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CCS may mitigate climate change 

Climate change challenges society to cut anthropogenic greenhouse gas emissions (IPCC, 

2014). The Paris climate agreement provided countries with a guiding framework for 

reducing these emissions. Yet, the Intended Nationally Determined Contributions (INDCs) 

of countries are unlikely to limit global warming to 2˚C relative to pre-industrial levels. 

Climate actions should instead become more ambitious and prioritize pre-2030 

reductions more strongly (Rogelj et al., 2016). Such ambitions require a portfolio of 

climate change mitigation options, including improved energy efficiency and the 

deployment of various renewable energy technologies (IEA, 2016; IPCC, 2014). 

Leading energy and climate organizations, such as the International Energy Agency (IEA) 

and the Intergovernmental Panel on Climate Change (IPCC),  envision Carbon Capture and 

Storage (CCS) as a key component of an effective climate change mitigation portfolio (IEA, 

2016; IPCC, 2014). CCS is a technology chain with three steps. First, CO2 is captured at a 

large emission source, such as a power plant, oil and gas facility or industrial site. Second, 

CO2 is transported via pipeline or ship to an onshore or offshore storage location. Third, 

CO2 is injected into a rock formation for permanent storage in depleted oil or gas 

reservoirs, deep coal deposits or saline aquifers (Reiner, 2016). Hence, CCS prevents CO2 

from entering the atmosphere and contributing to climate change.  

CCS advocates commonly envision three uses for CCS in climate change mitigation. First, 

using CCS to capture CO2 from industry, such as steel or cement production. These 

industries have limited alternatives to CCS for deep CO2 emission reductions (Leeson, 

Dowell, Shah, Petit, & Fennell, 2017; Onarheim, Mathisen, & Arasto, 2015). Effective 

decarbonisation options need to be developed for these industries as industrial emissions 

account for a major proportion of anthropogenic greenhouse gas emissions (IEA, 2016). 

Developing CCS offers these industries a path forward, which may foster their support for 

deep emission reductions (Meadowcroft, 2009). 

Second, using CCS to capture CO2 from power plants. Least-cost portfolios for climate 

change mitigation commonly include substantial CCS capacity for power generation. 

Excluding CCS from these portfolios requires a deployment boost of renewable energy 

technologies and a phase-out of coal-based power generation. Some organizations argue 

that a 100% renewable portfolio can be realized by 2050 (WWF, 2011). Yet, transforming 
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to a fully renewable portfolio requires substantial changes to energy infrastructures and 

coal-reliant, developing economies  (IEA, 2016).  

Third, combining CCS with bioenergy (BECCS) to remove carbon from the atmosphere. 

Such negative emissions are needed to fulfill the ambitions of the Paris agreement and 

keep global warming below 1.5˚C (IEA, 2016). The concentration of greenhouse gases 

needs to stabilize to restrict global warming after 2050. This stabilization necessitates 

negative emissions because some sources of greenhouse gas emissions will remain, 

especially in agriculture (Strengers, Eerens, Smeets, Van Den Born, & Ros, 2018). BECCS 

has substantial potential for carbon removal, but also requires substantial amounts of 

biomass. This requirement raises concerns about biodiversity, land availability, 

competition with food production and the viability of producing carbon neutral biomass 

(Strengers et al., 2018). 

Despite the usefulness of CCS for climate change mitigation, critics argue that CCS 

legitimizes fossil fuel use and intensifies the fossil fuel lock-in of the energy system. This 

lock-in may impede the replacement of the fossil fuel regime by renewable technologies 

(Stephens, 2014; Unruh & Carrillo-Hermosilla, 2006; Vergragt, Markusson, & Karlsson, 

2011). Yet, governments may overcome lock-in by using CCS to enable radical system 

change, such as change to a hydrogen (Simbeck, 2004) or bio based economy (Vergragt et 

al., 2011). Governments can also minimize the depth of lock-in by pursuing flexible 

technological development. For example, by developing projects with small scales, short 

lead times, low capital intensity, and minor infrastructure requirements (Shackley & 

Thompson, 2012).  

Nevertheless, critics fear that CCS will divert investments and political effort from 

renewable energy technologies and energy efficiency measures (Greenpeace, 2008; 

Stephens, 2014). Investments in renewable energy technologies will indeed drop if CCS 

competes for the same financial resources in subsidy schemes. However, stimulating 

competition between climate change mitigation options may reduce the costs of 

mitigation portfolios (Koelemeijer et al., 2017). Developing a moderate set of technologies 

– including, for example, CCS – also spreads the risk of technological failures, while 

enabling fast learning rates and a critical mass of resources (Torvanger & Meadowcroft, 

2011). These fears may also be unfounded as changes in energy RD&D investments in 
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most countries have so far been driven by other forces than CCS development (Shackley 

et al., 2009; Shackley & Thompson, 2012). Considering the early development stage of 

CCS, it is still too early to tell whether these fears will become reality.  

Developing CCS may become inevitable because society needs to exploit all options in 

their toolkit, given the pertinence of climate change (Meadowcroft, 2009; Pacala & 

Socolow, 2004) and the political complexity climate change mitigation (Hansson & 

Bryngelsson, 2009). 

CCS has received fluctuating political support 

Initially, CCS advocates envisioned CCS as an incremental, end-of-pipe innovation that 

could compete under conventional economic criteria (Raven, Kern, Verhees, & Smith, 

2016). This fit-and-conform narrative resonated politically – especially in countries with 

major fossil fuel exports (Torvanger & Meadowcroft, 2011). The success of the fit-and-

conform narrative lead some governments to perceive CCS first as a backup plan, then as 

a bridging technology and later as inevitable for climate change mitigation (Raven et al., 

2016). This flexibility in interpreting the societal role of CCS allowed divergent actors to 

unite behind a common need for CCS (Hansson & Bryngelsson, 2009). Political support 

for CCS surged after the IPCC published a special report on CCS (Gale, Abanades, Bachu, & 

Jenkins, 2015), resulting in a legal storage framework (the EU CCS directive), G8 leaders 

voicing strong commitments to CCS and the establishment of the Global CCS Institute 

(GCCSI) (IEA, 2016).  

Initial aspirations envisioned two tranches of demonstration projects, followed by global 

rollout in 2025 (Gibbins & Chalmers, 2008). Individual components of the CCS chain were 

deployed successfully: CO2 has been stored at the Norwegian Sleipner project since 1996 

(Torp & Gale, 2004), CO2 has been shipped to Enhanced Oil Recovery (EOR) sites for over 

thirty years (Orr & Taber, 1984) and CO2 has been captured in hundreds of plants 

worldwide (Rochelle, 2009). However, fully integrated CCS power projects, such as the 

Boundary Dam facility in Canada, were developed only recently. Many other 

demonstration projects across Europe, the United States and Australia were aborted or 

are still under construction (Reiner, 2016). Most projects currently in operation use CO2 

for EOR, not for dedicated storage (IEA, 2016). Consequently, CCS has not yet moved 
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beyond the pilot and demonstration phase, lagging far behind initial aspirations (Reiner, 

2016). 

Many demonstration projects struggled with technical challenges, escalating costs 

(Reiner, 2016), and public opposition (Cuppen, Brunsting, Pesch, & Feenstra, 2015; Raven 

et al., 2016). They were abandoned after shifts in political support for CCS (Reiner, 2016). 

In some countries, CCS became politically less attractive once stretch-and-conform 

narratives stressed the need for radical changes to electricity systems and institutions to 

accommodate the implementation of CCS (Raven et al., 2016).  

This pattern of high expectations, followed by disappointment, reflects a typical Gartner 

hype cycle (Arranz, 2016). Yet, recent developments may indicate political support is on 

the rise. Some governments have renewed their ambitions for substantial, near-term CCS 

deployment. For example, the recent coalition agreement of the Dutch government 

stipulates ambitions to reduce 20Mton of CO2 emissions in 2030 by applying CCS in 

industry and waste incineration (35.7% of total reduction ambitions) (Koelemeijer et al., 

2017). Despite valid criticism on the viability of these ambitions, they signal renewed 

interest in CCS. This renewed interest and recovery from disappointment will likely 

benefit from the diversity of societal narratives, technological applications and business 

opportunities that exists for CCS (Van Lente, Spitters, & Peine, 2013). 

Limited public support hampers CCS development 

For CCS to develop into a viable climate change mitigation option, several technical and 

regulatory uncertainties may need to be resolved. Uncertainties remain regarding system 

integration, upscaling capacity, international transboundary issues, long term storage 

safety and liability, and the viability of alternative technological configurations 

(Markusson et al., 2012). However, the development and diffusion of knowledge and the 

building of regulatory frameworks is a strong characteristic of the CCS innovation system 

(van Alphen, Hekkert, & Turkenburg, 2010; Vergragt et al., 2011). Hence, technical and 

regulatory uncertainties can likely be resolved sufficiently, removing them as a barrier to 

CCS deployment (Watson, Kern, & Markusson, 2014). 

A more pressing concern is the limited public support for CCS, which will likely hamper 

its development (de Best-Waldhober et al., 2012; L’Orange Seigo et al., 2014; Upham and 
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Roberts, 2011). In some countries, a lack of public support has already stalled CCS 

deployment (Raven et al., 2016). A lack of public support weakens political support, 

reduces deployment speed and affordability, and may necessitate alternative 

technological configurations and risk governance practices (Watson et al., 2014). 

Advocates often assume that offshore storage is more likely to be supported than onshore 

storage. Although offshore storage has indeed received little opposition, substantial 

contestation may still emerge, especially surrounding the end-of-pipe nature of CCS and 

its competition with renewables for resources (Mabon, Shackley, & Bower-Bir, 2014). 

Public support or acceptance is commonly conceptualized into three dimensions: market, 

community, and socio-political acceptance (Wüstenhagen et al., 2007). Market acceptance 

refers to the role of individual or organizational adopters of a technology. The uncertain 

economic and financial viability of CCS hampers its adoption by firms in industry and 

power generation (Hansson & Bryngelsson, 2009; Markusson et al., 2012). If governments 

aim to deploy CCS, they should actively support market creation and resource 

mobilization (Scott, Gilfillan, Markusson, Chalmers, & Haszeldine, 2012; van Alphen et al., 

2010; Vergragt et al., 2011). 

