 

SC-IAT 

SD 

SE 

Semantics 

t 

Variance 
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Pearson correlation coefficient or effect size; 

Pierson correlation coefficient is a common measure of the 

correlation between two variables. It reflects the relationship 

between to variables and it ranges from -1 to + 1. A -1 means that 

there is a perfect negative linear relationship between the 

variables, + 1 means that there is a perfect positive linear 

relationship and 0 means that the variables are independent. 

Effect size is an objective and standardize measure of the 

magnitude of an observed effect. 

A collection of units, part of a population, used to find truths about 

the population. 

Single Category IAT, a measure to measure implicit attitudes toward 

one category (instead of two categories which is done by means of 

the IAT). 

Standard Deviation, an estimate of the average variability of a set of 

data measured in the same units of measurements as the original data. 

It is the square root of the variance. It measures how widely spread 

the values in a data set are. 

Standard Error, the standard deviation of the sampling distribution. A 

large value indicates that a statistic from a given sample may not be 

an accurate reflection of the population from which the sample came. 

Semantics is the study of meaning in communication. Relationships 

between words are placed in a semantic network and this is used to 

interpret new, similar words. 

result of a statistical t-test, which is used to test whether the 

difference between two means are significantly different from zero. 

Estimate of the average variability of a set of data. 
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Appendix B Nuclear Fission Text (dutch) 

Veei elektrische energie wordt geproduceerd door middel van verbranding. Verbranding is 

een chemische reactie waarbij de atomen in de brandstof samen met zuurstof uit de lucht 

nieuwe mo1eculen vormen. De atomen vormen nieuwe, stabielere combinaties, en daar komt 

energie bij vrij. 

Een dergelijke herordening is ook mogelijk tussen de elementaire deeltjes - protonen en 

neutronen - in de kern van atomen. Omdat de krachten in een atoornkern veel sterker zijn dan 

de chemische krachten tussen atomen onderling, is de energie die bij zulke atoomreacties 

vrijkomt veel groter dan de energie die vrij komt uit een kilo chemische brandstof. Hierdoor 

heeft een elektriciteitscentrale die dit principe gebruikt maar weinig brandstof nodig. 

Brandstof in een hoeveelheid ter grootte van een golfbal is al krachtig genoeg om evenveel 

energie op te wekken als twintig treinwagons vol met steenkool. 

Het principe van een kerncentrale is redelijk eenvoudig. Brandstofstaven van uranium worden 

in het centrale deel van de reactor geplaatst (zie het plaatje rechts). Dit uranium is instabiei, 

of wei radioactief. De staven worden heet door kernreacties, en staan via een warmtewisselaar 

hun warmte af aan water, zodat stoom wordt gevormd. De stoom drijft een stoomturbine aan, 

die een generator aandrijft, die op zijn beurt elektriciteit genereert. 

Verwisselen van een staaJ splijtstoJ in een kerncentrale 
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In diverse landen wordt kemenergie op grote schaal toegepast. In Nederland is dat niet het 

geval: Nederland heeft maar e_'E9_ kemcentrale. Hier onder ziet u een foto van de enige 

Nederlandse kemcentrale te Borsse1e. De brandstof die nodig is voor kemsplijting, uranium, 

wordt in mijnen gewonnen in de vonn van uraniumerts. Deze uraniumerts moet worden 

'opgewerkt' voordat het gebruikt kan worden in een centrale. 

Een van de problemen van kemenergie is dat de eindproducten van een kernreactie zelf ook 

radioactief zijn. Deze afvalstoffen moeten heel behoedzaam worden behandeld, en worden 

opgeslagen op een plek waar ze gedurende lange tijd (soms wei tienduizenden jaren) niet 

met het milieu in aanraking kunnen komen omdat er anders rampzalige gevolgen kunnen 

optreden. In Nederland wordt dit afval opgeslagen bij de Covra in Borssele. Op dit moment 

den ken sommige wetenschappers dat stabiele geologische fonnaties, zoals ondergrondse 

zoutgrotten, als veilige opslagplaatsen kunnen dienen. Andere partijen denken hier echter 

heel anders over. 