Community acceptance of CCS refers to the acceptance of siting decisions by local 

stakeholders, such as residents or local government. Local stakeholders have opposed 

CCS onshore demonstration projects, leading to their cancellation. Local opposition to CCS 

deployment occurred, for example, at Barendrecht in the Netherlands (Cuppen et al., 

2015; Terwel, ter Mors, & Daamen, 2012) and Beeskow in Germany (Dütschke, 2011).  

Socio-political acceptance refers to general public support for a technology or for policies 

that foster technological development. Many emerging technologies have uncertain 

impacts, ambiguous societal roles and unfamiliar risks (Rotolo, Hicks, & Martin, 2015). 

These risks and uncertainties can spark controversy and public negativity (Luokkanen, 

Huttunen, & Hildén, 2014; Williams, Macnaghten, Davis, & Curtis, 2017). Consequently, 

their desirability becomes contested (Cuppen, Pesch, Remmerswaal, & Taanman, 2016) 

and public support falters (Gupta, Fischer, & Frewer, 2012). Such controversy and 

opposition is commonplace for many technologies, such as geothermal installations 

(Pellizzone, Allansdottir, De Franco, Muttoni, & Manzella, 2015), wind turbines 

(Wüstenhagen et al., 2007), shale gas extraction (Cuppen et al., 2016), hydropower (Tabi 
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& Wüstenhagen, 2017) or electricity infrastructures (Batel, Devine-Wright, & Tangeland, 

2013). Although community and market acceptance also form major barriers to CCS 

development, we focus on socio-political acceptance and general public opinions in this 

thesis.   

Fostering public support requires public engagement  

Socio-political support may be fostered with public engagement. Public engagement is 

“the practice of involving members of the public in agenda-setting, decision-making, and 

policy forming activities” (Rowe & Frewer, 2005, p. 253). Although public engagement 

may be ineffective or counterproductive under some circumstances, it commonly has 

numerous positive societal benefits (Carpini, Cook, & Jacobs, 2004). For example, 

engagement can unearth budding areas of conflict (Cuppen et al., 2016), shape 

technological trajectories into societally beneficial directions (Stirling, 2008)  and foster 

trust  in governing institutions (Fast & Mabee, 2015). Considering the contested nature of 

CCS, public engagement is key for its development. 

Public engagement can be conceptualized into three dimensions; public communication, 

public consultation and public participation. The primary goal of public communication is 

conveying information rather than seeking feedback (public consultation) or exchanging 

information (public participation) (Rowe & Frewer, 2005). Most engagement practices 

include at least some communication, although conveying information is not the primary 

goal of public consultation or participation. Public communication may include a wide 

range of activities, such as lectures, popular science books or newspaper articles (Bauer 

& Jensen, 2011). We focus on public communication in this thesis. 

Public communication through the media can influence socio-political support 

substantially (Druckman & Bolsen, 2011; Ho, Scheufele, & Corley, 2010; M. C. Nisbet, 

Brossard, & Kroepsch, 2003). Yet, these media effects are conditional on characteristics 

of the audience and social context (Valkenburg & Peter, 2013). For example, citizens may 

ignore messages or media that conflict with their opinions (Feldman, Myers, Hmielowski, 

& Leiserowitz, 2014; Taber, Cann, & Kucsova, 2009). 

Citizens’ opinions about CCS tend to be neutral. For climate change mitigation, they prefer 

renewable energy technologies and energy efficiency measures (de Best-Waldhober, 
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Daamen, et al., 2012; Hobman & Ashworth, 2013; Upham & Roberts, 2011) Citizens’ 

awareness of CCS has grown slightly, but their knowledge of CCS remains poor (Ashworth, 

Wade, Reiner, & Liang, 2015; de Best-Waldhober, Brunsting, & Paukovic, 2012). Because 

citizens are uninformed and undecided, they are relatively susceptible to new information 

(Moutenet, Bédard, & Malo, 2012; ter Mors et al., 2013). Hence, public communication 

may influence socio-political support for CCS substantially. 

Yet, citizens that receive information about CCS become reluctantly supportive at best (de 

Best-Waldhober, Daamen, & Faaij, 2009; Sharp, Jaccard, & Keith, 2009). After being 

informed about various climate change mitigation options, citizens still favor renewables 

and energy efficiency over CCS (de Best-Waldhober, Daamen, et al., 2012; Hobman & 

Ashworth, 2013; Kraeusel & Möst, 2012). Citizens are concerned about the end-of-pipe 

nature of CCS (L׳Orange Seigo, Dohle, & Siegrist, 2014) and its competition with 

renewable energy technologies (Wallquist, Visschers, & Siegrist, 2009). Yet, when they 

are asked to build electricity portfolios for the future, their preferred portfolio tends to 

include CCS (Fleishman, Bruine de Bruin, & Morgan, 2010; Mayer, Bruine de Bruin, & 

Morgan, 2014). Hence, embedding CCS in a portfolio of multiple climate change mitigation 

options may help to foster public support (L׳Orange Seigo et al., 2014). 

Limited grasp of message effects impairs communication 

In public communication, communicators commonly aim to persuade citizens of the 

importance of science and technology (Scheufele, 2013). In this thesis, we focus on such 

persuasive communication. Persuasive communication is defined as “any message that is 

intended to shape, reinforce, or change the responses of another, or others” (Stiff and 

Mongeau, 2016, p.4). Central to this definition is the intention to affect others’ responses. 

For example, communicators may intend to persuade citizens to change their attitude 

toward CCS. Another central tenet of this definition is that messages can change responses 

beyond attitudes or behavior. For example, messages can trigger the interest of citizens 

or foster their understanding of technologies (Schäfer, Füchslin, Metag, Kristiansen, & 

Rauchfleisch, 2018; Takahashi & Tandoc, 2016).  

A useful framework for classifying and understanding responses to communication is the 

communication-persuasion matrix (McGuire, 2001). In this framework, responses to 

communication (outputs) are influenced by characteristics of the communicator, the 
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message, the receiver, the channel and the context (inputs). This framework assumes that 

effective persuasion requires citizens to go through a sequence of responses, starting with 

exposure and ending with action, reinforcement and consolidation. Others have 

challenged this assumption, contending that responses can occur independently rather 

than sequentially (Petty, Brinol, & Priester, 2002). They also criticize the matrix for its 

inability to explain the process of attitude or behavior change. Nevertheless, the 

communication-persuasion matrix is useful for reviewing and classifying research into 

CCS communication (Brunsting et al., 2011). 

In CCS communication research, attitudinal responses are the primary focus (L׳Orange 

Seigo et al., 2014). Attitudes are defined as evaluations that predispose citizens to respond 

positively or negatively (Fiske & Taylor, 2013). Attitudes may induce actions, but the gap 

between citizens’ attitudes and actions taken to support or oppose technologies is 

substantial (Batel & Devine-Wright, 2014). Hence, some authors argue that research has 

focused too strongly on attitudes (Batel et al., 2013). Yet, actions that express socio-

political support for CCS, such as participating in demonstrations, are sparse, making it 

difficult to identify behavioral responses to communication (Dillard, Weber, & Vail, 2007). 

Revealing how message characteristics elicit attitudinal or behavioral responses is the 

primary focus of CCS communication research. These message characteristics can be 

classified into message strategies. A message strategy refers to the type of appeal that is 

made in the message (Brunsting et al., 2011). Message strategies are not mutually 

exclusive and are often used simultaneously. Each strategy targets a different antecedent 

of attitude, acceptance or behavior. Hence, the rationales for these strategies and their 

success conditions differ (Brunsting et al., 2011; O’Keefe, 2003; Stiff & Mongeau, 2016).  

Research into CCS communication has centered on two message strategies. In the first 

strategy, communicators focus on fostering understanding, filling knowledge gaps and 

correcting misconceptions (Fischhoff, 1995; Scheufele, 2013). The rationale for this 

knowledge deficit strategy is that a lack of public support for the technology is caused by 

a lack of knowledge among citizens (Cacciatore, Binder, Scheufele, & Shaw, 2012; Dowd, 

Itaoka, Ashworth, Saito, & de Best-Waldhober, 2014; Milfont, 2012). CCS studies into this 

strategy investigated the effect of monitoring information (L’Orange Seigo et al., 2011), 

storage terminology (Ha-duong et al., 2009), figures (L’Orange Seigo et al., 2013), natural 
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analogues to CO2 storage (Tokushige et al., 2007), entities responsible for managing risk 

(Sharp et al., 2009), basic properties of CO2 and CCS (Dowd et al., 2014; Tokushige et al., 

2006; Wallquist et al., 2011) and different sets of CO2 capture and storage technologies 

(de Best-Waldhober, Daamen, et al., 2012; de Best-Waldhober et al., 2009; Wallquist, 

L’Orange Seigo, Visschers, & Siegrist, 2012). 

Yet, evidence for the relationship between knowledge and attitudes is mixed; the effect is 

likely more complex than originally hypothesized (de Best-Waldhober, Brunsting, et al., 

2012; M. C. Nisbet & Scheufele, 2009; Scheufele, 2013; Sturgis & Allum, 2004; Wallquist, 

Visschers, & Siegrist, 2010). Furthermore, critics of knowledge deficit strategies argue 

that emphasizing public ignorance may alienate key audiences and that fixating on 

knowledge provision neglects the role of trade-offs between values, risks and benefits in 

political decision making (M. C. Nisbet & Scheufele, 2009). Hence, other message 

strategies should supplement knowledge provision. 

In the second strategy, communicators target perceived consequences. This strategy’s 

rationale is that citizens’ perception of consequences affects their attitudes toward 

emerging technologies (Gupta et al., 2012).  CCS studies into this strategy investigated 

which risks, costs or benefits of CCS significantly affect citizens’ attitudes (de Best-

Waldhober et al., 2012, 2009; Kraeusel and Möst, 2012; Oltra et al., 2012; Tokushige et al., 

2006; Wallquist et al., 2011). Although studies into these two strategies have provided 

valuable insights into message effects, at least four substantial gaps in our understanding 

remain. 

Literature gap 1: Limited grasp of arguments in CCS discourse 

First, classifying the consequences of technological development as risks, costs or benefits 

ignores a substantial part of the CCS discourse. Risks, costs and benefits comprise only a 

fragment of the arguments stakeholders communicate through the media (Boyd & 

Paveglio, 2014; Buhr & Hansson, 2011; van Egmond & Hekkert, 2012). For example, 

discussions of the lock-in potential of CCS and its competition with renewables cannot be 

fully covered by the benefit, risk, and cost classification of consequences. In line with 

policy framing (Cobb & Kuklinski, 1997; Taber et al., 2009) and information processing 

studies (Petty & Cacioppo, 1984), CCS communication studies should refocus on 

arguments as the basic building blocks of messages.  



  Introduction 

17 

This refocusing enables communicators to better understand how citizens respond to the 

range of consequences that appear in the CCS discourse. Furthermore, this refocusing 

allows other characteristics of reasoning to be examined in tandem with consequences. 

For example, the effect of the explicitness of the argument’s causal dynamics (Cobb & 

Kuklinski, 1997) or the effect of framing devices, such as exemplars, metaphors or 

catchphrases (Gamson & Modigliani, 1989). None of the existing studies into CCS 

communication systematically investigated CCS arguments or rhetorical devices. 

Literature gap 2: Limited grasp of moral considerations 

Second, previous studies focused exclusively on emotional or rational appeals in 

messages. Yet, behavior is not only motivated by emotions or resource gains, but also by 

norms or moral considerations (Lindenberg & Steg, 2007). Many theories of technology 

acceptance also recognize that norms, values and moral considerations affect technology 

acceptance (Brunsting et al., 2011; Huijts, Molin, & Steg, 2012). Yet, moral considerations 

are often ignored in public engagement, which generates distrust among citizens (Cuppen 

et al., 2015). For engagement to foster support for a technology, stakeholders should 

attend to considerations of distributive and procedural justice (Gross, 2007; Huijts et al., 

2012; Wüstenhagen et al., 2007) and other relevant values or norms (Kahan et al., 2012; 

M. C. Nisbet & Scheufele, 2009; Persson, Sahlin, & Wallin, 2015). Yet, most CCS 

communication studies have not investigated the role of norms, values or justice 

considerations in persuasive communication (L׳Orange Seigo et al., 2014).  

Literature gap 3: Limited grasp of components’ relative importance  

Third, previous studies commonly investigated a single – or a single type of – message 

component. Hence, these studies cannot reveal the relative importance of multiple 

message components. Communicators need this insight to write comprehensive 

messages. Comprehensiveness is key because conveying too much information 

simultaneously disrupts citizens’ processing of the message (Harp & Mayer, 1998), which 

dilutes the message’s quality and persuasiveness (de Vries, Terwel, & Ellemers, 2014). 

Message components can enhance persuasiveness by conveying relevant information, but 

can also reduce persuasiveness through the dilution effect. These opposing effects create 

a communicator’s dilemma: communicators that include too few message components 
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omit crucial information, while communicators that include too many components dilute 

their message’s persuasiveness.  

Communicators commonly require many components to write comprehensive messages 

about CCS because the technology is complex and multifaceted (van Egmond & Hekkert, 

2012), its development is accompanied by many interlinked uncertainties (Hansson & 

Bryngelsson, 2009; Watson et al., 2014) and the discourse involves numerous 

stakeholders that use diverse arguments (Boyd and Paveglio, 2014; Van Egmond and 

Hekkert, 2012). The difficulties in writing comprehensive messages about CCS intensifies 

the communicator’s dilemma for stakeholders involved in its development. 

Literature gap 4: Limited grasp of heterogeneity 

Fourth, many CCS communication studies ignore heterogeneity among citizens. Yet, 

citizens differ in their values (Persson et al., 2015), their preferences for technologies 

(Faber & Frenken, 2009; Frank J. Van Rijnsoever & Castaldi, 2011; Windrum, Ciarli, & 

Birchenhall, 2009) and in the way they process information (Chen & Chaiken, 1999; Petty 

& Wegener, 1999). Citizens will only engage with communication that resonates with 

their beliefs and values (Kahan et al., 2012; M. C. Nisbet & Scheufele, 2009). In addition, 

citizens may ignore messages or media that conflict with their existing attitude (Feldman 

et al., 2014; Taber et al., 2009). Although some CCS communication studies include CCS 

attitude or socio-demographics as control variables (Kraeusel & Möst, 2012; L’Orange 

Seigo et al., 2011), they rarely examine how substantive differences between citizens in 

beliefs, values or information processing methods affect message persuasiveness. A better 

understanding of this heterogeneity enables communicators to tailor their 

communication to the audience. 

Objectives and research question 

In this thesis, we tackle these four literature gaps and answer the following research 

question:  

Research question: What message components influence the effectiveness of messages that 

support or oppose CCS for different groups of citizens? 
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By answering this question and tackling these four literature gaps, we improve the 

understanding of citizens’ responses to CCS communication.  Communicators need insight 

into these responses to write comprehensive messages that foster socio-political support 

for CCS. Answering this question also improves our understanding of citizens’ responses 

to communication about other emerging technologies. In chapter 2, we situate the thesis’s 

topic in this broader context. In later chapters, we show that many of these gaps also exist 

in literature on the communication of emerging technologies. Our primary contribution is 

improving the understanding of CCS communication, but many of our findings are 

relevant to other emerging technologies as well. 

Method 

The purpose of this thesis is to systematically investigate the influence of various message 

components on various effectiveness measures for various audiences. To this end, we 

carried out a series of conjoint and discrete choice experiments, included in online 

surveys (see chapter 2). In these experiments, citizens process arguments or messages 

that vary systematically in their components. We used these experiments for empirical 

studies 1 to 3 (chapters 3 to 5). In the final empirical study, we tackled some of the 

limitations of this approach by investigating alternative effectiveness measures, 

alternative message structures and effects over time (chapter 6). 

Conjoint or discrete choice experiments commonly use interviews, focus groups or 

ethnographic methods to aid the design of the experiment and guide the selection of 

components  (Coast et al., 2012). To this end, we organized a workshop series with a CCS 

expert panel. The panel consisted of experts from academia, industry and government 

that were based in the Netherlands. We organized four workshops with the expert panel 

(see Table 1-1).  

In the first workshop, we gathered feedback on the research design, determined the 

messages’ structure and selected message components and audience characteristics. To 

this end, we first familiarized experts with our method and theoretical frameworks. The 

experts then listed message components and audience characteristics that could affect the 

message’s effectiveness. We gathered additional feedback on our research design and 

component selection from a panel of international social scientists that research CCS – at 

the 3rd meeting of the CCS social science research network of the IEA (SSRN). 



Chapter 1   

20 

The second workshop was used to select message components for study 3. To this end, 

we first presented the results of studies 1 and 2. The experts then filled out a preliminary 

set of conjoint tasks to give them hands-on experience with our method. Using expert 

feedback, we further refined the number of components and audience characteristics. 

The third workshop was used to select alternative message strategies for study 4. To this 

end, we first presented the results of study 3. We then made an inventory of possible 

alternative message strategies and effectiveness measures. The fourth workshop was 

used to disseminate our results, discuss implications for CCS communication and discuss 

opportunities for further research. While developing the surveys, we asked panel 

members to give feedback on the accuracy and readability of the information included in 

the surveys. 

Table 1-1 

Workshop Overview 

workshop goals 

1 feedback research design 

 determine message structure 

 inventory of relevant message components and audience characteristics 

2 select message components 

 discuss results studies 1 and 2 

3 select alternative message strategies and effectiveness measures 

 discuss results study 3 

4 discuss results study 4 

Study 1: persuasiveness, importance and novelty of arguments 

The first study focused on arguments as the basic building blocks of messages. We 

investigated the perceived persuasiveness, importance and novelty of 16 pro and 16 con 

arguments for CCS. We selected the arguments from the pool of arguments used in the 

public CCS debate in the Netherlands (van Egmond and Hekkert, 2012). Hence, we tackled 

literature gap 1 by investigating a range of arguments, covering the CCS discourse better 

than previous studies. This investigation includes, for example, arguments about the 

legitimization of fossil fuel use, the competition with renewables for resources and the 

value of using CCS in industry. Besides investigating these consequences, we also include 

arguments that appeal to principles. In this manner, we tackled literature gap 2. Finally, 

we tackled literature gap 4 by investigating how different citizen groups respond to these 

arguments. We posed the following research question: 
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Research question: What pro and con CCS arguments are most persuasive, important and 

novel for different groups of citizens? 

Study 2: persuasiveness of framing and reasoning devices 

Study 2 also focused on arguments, building on the results of study 1. In study 2, we used 

the framework of Gamson and Modigliani (1989) to systematically deconstruct 

arguments into a claim, framing devices, and reasoning devices. It is currently unclear 

how the persuasiveness of arguments about emerging technologies, such as CCS, is 

affected when communicators use different claims, framing devices or reasoning devices. 

Hence, we investigated how framing and reasoning devices affect argument 

persuasiveness, contributing to a better understanding of the effect of arguments on 

citizens and tackling literature gap 1. We also tackled literature gap 4 by investigating 

how different citizens groups respond to arguments. We posed the following research 

question: 

Research question: What are the effects of reasoning and framing devices on the 

persuasiveness of arguments for and against emerging technologies from different 

communicators for different groups of citizens?  

Study 3: the communicator’s dilemma 

In study 3, we increased the scope to messages consisting of twelve components, 

including arguments, technological characteristics, descriptive norms and decision 

making procedures. With these message components, we cover a range of message 

strategies that communicators use to engage citizens, such as a knowledge deficit strategy 

or a strategy focused on consequences. We investigated what message components 

contribute most to the clarity, persuasiveness and interestingness of messages. We also 

investigated the effect of the message’s length on persuasiveness, clarity and 

interestingness and the interaction of length with the audience’s knowledge, motivation 

and need for cognition. Hence, we tackled literature gap 3 and help communicators to 

solve the communicator’s dilemma. We posed the following research questions: 

Research question 1: What message components contribute most to the persuasiveness, 

clarity, and interestingness of messages that support or oppose emerging technologies? 



Chapter 1   

22 

Research question 2: How does the audience’s knowledge, motivation and need for 

cognition influence the dilution effect? 

Study 4: how messages affect attitude, behavior,  
and cognitive responses over time 

In study 4, we tackled three limitations of our approach to studying message components 

in studies 1 to 3. First, we examined four alternative effectiveness measures: cognitive 

responses, attitude change, cognitive closure and behavioral change. Second, we 

examined effects over time by comparing attitudes and behavior at two points in time. 

Third, we compared the effectiveness of  the message structure from study 3 to alternative 

message structures, such as personal anecdotes (Aarøe, 2011; Hart, 2011; Iyengar, 1994) 

or specific application of CCS technology (Enhance Oil Recovery; EOR). We posed the 

following research question. 