Een ander probleem is dat je met de grondstoffen voor kemenergie, zoals uranium, ook 

kernwapens kunt maken. 

In het verieden zijn er ook een aantal problemen geweest met betrekking tot kernenergie. 

Denk bijvoorbeeld aan de ongelukken bij Tsjemobyl of Three Mile Island. Hierdoor zijn veel 

mensen bezorgd over de risico's van kemenergie. 
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Appendix C Electricity Text (dutch) 

Elektriciteit is de meest flexibele vorm van energie - het kan voor vrijwel aile toepassingen 

worden gebruikt. Op de plek waar elektriciteit wordt gebruik worden geen lawaai en 

afvalstoffen geproduceerd, en bovendien heb je geen brandstoftank nodig om je computer of 

stereo-installatie van energie te voorzien. Elektriciteit is er op het moment dat je het nodig 

hebt, en in de vorm waarin je het wilt hebben. 

Maar er zijn ook nadelen. Omdat elektriciteit centraal wordt opgewekt, is er een duur 

landelijk distributienetwerk nodig om de elektriciteit naar een huis te brengen, waarvan de 

hoogspanningsmasten het meest zichtbare onderdeel vormen. Hierdoor gaat gemiddeld 10% 

van de energie verloren. Bovendien is het moeilijk elektriciteit in grote hoeveelheden op te 

slaan. am een redelijke hoeveelheid elektrische energie op te slaan, heb je grote, zware 

accu's nodig, wat elektriciteit meestal niet geschikt maakt voor gebruik in transport. Treinen 

lossen dit probleem op met bovenleidingen, die in feite functioneren als extreem lange 

verlengsnoeren. 

Wereldwijd neemt het gebruikt van elektriciteit razendsnel toe. Onderzoekers voorspellen dat 

het elektriciteitsgebruik tussen 2002 en 2030 zal verdubbelen, en dat de snelste groei plaats 

zal vinden in ontwikkelingslanden. Op dit moment heeft een kwart van de wereldbevolking 

nog geen toegang tot elektriciteit. 

Het grootste deel van aile elektrische energie wordt gemaakt met een elektrische generator. 

In een elektrische generator draait een spoel in een magnetisch veld. Het veranderend 

magnetisch veld drijft een elektrische stroom door de spoel en door een extern circuit, waar 

de stroom iets nuttigs kan doen, zoals een lamp laten branden. Er zijn veel verschillende 

manieren om de generator te laten draaien, bijvoorbeeld door middel van een stoomturbine. 

Bij een stoomturbine wordt een warmtebron gebruikt om stroom te maken. De stoom wordt 

dan door een stoomturbine geleid, die aan een elektrische generator vastzit. De generator 

produceert dan elektriciteit. 

Hier rechts ziet u het principe van een elektriciteitscentrale. Vuur in de ketel verhit het water 

tot stoom, dat vervolgens door een stoomturbine stroom. De stoomturbine drijft een 
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elektrische generator aan. De geproduceerde elektriciteit wordt gedistribueerd via het 

elektriciteits- netwerk. 

Het proces binnen een elektricireicscentrale: het vuur in de ketel verhi! hel water tot stoom. 

dat vervolgens door een stoomturbine stroomt. De stoomturbine drijft een elektrische 

generator aan. De elektriciteit wordt gedistribueerd via een elektriciteitsnefl.Verk. 

Het door elektriciteitscentrales opgewekte vennogen wordt verspreid door het 

elektriciteitsnetwerk, een groot landelijk netwerk van kabels. Het is belangrijk om te beseffen 

dat de elektriciteit niet wordt opgeslagen in het netwerk: elk klein beetje elektrisch vermogen 

dat je op een gegeven moment gebruikt is een fractie van een seconde eerder opgewekt in 

een centrale. Dat betekent dat zodra je het licht aandoet in een kamer, er ergens een 

elektriciteitscentrale een beetje harder moet gaan draaien. De meeste landen hebben een 

aantal grote elektriciteitscentrales, die elk 500 tot 1.000 MW elektriciteit opwekken. Hiennee 

kunnen 12,5 miljoen tot 25 miljoen lampen van 40 Watt non-stop branden. 