Research question: What is the effect of CCS messages on cognitive responses, attitudes, 

cognitive closure and behavior over time? 
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This chapter is based on: van Rijnsoever, F. J., Van Mossel, A., & Broecks, K. P. F. (2015). 

Public acceptance of energy technologies: The effects of labeling, time, and heterogeneity 

in a discrete choice experiment. Renewable and Sustainable Energy Reviews, 45, 817–829.  
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In this chapter, we conceptualize the public acceptance of emerging technologies. We also 

discuss the importance of socio-political acceptance for technological development and 

how acceptance relates to individual preferences of citizens for different technologies. 

The chapter’s role in the thesis is to situate the thesis’s topic in the wider context of 

innovation and technological development. 

Conceptualizing public acceptance 

The public acceptance concept has a dual meaning. Public acceptance variably refers to 

attitudes toward a technology or to behavior that supports or resists the implementation 

of a technology. Yet, attitudes do not always incite the associated behavior (Ajzen, 2005). 

For example, negative attitudes about a technology do not necessarily lead to protests. 

Hence, the various indicators of public acceptance are not necessarily consistent (Batel et 

al., 2013). As a result, researchers have called for improved conceptualizations of public 

acceptance (Batel et al., 2013; Devine-Wright et al., 2017; Upham, Oltra, & Boso, 2015). 

We base our conceptualization of public acceptance on the roles of the public in the stages 

of an innovation process. Two different role types – citizens and consumers – shape the 

public acceptance of a new technology (Johnston, 2008; Lockie, 2009). Citizens are usually 

involved indirectly in the development and diffusion of technologies. They shape the 

innovation process by voicing their opinions or by undertaking actions that support or 

resist a technology, both before and after market introduction.  

Consumers play two direct roles; as adopters and as users (Blackwell, Miniard, & Engel, 

2001). Following van Rijnsoever and Oppewal (2012), adopters and users play a role at 

different stages in the innovation process. Adopters play a role in the acceptance process 

once opportunities for direct interaction with the technology become available, such as 

test facilities, prototypes, or purchasable products and services. Users use the technology 

or experience its consequences. Consumers often combine these roles, but not always. For 

example, consumers can also donate or share a purchased good. 

In our conceptualization, we connect these roles to the three interdependent dimensions 

of public acceptance identified by Wüstenhagen et al., (2007): socio-political acceptance, 

community acceptance, and market acceptance.  
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Socio-political acceptance refers to the role of citizens and is revealed through support for 

a technology or for policies that foster technological development. Socio-political 

acceptance is often gauged through opinion polls that represent the aggregated attitudes 

of citizens (Lippmann, 1922; Frank J. van Rijnsoever & Farla, 2014). Socio-political 

acceptance further comprises the acceptance by key stakeholders and policy makers, who 

can employ various strategies to influence socio-political acceptance (Roel Nahuis & Boon, 

2011). Prominent strategies are the voicing of opinions by societal groups or stakeholders 

in the media, seeking the help of political parties, or engaging in direct dialogue with 

developers. Socio-political acceptance can foster market and community acceptance by, 

for example, legitimizing policies for social site characterization (Brunsting et al., 2015) 

(community acceptance) or feed-in tariffs (Couture & Gagnon, 2010) (market 

acceptance). 

Market acceptance refers to role of consumers as adopters and is revealed primarily 

through the adoption process of technology. Adopters can be individuals, but also firms 

or organizations. Goods or services that attract sufficient market demand are most likely 

to be retained and to ‘diffuse’ through the population (Bass, 2004; Rogers, 2003), while 

others are discarded.   

Community acceptance refers to the role of consumers as voluntary or involuntary users 

of technology. Community acceptance is pertinent when the adoption of an innovation 

affects large groups of agents. For example, in the siting decisions for renewable energy 

installations. Local stakeholders, such as residents, local authorities and employees can 

object to projects even when sufficient socio-political or market acceptance have been 

secured. Community acceptance may be lacking because of direct visual, environmental 

and socio-economic impacts (Petrova, 2016) or because the technology does not fit with 

local place meanings (Devine-Wright & Batel, 2017).  

Community acceptance also rests on fostering a fair distribution of costs and benefits over 

stakeholders (distributive justice) and on giving stakeholders the opportunity to 

participate fairly in the decision making process (procedural justice) (Gross, 2007; Huijts 

et al., 2012; Wüstenhagen et al., 2007). For many emerging technologies, the distribution 

of costs and benefits is initially unfair because the benefits are experienced nationally or 

globally, while the costs or risks are experienced locally (Cuppen et al., 2015). Distributive 
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justice can be fostered by, for example, stimulating shared ownership of deployment 

projects (Goedkoop & Devine-wright, 2016) or compensating the communities that host 

these projects (ter Mors, Terwel, & Daamen, 2012). Procedural justice can be fostered by 

instituting participatory planning processes for the deployment of emerging technologies 

(Morrell, 1999). Such processes instigate trust, which improves the willingness to accept 

decisions (Terwel, Harinck, Ellemers, & Daamen, 2010).  

Relevance of socio-political acceptance 

The influence of socio-political acceptance on policy and the strength of 

interdependencies with other dimensions of acceptance depend on factors such as topic 

salience, lobby power, media attention, decision maker characteristics, and upcoming 

elections (Burstein, 2012; Page & Shapiro, 1983). Socio-political acceptance affects 

technological development through changes in funding, regulations, or expected market 

demand. The importance of socio-political acceptance in innovation processes is expected 

to expand for three reasons. 

First, technological progress has greatly decreased the barriers to obtaining reliable 

information about public preferences. Technologies such as the Internet allow for fast and 

direct measurement of public opinion through large-scale surveys (Bimber, 1998). New 

media allow for instant dissemination of findings. In this manner, public opinion serves 

as feedback to policy makers and political parties. Politicians use it as a tool in political 

debates and react to shifts in public opinion by changing their ideological positions 

(Adams, Haupt, & Stoll, 2009).  

Second, science is held increasingly accountable for its societal benefits (Gibbons et al., 

1994; Hessels & van Lente, 2008; Van Langenhove, 2012; Frank J van Rijnsoever, 2012). 

Whenever innovations for renewable energy technologies require significant public 

funding, the opinion of the general public has to be taken into account in order to 

legitimize the innovation (R Nahuis & van Lente, 2008; Frank J. van Rijnsoever & Farla, 

2014).  

Lastly, community initiatives for renewable energy (Brunsting et al., 2015; Heiskanen, 

Johnson, & Vadovics, 2013; Robinson, Burch, Talwar, O’Shea, & Walsh, 2011; Sharma & 

Awal, 2013), have increased the agency of citizens in co-creating knowledge, innovation 
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and technology. As a result, the voice of citizens in the development of renewable energy 

projects is increasing.  

Measuring socio-political acceptance through preferences 

In our conceptualization, acceptance implies that citizens prefer one state (e.g. a 

technology is implemented), over another (e.g. the existing situation). Citizens rarely have 

well-defined preferences for unfamiliar objects. Instead, they often construct their 

preferences instantaneously and will “selectively use information that is part of the 

immediate task description, as well as information that is drawn selectively from memory, 

to construct a response on the spot” (Payne et al., 1999, p.245). Constructed preferences 

can be based on highly selective use of information, avoidance of tradeoffs and involve 

limited reflection.  

Dual processing models  indicate that some situations are more conducive to such limited, 

peripheral or heuristic processing (Chen & Chaiken, 1999; Petty & Wegener, 1999). In 

these situations, rather than systematically processing all of the information that is 

available to them, agents rely on heuristics to simplify decision making. Examples of 

heuristics are the expertise or likability of the communicator (Maheswaran, Mackie, & 

Chaiken, 1992) or the feelings (affect) generated by the information (Slovic, Finucane, 

Peters, & MacGregor, 2007). Heuristic cues, such as brands or labels (Maheswaran et al., 

1992), can provide easy access to heuristics and distract from other information. 

Preferences formed through heuristic processing are unstable and likely to change over 

time (Chen & Chaiken, 1999; Petty & Wegener, 1999).  

Preferences for technologies are likely to vary between agents (Faber & Frenken, 2009; 

Frank J. Van Rijnsoever & Castaldi, 2011; Windrum et al., 2009). However, relatively 

homogeneous segments of agents can often be identified based on observed or 

unobserved characteristics (Morwitz & Schmittlein, 1992; Vermunt & Magidson, 2002). 

The support of particular key segments can be crucial for the success of technologies, such 

as the key role of early adopters (Rogers, 2003; Frank J. van Rijnsoever & Oppewal, 2012) 

in generating market acceptance. Accounting for heterogeneity in public acceptance 

studies allows the identification of such key segments. 
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Modeling preferences through choice processes 

Preferences are revealed when agents make trade-offs or choices between alternative 

technologies. Choice processes can be described with a variety of economic and 

psychological models, varying from neoclassical rational choice models to mental models 

based on inductive search heuristics (Devetag, 1999). No single model is most appropriate 

in all circumstances; their applicability depends on the purpose of the application. For our 

purposes, Random Utility Theory (RUT) (Baltas & Doyle, 2001; Batsell & Louviere, 1991; 

Manski, 1977) is especially informative. RUT is able to fit most of these theories in a 

realistic choice context.  

Choice models commonly assume that agents derive utility from the attributes of 

alternatives in a given choice situation (e.g. a choice task). In each task, agents choose the 

alternative with the highest utility. RUT shares this assumption, but accounts for the 

heterogeneity of individual agents and the context of the choice. In RUT, utility (U) is a 

latent construct that consists of a deterministic component (V), and an error component 

(ε). The utility of alternative j of agent i is given by (Manski, 1977; Mcfadden, 1973): 

𝑈𝑖𝑗 = 𝑉𝑖𝑗 +  𝜀𝑖𝑗 

The value of Vij is determined by a set of observed attributes that are associated with 

alternative j or with agent i. Each attribute is weighted by a coefficient βij. The error 

component εij is determined by factors such as unobserved attributes or agent 

characteristics, measurement error, functional misspecification and bounded rationality. 

Overall, εij gives the choice model its probabilistic properties 

Scholars typically prefer to study revealed preferences, which are deduced from economic 

agents’ observed actions. Yet, revealed preferences of citizens are unavailable before 

market introduction. Furthermore, measuring revealed preferences is often not feasible 

or desirable, especially for emerging, controversial technologies with sparse public 

attention. An alternative is to use agents’ self-reported preferences. Such stated 

preferences can be measured using ordinal ratings, ranking, or contingent valuation. Yet, 

agents typically struggle to express their preferences accurately when tradeoffs are 

complex and respondents have limited experience with the technologies (Ben-Akiva, 

Morikawa, & Shiroishi, 1992; Beshears, Choi, Laibson, & Madrian, 2008). 
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A more reliable technique is the Discrete Choice Experiment (D A Hensher, Rose, & 

Greene, 2005; J. Louviere, Flynn, & Carson, 2010; J. J. Louviere & Woodworth, 1983). In a 

DCE, respondents receive a series of choice tasks, usually through a survey. Each task 

contains two or more alternatives. Respondents choose their preferred alternative in each 

task. Alternatives differ in a fixed number of attributes with systematically varying 

attribute levels. It is common practice to include multiple survey versions with 

systematically varying choice tasks in the experimental design.  

DCEs have a number of advantages over conventional preference measurement 

techniques. First, they force respondents to make tradeoffs between alternatives, which 

allows a full ranking of alternatives to be estimated. This estimation is often problematic 

for rating tasks (Ben-Akiva et al., 1992). Second, attribute levels are part of a controlled 

experimental design. This prevents common method bias (Podsakoff, MacKenzie, Lee, & 

Podsakoff, 2003) and increases internal validity (F.J. Van Rijnsoever, Meeus, & Donders, 

2012). Third, the researcher can control the number of attributes and the information 

available to respondents in such a manner that choice tasks represent realistic ‘what if’ 

situations (Carson et al., 1994). These factors cannot be controlled in traditional methods 

to measure preferences. 

A number of DCEs have been conducted to measure preferences for energy technologies 

(Achtnicht & Madlener, 2014; Karytsas & Theodoropoulou, 2014; Kwak, Yoo, & Seung-

Jun, 2010; Scarpa & Willis, 2010; Frank J van Rijnsoever, Hagen, & Willems, 2013), 

focusing on adoption behavior and market acceptance. For socio-political acceptance the 

number of DCEs has increased rapidly in last few years (Bergmann, Colombo, & Hanley, 

2008; Bergmann, Hanley, & Wright, 2006; David A Hensher, Shore, & Train, 2014; Shin, 

Woo, Huh, Lee, & Jeong, 2014; Tabi & Wüstenhagen, 2017). These studies commonly focus 

on the consumer’s willingness to pay for alternative energy sources. Studies into CCS 

preferences, have also used DCEs, primarily to identify the importance of technological or 

economic characteristics of CCS, such as price and amount of CO2-emission reductions 

(Kraeusel and Möst, 2012; Sharp et al., 2009; Wallquist et al., 2012). To the best of our 

knowledge, DCEs have not yet been used to study arguments.
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Previous CCS communication studies have offered comprehensive guidelines for effective 

communication processes (Brunsting et al., 2011; L׳Orange Seigo et al., 2014). Yet, 

citizens’ reactions to the content of stakeholder’s messages are partially understood. This 

impartial understanding hampers communications efforts (Reiner, 2008). Studies into 

message content focus primarily on neutral, descriptive information. Examples are 

studies into monitoring information (L’Orange Seigo et al., 2011), storage terminology 

(Ha-duong et al., 2009), figures (L’Orange Seigo et al., 2013), labels (van Rijnsoever et al., 

2015), natural analogues to CO2 storage (Tokushige et al., 2007), entities responsible for 

managing risk (Sharp et al., 2009), basic properties of CO2 and CCS (Dowd et al., 2014; 

Tokushige et al., 2006; Wallquist et al., 2011) or different sets of CO2 capture and storage 

technologies (de Best-Waldhober, Daamen, et al., 2012; de Best-Waldhober et al., 2009; 

Wallquist et al., 2012).  

Such information is unlikely to foster substantial support for the stakeholder’s opinion, 

unless it is reinforced with arguments that resonate with the beliefs or values of citizens 

(Kahan et al., 2012). Recent studies tackled this issue by also showing which risks, costs 

or benefits of CCS significantly affect citizen’s attitude toward CCS (de Best-Waldhober et 

al., 2012, 2009; Kraeusel and Möst, 2012; Oltra et al., 2012; Tokushige et al., 2006; 

Wallquist et al., 2011). Despite this progress, three issues remain largely unaddressed.  

First, classifying the consequences of technological development as risks, costs or benefits 

ignores a substantial part of the CCS discourse. Risks, costs and benefits comprise only a 

fragment of the arguments stakeholders communicate through the media (Boyd & 

Paveglio, 2014; Buhr & Hansson, 2011; van Egmond & Hekkert, 2012). For example, 

discussions of the lock-in potential of CCS and its competition with renewables cannot be 

fully covered by the benefit, risk, and cost classification of consequences. These studies 

have also ignored arguments that appeal to norms (e.g. a waste product such as CO2 

should be disposed of properly; see Cialdini (2003)). In line with policy framing (Cobb & 

Kuklinski, 1997; Taber et al., 2009) and information processing studies (Petty & Cacioppo, 

1984), CCS communication studies should refocus on arguments as the basic building 

blocks of messages. 

Second, CCS communication studies rarely examine how substantive differences between 

citizens in beliefs, values or information processing methods affect message 
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persuasiveness, although some studies include CCS attitude or socio-demographics as 

control variables (Kraeusel & Möst, 2012; L’Orange Seigo et al., 2011). Yet, citizens differ 

in their values (Persson et al., 2015), their preferences for technologies (Faber & Frenken, 

2009; Frank J. Van Rijnsoever & Castaldi, 2011; Windrum et al., 2009) and in the way they 

process information (Chen & Chaiken, 1999; Petty & Wegener, 1999). Furthermore, 

arguments that most citizens find irrelevant might be important to a particular population 

segment. Understanding this heterogeneity facilitates the design of targeted 

communication materials. 

Third, existing studies rarely examine message effectiveness beyond persuasiveness or 

attitude change. Yet, attitude change can be short-lived or long lasting. Dual processing 

models suggest that stable attitudes require systematic processing (Chen & Chaiken, 

1999; Petty & Wegener, 1999). Citizens will process information systematically if they are 

motivated and knowledgeable about the topic in question. They will therefore likely not 

scrutinize unimportant or new arguments, but will resort to cognitive shortcuts instead, 

leading to less stable opinions. A communicator attempting to encourage the audience to 

adopt a specific, stable opinion should select arguments that the audience perceives as 

persuasive and important and that are not completely novel to them. Importance and 

novelty should, therefore, be included in studies into message effects.  

We address these shortcomings by eliciting the perceived persuasiveness, importance 

and novelty of 16 pro and 16 con CCS arguments for different groups of citizens. We pose 

the following research question: 

Research question: What pro and con CCS arguments are most persuasive, important and 

novel for different groups of citizens? 

We elicit the perceived persuasiveness, importance and novelty of arguments by asking a 

sample of citizens to make eight consecutive choices between two arguments in a discrete 

choice experiment (DCE; see chapter 2 or Amaya-Amaya et al., 2008) that was included in 

an online survey. In the DCE, we investigated pro and con arguments independently to 

control for differences in their persuasiveness, importance and novelty. Since citizens 

generally give greater weight to negative objects or events (Rozin and Royzman, 2001), 

con arguments are often more salient and persuasive than pro arguments (Cobb and 

Kuklinski, 1997; Sen and Lerman, 2007; Skowronski and Carlston, 1987). 
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We identified differences between citizens based on unobserved heterogeneity: citizen 

characteristics that are not measured directly, but are inferred from respondents’ choices. 

Uncovering unobserved heterogeneity is advantageous when substantive differences 

between citizens are unknown or difficult to observe, such as differences in beliefs or 

values. To uncover unobserved heterogeneity, we used Latent Class Analysis (LCA). 

By exploring the persuasiveness, importance and novelty of arguments we advance 

understanding of citizens’ reactions to arguments. Our results help to improve 

communication strategies for CCS. They are also insightful for communication about 

other, similar technologies.  

Method 

Participants 

Data was collected using a nationwide online panel in the Netherlands (N = 920). The 

sampling procedure used quotas for age, gender, education level and state of residence to 

ensure that the sample was representative of the adult (minimum age of 18) Dutch 

population. Respondents were slightly older (M = 51.7 years, SD = 13.4 years) than the 

population (μ = 48.7 years) (CBS, n.d.). They were also slightly more likely to be female 

(53.4 %). Education levels were classified as very low, low, medium and high according to 

the classification system of the Dutch Central Bureau of Statistics (CBS, n.d.). Respondents 

were more highly educated (37.5%) than the general population (28.3%). Respondents 

slightly over-represented the southern region of the Netherlands (31.9%; in population 

23.7%). To control for these differences, we included a weight factor in the analysis based 

on these characteristics. Panel members received financial compensation for their 

participation. 
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Materials  

We selected the arguments from the pool of arguments used in public debate on CCS in 

the Netherlands (van Egmond and Hekkert, 2012). We consulted a panel of CCS experts 

from academia, knowledge institutes and industry, as well as communication experts, to 

construct a set of the most prominent 16 pro and 16 con arguments. The consultation 

consisted of a workshop about the goals and design of the study and feedback on the 

concept survey (see chapter 1). We only included arguments that experts perceived as 

valid, were straightforward enough to be written down clearly in one or two sentences, 

and refer to the use of CCS in general. Hence, we excluded common misconceptions and 

arguments for specific CCS policies. The arguments are displayed in Tables 9-1 and 9-2 in 

Appendix B, including labels for ease of reference. 

Procedure 

Respondents were assigned randomly to one of two conditions. In the pro condition, 

respondents evaluated pro arguments (npro = 465). In the con condition, they evaluated 

con-arguments (ncon = 455). In each condition, respondents evaluated eight pairs of 

arguments, choosing the most persuasive, important and novel argument from each pair. 

Each argument pair was presented to respondents in the form of a choice set (see Figure 

3-1). Every possible pair of two pro or two con arguments was included, resulting in 240 

different choice sets. We divided the 240 choice sets into 30 blocks to reduce the number 

of choice sets per respondent to eight. Respondents were randomly assigned to a block. 

The experimental design was generated using the software package Ngene.  

The experiment was included in an online survey. Before answering any survey questions, 

the respondents were introduced to the study’s goal and read a short introduction to CCS 

(see Appendix A). They then answered questions about their attitude, awareness and 

knowledge of CCS and proceeded with the experiment. After the experiment, their 

attitude toward CCS was assessed again. 