De eerste gloeilamp. gemaakt door Edison 
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Appendix D Solar Power Text (dutch) 

Ais de zon schijnt, ontvangt elke vierkante meter die loodrecht op het invallende zonlicht 

staat ongeveer 1000 watt zonne-energie. GemiddeJd over een jaar is dat 100 tot 200 watt per 

vierkante meter, afuankelijk van de locatie op aarde. Iedereen die wei eens met een 

vergrootglas in de zon heeft geexperimenteerd, weet dat er veel warrnte zit in zonlicht: zelfs 

met een klein vergrootglas kun je gemakkelijk iets in brand steken. 

Zonder de zon zou er geen leven op aarde kunnen bestaan. Fotosynthese zou voor planten 

niet meer mogelijk zijn, en het zou veel te koud worden om op aarde te kunnen verblijven. 

De kracht van de zon is dus groot en het potentieel van zonne-energie is enorrn. De hele 

aarde zou geheel voorzien kunnen worden van schone elektriciteit. Een bijkomend voordeel 

van zonne-energie is dat het onuitputtelijk is. Zolang de zon bestaat, kan de mensheid over 

elektriciteit beschikken. 

Zonlicht kan worden omgezet in elektriciteit met behulp van foto-voltaische panelen, meestal 

zonnepanelen genoemd. Deze panelen worden gemaakt van halfgeleiderrnateriaal (silicium): 

het zelfde materiaal dat wordt gebruikt om computerchips van te maken. Zonlicht bestaat uit 

kleine pakketjes energie, de fotonen. Als fotonen een zonnecel raken, wordt hun energie 

overgedragen aan de elektronen in het halfgeleidermateriaal. De zonnecellen zetten ongeveer 

10-15% van het invalJende zonlicht om in elektriciteit. In Nederland produceert een 

zonnepaneel van e_'E9_ vierkante meter ongeveer 80 kWh per jaar, in Zuid-Europa is dat 140 

kWh, dus de locatie is erg belangrijk. Op dit moment wordt nog maar minder dan 0,01 % van 

de elektriciteit op aarde opgewekt met zonne-energie. Dit percentage groeit echter snel. 

Zonnestralen 
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Het voordeel van zonne-energie is dat er geen C02 wordt geproduceerd. Daarnaast biedt 

zonne-energie het voordeel dat de energie die het zonlicht bevat, al vrij is. Dit betekent dat 

er geen extra warmte wordt geproduceerd wat dus ook niet bijdraagt aan de opwanning van 

de aarde. Zonne-energie is dus 'schoon' en goed voor bet milieu . 

Omdat zonne-energie nu nog zo duur is, doen wetenschappers hun uiterste best om 

zonnecellen efficienter en goedkoper te maken. Op dit moment worden zonnecellen nog 

vooral gebruikt op plaatsen waar men niet zo makkelijk op een andere manier aan elektriciteit 

kan komen, bijvoorbeeld op het platteland in ontwikkelingslanden, of op zee. Maar ook in de 

gebouwde omgeving verschijnen steeds meer zonnepanelen op daken en steeds meer 

projecten op het gebied van zonne-energie worden uitgevoerd . Een voorbeeld van deze 

projecten is bet dak van het oceanium blijdorp in Rotterdam (zie de foto biernaast) . De 

resultaten van deze projecten zijn veelbelovend voor de toekomst. 

Oceanium Blijdorp in Rotterdam 
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Appendix E Fusion Text (dutch) 

Fusie is het proces waarbij twee atom en samensmelten. Daarbij komt een enorme 

hoeveelheid energie vrij. Fusion is de energiebron van de sterren, en is daarom de meest 

voorkomende energiebron in het heelal. In de ster die het dichtst bij de aarde ligt 

bijvoorbeeld fuseert 600 miljoen ton van het lichtste element, waterstof, tot helium. Bij dit 

fusieproces komen geen broeikasgassen vrij. 

Om de energie uit fusie ook direct op aarde te kunnen gebruiken, onderzoeken 

wetenschappers hoe je een fusiereactor kunt bouwen. Zo'n reactor be staat uit een autoband

vormig vat (ook weI torus genoemd), waarin een gas wordt verwarmd tot de ongelofelijk hoge 

temperatuur van 150 miljoen graden, tien maal zo heet als het binnenste van de zon. Bij die 

hoge temperatuur smelten de atomen samen. De warmte die vrijkomt bij het fusieproces 

wordt gebruikt om stoom te maken, en de stoom drijft een stoomturbine aan. De verwachting 

is dat een toekomstige fusiereactor ongeveer 1.000 MW elektriciteit zal produceren, net 

zoveel als een grote modeme elektriciteitscentrale. 

Bier rechts ziet u het principe van een fusiecentrale. Door het fusieproces ontstaat een enorme 

hoeveelheid warmte. Deze warmte wordt gebruikt om stoom te produceren. Deze stoom drijft 

vervolgens een stoomturbine aan, die op zijn beurt weer een generator aandrijft, die de 

beweging omzet in elektrische energie. Dit wordt vervolgens door middel van het 

elektriciteitsnetwerk verspreid. 

elektriciteitsnetwerk Supergeleidende magneten 

tritiumproductie 
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De brandstoffen die op aarde voor Fusie gebruikt gaan worden zijn deuterium en tritium, 

twee zogenaamde isotopen van waterstof. Deuterium (zware waterstot) is aanwezig in 

gewoon zeewater: iedere kubieke meter zeewater bevat 33 gram deuterium. Tritium is een 

radioactieve stof met een halfwaardetijd van 12,3 jaar, zodat het niet in de natuur voorkomt. 

Dit tritium wordt binnen de fusiereactor gemaakt uit lithium, een veel voorkomend metaal. In 

het fusieproces smelten een deuterium-kern en een tritium-kern samen tot een helium-kern en 

een los neutron. 

In fusiebrandstof zit heel veel energie: het deuterium in een liter zeewater, samen met een 

even grote hoeveelheid tritium, bevat evenveel energie als 340 liter benzine. Een typische 

fusie centrale van 1.000 MW zou daardoor elk jaar slechts 250 kg brandstof nodig hebben. En 

er zit genoeg deuterium in de wereidzeeen om ons miljoenen jaren van energie te voorzien. 

Maar het is niet eenvoudig om een zon op aarde te maken. Als je een gas heel heet maakt 

laten de elektronen los van de atoornkernen, om samen een gas van geladen deeltjes te 

vormen dat plasma wordt genoemd. Omdat de wand van het plasmavat veel kouder is, mag 

het plasma de wand niet raken, omdat het plasma anders te veel zou afkoe\en. Daarom wordt 

het plasma op zijn plek gehouden met sterke magneetvelden. Op dit moment wordt er 

wereldwijd onderzoek gedaan naar kemfusie, en het is de verwachting dat fusie in de tweede 

helft van deze eeuw flink kan gaan bijdragen aan de energievoorziening. Het volgende grote 

wetenschappelijk fusie-experiment, ITER, zal naar verwachting rond 2017 in bedrijf worden 

genomen. ITER, die bij het Zuid-Franse Cadarache gebouwd zal worden, moet aantonen dat 

fusie technisch en wetenschappelijk mogelijk is. 

Hoewel het fusieproces zelf geen afval oplevert, wordt de binnenkant van het reactorvat wei 

radioactief door de neutronen die bij het fusieproces vrijkomen. Aan het eind van de 

levensduur moeten die onderdelen ongeveer 50-100 jaar worden opgesJagen, waarna het 

materiaal kan worden hergebruikt of als gewoon afval opgeslagen. Ais de goede 

bouwmaterialen worden gekozen, maken fusiecentrales dus geen Jang\evend radioactief afval. 
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Appendix F Objective Knowledge Measure 

Fusion (dutch) 

Vraag 1 : Welke stof in het fusie proces kan gewoon uit zeewater worden gehaald? 