CCS attitude was measured with three five-point Likert items (1 = disagree completely, 5= 

agree completely): “I am positive about CO2 storage, “CO2 storage is dangerous” (reverse 

scoring), and “CO2 storage is useful”. We averaged these items to construct one CCS 

attitude scale. The reliability of the scale is good (αpre = .76, αpost = .81). 
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Analysis 

We first tested whether the range of arguments to which an individual was exposed 

affected their attitude toward CCS. Histograms of attitude change show a non-normal, but 

symmetrical distribution. Consequently, we use the non-parametric alternative for a 

paired samples t-test: a Wilcoxon signed-rank test. 

We then estimated conditional logit models and latent class models (Vermunt and 

Magidson, 2002) using the software package Latent Gold 5.0. We estimated separate 

models for persuasiveness, importance and novelty using choice as a binary dependent 

variable and the arguments as independent, nominal variables. The conditional logit 

models are regression models for the probability that respondent i selects alternative m 

at replication t, given the values of the attributes of the alternatives (𝑧𝑖𝑡
𝑎𝑡𝑡). The conditional 

logit model therefore has the following form: 

 
𝑷(𝑦𝑖𝑡 = 𝑚|𝑧𝑖𝑡

𝑎𝑡𝑡) =
exp(𝜂𝑚|𝑧𝑖𝑡

)

∑ exp(𝜂𝑚′|𝑧𝑖𝑡
)𝑀

𝑚′=1

 
(1) 

where 𝑦𝑖𝑡 denotes the value of the binary dependent variable and M denotes the number 

of alternatives. In our models 𝜂𝑚|𝑧𝑖𝑡
 is a linear function of the attribute effects (𝛽𝑝

𝑎𝑡𝑡) and 

an alternative specific constant (𝛽𝑚
𝑐𝑜𝑛): 

 
𝜂𝑚|𝑧𝑖𝑡

= 𝛽𝑚
𝑐𝑜𝑛 + ∑ 𝛽𝑝

𝑎𝑡𝑡

𝑝

𝑝=1

𝓏𝑖𝑡𝑚𝑝
𝑎𝑡𝑡  

(2) 

where the p index refers to a particular attribute. Each of our models included a nominal 

attribute with sixteen levels that represents the arguments. This attribute was effects 

coded in the model, which means that the parameters of the levels sum to zero. The 

alternative specific constant controls for whether the alternative was on the right or left 

of the choice set.  

A latent class model extends this model by assigning respondents that make similar 

choices to the same segment. A categorical latent variable captures the segment 

membership (𝑥) of each respondent. The model includes separate parameters for each 

latent segment. The latent class model therefore has the following form: 
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𝑷(𝑦𝑖𝑡 = 𝑚|𝑥, 𝑧𝑖𝑡

𝑎𝑡𝑡) =
exp(𝜂𝑚|𝑥,𝑧𝑖𝑡

)

∑ exp(𝜂𝑚′|𝑥,𝑧𝑖𝑡
)𝑀

𝑚′=1

 
(3) 

The linear function 𝜂𝑚|𝑥,𝑧𝑖𝑡
is 

 
𝜂𝑚|𝑥,𝑧𝑖𝑡

= 𝛽𝑥𝑚
𝑐𝑜𝑛 + ∑ 𝛽𝑥𝑝

𝑎𝑡𝑡

𝑝

𝑝=1

𝓏𝑖𝑡𝑚𝑝
𝑎𝑡𝑡  

(4) 

As we included sampling weights based on the sociodemographic characteristics of the 

respondents, Pseudo ML (PM) estimation is used to estimate the parameters in the model 

(Vermunt & Magidson, 2005). We explored models consisting of one to four latent 

segments. We used respondents’ choices, socio-demographics and attitudes before the 

experiment to identify segments. In line with best practice for LCA (Nylund et al., 2007), 

we selected the models with the lowest Bayesian Information Criterion (BIC).  

argument 1 argument 2 

A waste product such as CO2 should be disposed of 
properly. 

CO2 storage can be used in industries where there 
are no other options for reducing CO2 emissions. 

Which of the two arguments… 

…..do you think is most persuasive? 

□ argument 1 □ argument 2 

…..do you think is most important? 

□ argument 1 □ argument 2 

….. is most new to you? 

□ argument 1 □ argument 2 

Figure 3-1 Example choice set  

  



Chapter 3   

40 

Results 

Attitude change 

For respondents that read pro arguments, a Wilcoxon signed-rank test showed that 

significantly more respondents changed their attitude in a positive direction (37.4%) than 

a negative direction (16.1%), z = 6.93, p < .001. For respondents that read con arguments, 

a Wilcoxon signed-rank test showed that significantly more respondents changed their 

attitude in a negative direction (43.7%) than a positive direction (12.7%), z = -8.47, p < 

.001. Con arguments had a slightly stronger effect on attitude than pro arguments, but a 

Mann-Whitney U test shows that the absolute change in attitude does not differ 

significantly between the groups, z = 1.18, p = .239. 

Persuasiveness, importance and novelty 

The conditional logit parameters reveal the perceived persuasiveness, importance and 

novelty of CCS arguments (see Tables 3-1 and 3-2). In the interest of brevity, we will refer 

to persuasiveness rather than perceived persuasiveness in the results section. The 

arguments are effects coded, which means that the models compare the persuasiveness, 

importance and novelty of an argument to the average persuasiveness, importance or 

novelty of all arguments. The explanatory value of the models is adequate, McFadden R2 

= .05 - .11 (J. L. Louviere, Hensher, & Swait, 2000). The models predict between 59.6% and 

64.9% of all respondents’ choices correctly. Although respondents are indifferent 

between some pairs of arguments, the best and worst arguments have substantial 

predicted probabilities (P3 = 29%, C10 = 79%). 

The parameters of persuasiveness and importance correlate strongly (rpro = .92, rcon = .93). 

Hence, important arguments are likely to be persuasive. There is a moderate negative 

correlation between the parameters of persuasiveness and novelty (rpro = -.34, rcon = -.41) 

and importance and novelty (rpro = -.46, rcon = -.29). New arguments are, therefore, likely 

to be unpersuasive and unimportant. The following section discusses the results per 

dependent variable. 

Persuasiveness, pro arguments. Respondents find six pro arguments persuasive. The 

most persuasive argument by far is P6 (industrial applications), followed by P16 (dispose 

of CO2 garbage) and P13 (safety of natural gas fields) after a substantial drop in 
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persuasiveness. Other persuasive arguments are P8 (economic benefits), P10 (natural gas 

experience) and P2 (climate agreements). Respondents find five pro arguments 

unpersuasive. The least persuasive argument by far is P3 (lifestyle changes), followed by 

P4 (set an example) and P14 (space requirements) after a substantial jump in 

persuasiveness. Other unpersuasive arguments are P7 (cheap coal) and P12 (enhanced 

oil recovery).  

Importance, pro arguments. Five pro arguments are important to respondents. The 

most important arguments are P16 (dispose of CO2 garbage) and P6 (industrial 

applications), followed at a considerable distance by P8 (economic benefits), P13 (safety 

of natural gas fields) and P1 (climate problem). Respondents find seven arguments 

unimportant. The least important argument is P3 (lifestyle changes), followed at a 

considerable distance by P12 (enhanced oil recovery) and P14 (space requirements). 

Other unimportant arguments are P4 (set an example), P11 (use in other countries), P7 

(cheap coal) and P9 (relatively cheap). 

Novelty, pro arguments. Four pro arguments are new to respondents. In order of 

decreasing novelty, these arguments are P12 (enhanced oil recovery), P8 (economic 

benefits), P9 (relatively cheap) and P11 (use in other countries). Except for P8, all of these 

arguments are also unimportant and/or unpersuasive. Respondents find five arguments 

familiar. In order of increasing novelty, these arguments are P2 (climate agreements), P1 

(climate problem), P16 (dispose of CO2 garbage), P10 (natural gas experience) and P4 (set 

an example). Except for P4, all of these arguments are persuasive and/or important.  

Persuasiveness, con arguments. Respondents find three con arguments persuasive. The 

most persuasive argument by far is C10 (avoid generating CO2), followed by C9 (risks not 

fully understood) and C1 (unnecessary for climate problem). The distance in score 

between these three arguments is substantial. Respondents find five con arguments 

unpersuasive. The least persuasive argument by far is C2 (promotes coal), followed by 

C15 (energy requirements) after a substantial jump in persuasiveness. Other 

unpersuasive arguments are C14 (hazardous chemicals), C8 (rising electricity bills) and 

C7 (detracts from renewables).  

  



Chapter 3   

42 

Table 3-1.  

Persuasiveness, Importance and Novelty of Pro Arguments. 

nr label   persuasive   important   new 

p1 climate problem  0.00   0.39 ** -0.47 *** 

p2 climate agreements  0.27 *  0.14  -0.54 *** 

p3 lifestyle changes -0.91 *** -0.85 ***  0.02  

p4 set an example -0.62 *** -0.46 *** -0.27 * 

p5 reduces need for nuclear  0.03   0.20   0.06  

p6 industrial applications  0.90 ***  0.80 *** -0.13  

p7 cheap coal -0.49 *** -0.36 **  0.19  

p8 economic benefits  0.44 ***  0.61 ***  0.40 *** 

p9 relatively cheap -0.10  -0.26 *  0.38 *** 

p10 natural gas experience  0.30 *  0.09  -0.28 * 

p11 use in other countries -0.06  -0.37 **  0.31 ** 

p12 enhanced oil recovery -0.47 *** -0.66 ***  0.54 *** 

p13 safety of natural gas fields  0.57 ***  0.52 *** -0.08  

p14 space requirements -0.65 *** -0.51 ***  0.21  

p15 stability energy supply  0.17  -0.09   0.12  

p16 dispose of CO2 garbage  0.63 ***  0.84 *** -0.46 *** 

l/r position in choice set   -0.24 *** -0.15 **  0.01  

Mc Fadden R2  .11  .11   .05  

% choices predicted correctly 64.9  64.6  59.6  

Note. Table displays parameters and significance level of z-test. The significance test 

indicates whether the parameter differs significantly from the average of all parameters, 

* p < .05, **p < .01, ***p < .001. 