A: Deuterium 

B: Tritium 

C: Lithium 

D: Helium 

V raag 2 : Hoeveel brandstof heeft een typische fusie centrale van 1000 MW jaarlijks nodig? 

A: 150kg 

B: 200 kg 

C: 250 kg 

D: 300 kg 

Vraag 3 : Waar worden de grote supergeleidende magneten In een fusie centrale voor 

gebruikt? 

A: Voor het aantrekken van stralingsdeeltjes 

B: Voor het op zijn plek houden van het plasma 

C: Voor het zuiveren van de stoom 

D: Voor de productie van elektriciteit 

Vraag 4 : Hoe lang blijft een fusie centrale radioactief? 

A: 0 - 50jaar 

B: 50 - 100 jaar 

C: 100 - 150 jaar 

D: 150 - 200 jaar 

Vraag 5: Wanneer wordt naar verwachting het fusie experiment ITER in gebruik genomen? 

A: 2013 

B: 2015 

C: 2017 

D: 2019 
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Vraag 6 : Wat ontstaat onder andere bij het samensmelten van tritium en deuterium? 

A: Waterstof 

B: Lithium 

C: Protonen 

D: Helium 

V raag 7 : Komt tritium voor in de natuur? 

A: Nee, de halfwaardetijd is te klein 

B: Nee. tritium is een synthetische stof 

C: Ja, tritium is een stabiele stof 

D: Ja, zowel tritium als deuterium komen voor in de natuur 

Hoe hoog wordt de temperatuur van het plasma in een fusie reactor vat (ook weI torus 

genoemd)? 

A: 150 duizend graden 

B: 1,5 miljoen graden 

C: l5 miljoen graden 

D: 150 miljoen graden 
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Nuclear Fission (dutch) 

Vraag 1 : Wat wordt als brandstof gebruikt in een KemcentraIe? 

A: Plutonium 

B: Uranium 

C: Waterstof 

D: Helium 

Vraag 2 : Hoe wordt deze brandstof in de reactor gedaan? 

A: De brandstof wordt zo in de reactor gegooid 

B: In de vonn van een grote bol 

C: In de vonn van een staaJ 

D: In de vonn van een plasma 

Vraag 3 : Waar staat de enige Nederlandse kemcentraIe? 

A: Dmuiden 

B: Borssele 

C: Eemshaven 

D: Maastricht 
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Measure 

Vraag 4:Een stuk uranium ter grootte waarvan is al krachtig genoeg om net zoveel energie op 

te wekken als 20 treinwagons vol met kolen? 

A: Goljbal 

B: Tennisbal 

C: Voetbal 

D: Basketbal 

Vraag 5: Hoe lang moet kemafval soms weI opgeslagen worden? 

A: Honderden jaren 

B: Duizenden jaren 

C: Tienduizenden jaren 

D: Honderdduizenden jaren 
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Vraag 6: Kan uraniumerts direct worden gebruikt in een kerncentrale? 

A: Ja, uraniumerts kan direct gebruikt worden. 

B: Ja, zowel uraniumerts als plutoniumerts kan gebruikt worden. 

C: Nee, uraniumerts is geen grondstof voor een kernreactie. 

D: Nee, uraniumerts moet nog opgewerkt worden. 

Vraag 7: Waar wordt in Nederland radioactief afval opgeslagen? 

A: Covra 

B: Covar 

C: Crova 

D:Corva 

Vraag 8: Waar willen kernenergie wetenschappers het radioactieve materiaal opslaan? 

A: In Uranium mijnen 

B: In de Ruimte 

C: In de Diepzee 

D: In Zoutgrotten 
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AppendixH Objective Knowledge 

Electricity (dutch) 

Measure 

Vraag 1 : Hoeveel energie gaat er verloren bij de distributie van elektriciteit? 

A: 5% 

B: 10% 

C: 15% 

D:20% 

Vraag 2 : Waar zal de grootste groei van energiegebruik plaatsvinden? 