Importance, con arguments. Three con arguments are important to respondents. The 

most important argument by far is C10 (avoid generating CO2), followed at a considerable 

distance by C9 (risks not fully understood) and C1 (unnecessary for climate problem). 

Respondents find five con arguments significantly unimportant. The least important 

argument by far is C2 (promotes coal), followed at a considerable distance by C8 (rising 

electricity bills), C15 (energy requirements) and C6 (falling real estate prices). Another 

unimportant argument is C4 (investment uncertainty).  

Novelty, con arguments. Three con arguments are new to respondents. The newest 

argument is C14 (hazardous chemicals), followed at a considerable distance by C15 

(energy requirements) and C11 (suffocation). Respondents find four con arguments 

familiar. The least new argument is C10 (avoid generating CO2), followed by C16 (lack of 

public support), C1 (unnecessary for climate problem) and C6 (falling real estate prices). 
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The conditional logit models show several patterns. First, citizens find arguments about 

climate change (P1, P2, and C1) less persuasive and/or important than other arguments. 

Second, the most important pro and con arguments (P16 and C10) use injunctive norms; 

they prescribe desirable actions by using the verb ‘should’. Third, arguments about 

specific risks or the role of CCS in the energy mix are likely to be new, unpersuasive and 

unimportant. We return to these patterns in the general discussion, but will first show 

how population segments differ from the average. 

Table 3-2 

Persuasiveness, Importance and Novelty of Con Arguments. 

nr label   persuasive   important   new 

c1 unnecessary for climate   0.32 **  0.54 *** -0.40 *** 

c2 promotes coal -0.78 *** -0.74 *** -0.20  

c3 relatively expensive  0.09   0.12   0.05  

c4 investment uncertainty -0.10  -0.22 * -0.03  

c5 indefinite monitoring  0.03   0.11  -0.04  

c6 falling real estate prices -0.10  -0.47 *** -0.33 ** 

c7 detracts from renewables -0.24 *  0.05   0.10  

c8 rising electricity bills -0.26 * -0.49 ***  0.03  

c9 risks not fully understood  0.72 ***  0.55 ***  0.09  

c10 avoid generating CO2  1.31 ***  1.25 *** -0.55 *** 

c11 suffocation  0.00   0.09   0.37 *** 

c12 groundwater acidification -0.10   0.16   0.24  

c13 earthquakes -0.07  -0.05   0.03  

c14 hazardous chemicals -0.30 * -0.20   0.66 *** 

c15 energy requirements -0.40 ** -0.48 ***  0.46 *** 

c16 lack of public support -0.11  -0.22  -0.48 *** 

l/r position in choice set -0.21 ***  0.02   0.03  

Mc Fadden R2  .09   .10   .05  

% choices predicted correctly 62.6  62.5  60.2  

Note. Table displays parameters and significance level of z-test. The significance test 

indicates whether the parameter differs significantly from the average of all parameters, 

* p < .05, **p < .01, ***p < .001. 

Group differences in persuasiveness, importance and novelty 

The latent class models illuminate differences between segments with respect to 

argument persuasiveness, importance and novelty (see Tables 3-3 and 3-4). The 

performance of the models is good, McFadden R2 = .18 – .33 (J. L. Louviere et al., 2000). 

The models predict between 66.1% and 74.0% of all respondents’ choices correctly. The 
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substantial improvement in precision demonstrates the value of uncovering observed 

heterogeneity.  

For pro arguments, class memberships of persuasiveness and importance are not related, 

χ2(2) = 0.77, p = .680. Class memberships for persuasiveness and novelty are also not 

related, χ2(4) = 1.37, p = .850. Class memberships for importance and novelty are related, 

χ2(2) = 13.58, p = .001. The probabilities of being in segment 4 and segment 6 are related, 

but rather weakly (r = 0.145). For con arguments, the solutions for persuasiveness and 

importance, χ2(2) = 0.65, p = .724, persuasiveness and novelty, χ2(3) = 5.65, p = .130, and 

importance and novelty, χ2(6) = 8.33, p = .215, are not significantly related. 

We characterize population segments by identifying common themes, words or concepts 

in the arguments that score significantly better or worse than the average of arguments. 

We also tested whether there are significant differences between segments in socio-

demographics or CCS attitude before the experiment (see Table 3-5). Only a few 

differences were significant, which could be caused by the small size of most of the 

segments.   

Persuasiveness, pro arguments. Segment 1 (85.8%) resembles the average opinion 

closely (i.e. the conditional logit model). Segment 2 (7.2%) instead focuses on the 

interconnection between CCS and other energy technologies. The arguments they find 

persuasive often refer directly or indirectly to nuclear, solar, wind or fossil fuel based 

energy, such as P3 (lifestyle changes), P5 (reduces need for nuclear), P7 (cheap coal), P9 

(relatively cheap), P12 (enhanced oil recovery) and P15 (stable energy supply). Unlike 

segment 1, they find arguments about climate change mitigation (P1, P2), economic 

benefits (P8) and opportunities (P10), and safety (P13) unpersuasive. Segment 3 (7.1%) 

focuses on the affordability and security of energy supply, rather than an encompassing 

perspective on the energy mix. This is evidenced by the persuasiveness of P7 (cheap coal), 

P8 (economic opportunities), P9 (relatively cheap), and P15 (stable energy supply). 

Segment 3 finds the normative argument P16 (dispose of CO2 garbage) unpersuasive. 

Importance, pro arguments. Segment 4 (93.1%) resembles the average opinion closely. 

Segment 5 (6.9%) focuses on the international position of the Netherlands concerning CCS 

and climate change, evidenced by the importance of P2 (international climate 

agreements), P4 (set an example) and P10 (natural gas experience). In contrast to 
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segment 4, they find P1 (climate problem) and P5 (reduces need for nuclear) 

unimportant. 

Novelty, pro arguments. Segment 6 (84.9%) resembles the average opinion closely. 

Segment 7 (5.7%) instead focuses on past or desirable actions of CCS stakeholders, 

evidenced by the novelty of P2 (international climate agreements), P4 (set an example), 

P11 (use in other countries) and P16 (dispose of CO2 garbage). They also find arguments 

P5 (reducing need for nuclear) and P6 (industrial applications) new. Segment 7 (M = 36.0 

years) is significantly younger than segments 6 (M = 46.5 years) and 8 (M = 49.6 years), 

F(472) = 5.15, p = .006. Segment 8 (9.5%) focuses on the safety and security effects of CCS 

in arguments about enhanced oil recovery (P12), storage in natural gas fields (P13) and 

beneficial effects on energy security (P15). Segment 7 and 8 are both relatively familiar 

with argument P1 (climate problem) and P3 (lifestyle changes).    

Persuasiveness, con arguments. Segment 9 (90.3%) resembles the average opinion 

closely. Segment 10 (9.7%) instead focuses on risks that citizens living near storage 

locations are exposed to, evidenced by the persuasiveness of C6 (falling real estate prices), 

C11 (suffocation) and C13 (earthquakes). They also find C7 (detracts from renewables), 

C12 (groundwater acidification), C14 (hazardous chemicals), C15 (energy requirements) 

and C16 (lack of public support) unpersuasive.  

Importance, con arguments. In contrast to most other models, the majority is split 

between two segments. Segment 11 (52.5%) only finds C9 (risks not fully understood) 

important. They find arguments about the role of CCS in the energy mix unimportant, such 

as C2 (promotes coal), C3 (relatively expensive), C7 (detracts from renewables) and C15 

(energy requirements). Segment 12 (40.1%) instead finds arguments C1 (unnecessary for 

climate problem) and C10 (avoid CO2 emissions) important. In contrast to segment 11, 

they find arguments about costs to citizens and firms unimportant, such as C4 (investment 

uncertainty), C6 (falling real estate prices) and C8 (electricity prices). Segment 13 (7.4%) 

focuses on the costs of CCS relative to solar and wind energy (C3) and risks of 

groundwater acidification (C12) and earthquakes (C13). Like segment 12, they find 

argument C10 (avoid CO2 emissions) important. 

Novelty, con arguments. Segment 14 (62.8%) resembles the average opinion closely. 

Segment 15 (23.8%) instead finds the uncertainty surrounding CCS (C9) and the need for 
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monitoring storage sites (C5) new. Segment 16 (6.4%) is unfamiliar with the costs of CCS 

(C3, C8), the interconnection between CCS and renewables (C3, C7), energy requirements 

(C15), risks of groundwater acidification (C12) and past or desirable actions of 

stakeholders or the public with regard to CCS (C10, C16). Segment 17 (7.0%) is instead 

unfamiliar with risks of CCS to human welfare (C9, C11, C12, C13, C14) and the lack of 

public support (C16). Segment 16 (M = 47.3 years) is significantly younger than segment 

14 (M = 53.7 years), F(454) = 4.12, p = .006. 

The latent class models show that the majority of respondents (between 62.8% and 

93.1%) perceives CCS arguments similarly. The majority is split in just one latent class 

model (importance of con arguments). A few small segments (between 5.7% and 23.8%) 

have distinct views on CCS arguments. Segments focus on the role of CCS in the energy 

mix (2), affordability and security of energy (3), the international position of the 

Netherlands concerning CCS and climate change (5), actions of CCS stakeholders (7), 

safety and security (8), local risks (10), CCS as an uncertain, new technology (11, 15), 

climate and norms (12), risks and costs (13, 16), and risk and public support (17). 
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Table 3-5 

Socio-demographic Characteristics per Group 

pro age ccs attitude educ: % low % mid % high % male 

persuasive F (472) = 0.89 F(472) = 0.22  Χ2(4) = 2.61  Χ2(2) = 2.24  

1 46.0 3.01 31.9 42.3 25.8 49.5 

2 44.5 3.03 20.0 50.0 30.0 61.9 

3 50.4 2.91 39.1 30.4 30.4 60.9 

important F(472) = 3.12  F(472) = 0.61  Χ2(2 ) = 3.75  Χ2(1 )= 3.39  

4 46.5 3.01 31.8 41.0 27.1 51.6 

5 40.7 2.90 25.9 59.3 14.8 33.3 

new F(472) = 5.18**  F(472) = 0.59  Χ2(4) = 3.06  Χ2(2) = 3.64  

6 46.5 3.00 31.1 41.6 27.3 51.9 

7 36.0 3.15 43.5 43.5 13.0 33.3 

8 49.6 3.08 28.6 47.6 23.8 42.9 

con age ccs attitude educ: % low % mid % high % male 

persuasive F(454) = 0.19  F(454) = 1.51 Χ2(2) = 2.11  Χ2(1) = 0.43  

9 52.7 2.91 25.7 37.0 37.3 45.5 

10 51.7 3.09 35.5 38.7 25.8 51.6 

important F(454) = 1.82  F(454) = 1.24  Χ2(4) = 4.14  Χ2(2) = 4.57  

11 52.3 2.95 30.2 34.7 35.1 41.6 

12 53.6 2.87 21.7 40.2 38.1 51.9 

13 48.3 3.11 23.8 38.1 38.1 42.9 

new F(454) = 4.19**  F(454) = 1.12 Χ2(6) = 10.16  Χ2(3) = 6.12  

14 53.7 2.91 24.2 35.6 40.2 45.9 

15 51.2 2.97 32.6 37.1 30.3 39.3 

16 47.3 2.79 31.6 52.6 15.8 68.4 

17 45.1 3.21 31.3 50.0 18.8 56.3 

* p < .05, **p < .01, ***p < .001 

Discussion 

This study presents the persuasiveness, importance and novelty of pro and con CCS 

arguments for segments of citizens. We address three gaps in the understanding of 

citizens’ responses to arguments. First, we expand the range of investigated arguments. 