A: Europa 

B: Arnerika 

C: China 

D: Ontwikkelingslanden 

Vraag 3 : Hoe groot zal het energie gebruik zijn in 2030, in vergelijking tot 2002? 

A: 50% (gehalveerd) 

B: 100% (even groot) 

C: ] 50% (anderhalf keer zo groot) 

D: 200% (twee keer zo groot) 

Vraag 4: Hoeveel procent van de wereldbevolking heeft nog geen toegang tot elektriciteit? 

A:5% 

B: 15% 

C:25% 

D: 35% 

Vraag 5 : Hoeveellarnpen van 40 Watt kunnen non-stop branden op een elektriciteitscentrale 

van500MW? 

A: 10 Miljoen 

B: 12,5 Miljoen 

C: 17,5 Miljoen 

D: 25 Miljoen 
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Vraag 6 : Wat drijft in een elektriciteitscentrale de generator aan? 

A: De turbine 

B: Stoom 

C: Electriciteit 

D: Warmte 

V raag 7 : Wie heeft de eerste gloeilamp gemaakt? 

A: Watt 

B: Newton 

C: Edison 

D: Ampere 

Vraag 8 : Waar komt de elektriciteit die je thuis huit het stopcontact haalt vandaan? 

A: Direct uit de centrale 

B: Vanuit de opslag (Accu) 

C: Uit de buffer van het net 

D: Vanuit het transformatorstation 
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Solar Power (dutch) 
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Measure 

Vraag 1 : Hoeveel energie ontvangt een vierkante meter aardoppervlak gemiddeld per jaar? 

A: 50-100 Watt 

B: 100-200 Watt 

C: 200-400 Watt 

D: 400-800 Watt 

V raag 2 : Waarin wordt zonne-energie omgezet in elektriciteit? 

A: In zonnepanelen 

B: In zonnecollectoren 

C: In photopanelen 

D: In photocollectoren 

Vraag 3: Wat is het gangbare rendement van zonnepanelen? 

A: 5-10% 

B: 10-15% 

C: 15-20% 

D: 20-25% 

Vraag 4: Welk deel uit zonlicht zorgt voor energieopwekking? 

A: Protonen 

B: Neutronen 

C: Elektronen 

D: Fotonen 

Vraag 5: Waar worden zonnepanelen grotendeels van gemaakt? 

A: Absorberend materiaal 

B: Glas 

C: Halfgeleider materiaal 

D: Kunststof 
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Vraag 6 : Hoeveel energie produceert een zonnecel van 1 vierkante meter gemiddeld per jaar 

in Nederland? 

A: 80 kWh 

B: 100 kWh 

C: 120 kWh 

D:140kWh 

Vraag 7 : Waarom als zonne-energie zo veelbelovend is, staat het land nog niet vol met 

zonnepanelen? 

A: Greenpeace is tegen zonne-energie 

B: Ze zijn veel te zwaar voor op een normaal dak 

C: Er zijn niet genoeg grondstoffen om deze panelen te maken 

D: Het is nog te duur 

Vraag 8 : Welk percentage van de elektriciteit op aarde wordt momenteel geproduceerd door 

zonne-energie? 

A: 0,0001% 

B: 0,001% 

C: 0,01% 

D: 0,1% 
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AppendixJ Attitude measures (dutch) 

Deze maat is gebaseerd op de 'bipolair semantic differentiation' schaal. 

Ik vind (fusielzone-energielkernsplijting): 

Negatief Neutraal Positief 

ODD 0 000 
Stecht Neutraal Goed 

ODD 0 000 
Kansloos Neutraal Kansrijk 

ODD 000 
Onaanvaardbaar Neutraal Aanvaardbaar 

000 000 
Onaantrekkelijk Neutraal Aantrekkelijk 

0 0 0 0 0 0 
Zinloos Neutraal Zinvol 

0 0 0 0 0 0 0 
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AppendixK SC-IATwords (dutch) 

Fusion words: 

Deuterium, Tritium, Magneetveld, Plasma, ITER, Helium, Waterstof, Lithium, Fusie, Toms, 

Technologie, Elektriciteit, Zeewater, Samensmelten, Energie, Plasma, Reactor, Stoom, 

Centrale, Neutronen, Warmte. 

Good words: 

Lachen, Vrolijk, Plezierig, Vriendelijk, Geweldig, Schitterend, Mooi, Blij, Liefde, Magnifiek, 

Vrede, Uitstekend, Vreugde, Prachtig, Uitmuntend, Leuk, Opgewekt, Gelukkig, Aardig, 

Tevreden, Voortreffelijk, Voldoening, Heerlijk, Fraai, Zalig, Zegevieren, Aardig, Grappig, 

Aangenaam, Prettig. 

Bad words: 

Onplezierig, Vuil, Boos, Afschuw, Haat, Onmenselijk, Huiveringwekkend, Vemietigen, 

Vijandelijk, Angst, Verschrikkelijk, Vemederen, Pijnlijk, Tragisch, Ellendig, Rampzalig, 

Smerig, Verderfelijk, Schandelijk, Walgelijk, Lelijk, Waardeloos, Verdriet, Bedroefd, 

Afschrikwekkend, Agressief, Walgelijk, Onaangenaam, Gemeen. 
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AppendixL NEP-scale (dutch translation) 

De vertaalde NEP-schaal bestond uit de volgende items: 

Vraag 1 : We naderen de limiet van het aantal mensen dat de aarde kan onderhouden. 

Vraag 2 : Mensen hebben het recht de natuurlijke omgeving aan te passen zodat deze voldoet 

aan hun behoeften. 

Vraag 3: Als mensen ingrijpen in de natuur heeft dit vaak desastreuze gevolgen. 

Vraag 4 : Menselijke vindingrijkheid zal ervoor zorgen dat we de aarde NIET onleefbaar 

maken. 

Vraag 5: Mensen maken sterk misbruik van het milieu. 

Vraag 6 : De aarde heeft voldoende natuurlijke hulpbronnen als we maar leren hoe we ze 

moeten ontwikkelen. 

Vraag 7: Planten en dieren hebben net zo veel recht op een bestaan als mensen. 

Vraag 8 : Het ecologische evenwicht is sterk genoeg om opgewassen te zijn tegen de invloed 

van onze modeme industrie. 

Vraag 9 : Ondanks onze speciale vaardigheden zijn wij mensen nog steeds onderworpen aan 

de wetten van de natuur. 

Vraag 10 : De zogenoemde ecologische crisis die de mensheid te wachten staat wordt sterk 

overdreven. 

V raag 11 : De aarde is als een ruimteschip met zeer beperkte ruimte en grondstoffen. 

Vraag 12: Mensen zijn voorbestemd om te heersen over de rest van de natuur. 
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Vraag 13 : Het ecologische even wicht is zeer broos en makkelijk te verstoren. 

Vraag 14: Mensen zullen uiteindelijk genoeg leren over de werking van de natuur om haar te 

kunnen beheersen. 

Vraag 15 : Als dingen doorgaan op de huidige koors zullen we binnen korte tijd een grote 

ecologische ramp meemaken. 

Deze wagen zijn op de volgende schaal getoetst: 

D Grotendeels mee oneens 

D Enigszins mee oneens 

D Neutraal 

D Enigszins mee eens 

D Grotendeels mee eens 



AppendixM Screen prints experiment 

Basic interface 

lU/e 
Te<hnlsche Utrlvt'rsh~1! 
Eindhon'n 
Unl •• ~ltv olT. hnolo~v 

Wclkom 

Welkom bij dit Experiment 

Ah'ast ,neudelijk l>edankt "oor IIW medewerkinl( aau elit t'P",imeut 

trw gege,''''t'! zullen "",1Tollwelijl;: word"'ll>ehaudeld en niet .an derdeu wordt "erslrelct 

DlUk op ENTER 0111 "",der Ie g.a.tL 

SC-IA T interface 

~ 
~ 

Plasma 
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SJecht 
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