We show that most citizens find arguments about climate change less persuasive and/or 

important than other arguments, even though climate change mitigation is the primary 

goal of CCS. They instead prefer arguments about particular norms, industrial 

applications of CCS, economic benefits or safety.  

Second, we uncover heterogeneity by showing how population segments differ from the 

majority. In contrast to the majority, segments focus on arguments about the role of CCS 

in the energy mix, the affordability and security of energy supply, specific risks to citizens 



Chapter 3   

50 

living near storage locations or the international position of the Netherlands with regard 

to CCS.  

Third, we examined message effectiveness beyond persuasiveness and attitude change. 

We show that important arguments that are familiar to citizens are more likely to be 

persuasive.  

Implications for communication 

The results imply that stakeholders will struggle to convey the importance of CCS for 

climate change mitigation, unless they discuss additional benefits of various mitigation 

technologies, such as industrial applications, economic benefits or energy security and 

affordability. We would not suggest that stakeholders misrepresent the value of CCS by 

focusing exclusively on additional benefits. Rather, we want to highlight the discrepancy 

between the primary goal of CCS and preferences of citizens for other arguments and 

issues. As citizens also prefer normative arguments, stakeholders should incorporate 

norms into arguments about climate change and into their overall engagement strategies.  

Uniform communication can be somewhat effective as the majority of citizens has similar 

opinions about CCS. Yet, a segmented communication approach can use distinct CCS 

storylines to engage population segments, which can be an important factor in 

establishing public acceptance for a technology. Our results provide a foundation for the 

construction of such storylines. Further research should account for heterogeneity, as 

substantial deviations from the average opinion will otherwise be overlooked. Although 

some arguments are CCS specific, most arguments are also applicable to other energy 

technologies. Our results therefore offer tentative conclusions about citizens’ reactions to 

arguments about energy technologies with a similar public image, such as wind energy or 

shale gas.  

Limitations 

Two limitations to this study raise issues for further research. First, we examined 

arguments in isolation; our analysis did not account for interactions between arguments 

and the source of the message (Eagly et al., 1978), for different frames (Bickerstaff et al., 

2008; Meyerowitz and Chaiken, 1987) or for the influence of other message components. 
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Future studies should extend the analysis to encompass full messages, with different 

sources and frames. We explore these issues in chapters 4 and 5.  

Second, this study focused on a single country, which limits the generalizability of the 

results. The importance of norms or values and the perceived relevance of the climate 

change issue vary across countries and cultures. Future research should include between-

country comparisons of the influence of arguments on attitude towards CCS.  

 



 

 

 



 

 

4. Persuasiveness of Framing and 
Reasoning Devices 
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Public support for emerging technologies is strongly influenced by how stakeholders, 

such as governments, NGOs, or scientists, frame these technologies in the media 

(Druckman & Bolsen, 2011). Frames emphasize particular considerations, making them 

more noticeable, memorable, or meaningful to citizens (Entman, 1993). For example, 

framing nuclear power as “sustainable energy” (Bickerstaff et al., 2008) or synthetic meat 

as “Frankenfood” (Marcu et al., 2015) brings out distinct aspects of these phenomena. By 

making some considerations more salient than others, frames can persuade citizens to 

become more or less supportive of emerging technologies (Bickerstaff et al., 2008; 

Druckman & Bolsen, 2011; C. R. Jones, Eiser, & Gamble, 2012). Frames can also aid 

citizens’ understanding of emerging technologies by making complex issues more 

concrete, clear and comprehensible (Burgers, Konijn, & Steen, 2016).  

Studies of framing suffer from at least two problems. First, researchers tend to base the 

frames they study on the context of their work, rather than deriving them from theory 

(Borah, 2011a; Cacciatore, Scheufele, & Iyengar, 2016). Examples of empirically based 

frames are a rule of law frame (Matthes, 2012) or a climate change mitigation frame (C. R. 

Jones et al., 2012). This tendency complicates the advancement of framing theory because 

the findings of such studies are difficult to compare. Second, the operational definition of 

framing often remains ambiguous because the individual components that constitute the 

frame are commonly undefined (De Vreese, 2012), such as studies operationalizing 

frames as bundles of arguments (Matthes, 2012) or news articles (De Vries et al., 2016). 

Consequently, it is impossible to determine how the constituent components of a frame 

affect people’s opinions about emerging technologies. These two problems impede our 

understanding of what factors determine the effectiveness of framing.  

To develop this understanding, we use the framework of Gamson and Modigliani (1989)1. 

They distinguish three frame components: a claim, reasoning devices, and framing 

devices. The claim establishes a position on a topic, policy, or technology. Reasoning 

devices justify the claim by providing reasons to accept a claim, such as the consequences 

of the claim or appeals to principle. Framing devices use linguistic structures, such as 

metaphors, catchphrases, or exemplars, to suggest a framework for viewing the 

technologies. For example, “The possible applications of nanotechnology should be 

explored further (claim), because it can offer large performance leaps in computing power 

(consequence). We'll have more computing power in the volume of a sugar cube than 
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exists in the entire world today (catchphrase).” Gamson and Modigliani’s (1989) 

framework has stimulated research into how societal actors construct frames (Pan & 

Kosicki, 1993; Van Gorp, 2007). Yet, it is unclear how the persuasiveness of frames is 

affected when communicators use different claims or devices to express a frame about an 

emerging technology.  

The purpose of this chapter is to identify what effect framing and reasoning devices have 

on the persuasiveness of a frame. In this chapter, we study frames as single arguments 

that are composed of a single claim, reasoning devices, and framing devices. Although 

communicators can use frames with multiple claims, this simplification allows us to single 

out the effects of framing and reasoning devices. Because a frame’s persuasiveness also 

depends strongly on the characteristics of its communicator, such as credibility 

(Pornpitakpan, 2004), and its audience, such as gender (Grabe & Kamhawi, 2006a) or 

existing attitudes (Keum et al., 2005), we included these characteristics in our study. Our 

research question is: 

Research question: What are the effects of reasoning and framing devices on the 

persuasiveness of arguments for and against emerging technologies from different 

communicators for different groups of citizens?  

To answer this research question, we use a Discrete Choice Experiment (DCE) 

administered as an online survey. In our DCE, respondents examined a series of eight 

argument pairs, choosing the most persuasive argument from each pair. The arguments 

varied systematically by claim type, reasoning device, framing device, and communicator.  

We used Latent Class Analysis (LCA) to identify groups of citizens that respond similarly 

to framing and reasoning devices. This approach uncovers unobserved or latent 

characteristics that explain citizens’ reactions to framing and reasoning devices. We 

characterize these groups by their observed characteristics, such as gender, age, or 

attitudes toward emerging technologies.  

This chapter focuses on Carbon Capture and Storage (CCS) as an emerging technology. 

Two features of CCS underscore its suitability for studying the framing of emerging 

technologies. First, various CCS frames are in use in the media: proponents frame CCS as 

an affordable climate change mitigation technology with substantial benefits for the 

economy and for energy security, while opponents question its usefulness for climate 



Chapter 4   

56 

change mitigation, its safety and its cost. (Boyd and Paveglio, 2014; Van Egmond and 

Hekkert, 2012). Second, most citizens do not yet have strong opinions about CCS (de Best-

Waldhober, Daamen, et al., 2012; Upham & Roberts, 2011). Because most citizens are still 

undecided, they are susceptible to new information and less likely to disregard 

information that is incongruent with their opinion (Taber et al., 2009). 

The results of this study can help governments, environmental NGOs (ENGOs), and 

developers of emerging technologies to design more effective engagement materials 

aimed at informing citizens. Insight into audience diversity can aid the generation of 

targeted communication.  

Theory 

Effects of framing on persuasiveness 

There is substantial evidence that framing affects the persuasiveness of communication 

(O’Keefe, 2014). Communication is persuasive if it changes a person’s attitude towards an 

object or issue (O’Keefe, 2002). The current understanding is that frames alter the 

persuasiveness of communication through two distinct cognitive mechanisms (Cacciatore 

et al., 2016). First, by accentuating particular considerations, frames can increase the 

salience of these considerations among an audience. As a result, people can retrieve these 

considerations more easily when making decisions (Iyengar, 1994). This accessibility 

mechanism implies that framing has a universal effect on diverse audiences and can 

operate through mere exposure to communication.  

Second, framing can operate by determining how the audience processes information. In 

other words, a frame can make it more or less likely that a person uses a particular 

interpretive schema to make sense of the information (Price and Tewksbury, 1997). This 

applicability mechanism implies that framing is more likely to have an effect if it resonates 

with the audience’s interpretive schemas. The exact mechanism at play is still a 

contentious issue that needs additional research (Cacciatore et al., 2016). 

Traditions in framing literature 

The framing concept originates from two primary research traditions (Borah, 2011a; 

Cacciatore et al., 2016). Researchers from the psychological tradition use an equivalency 
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based definition of framing. Equivalency frames are logically equivalent, but use different 

words or expressions (Druckman, 2001). In other words, they do not change what is 

communicated to an audience, but only how it is communicated. For example, goal frames 

express the goals of a policy or action (e.g. using CCS) in terms of either the gains of the 

policy or the losses that are avoided by the policy (Levin, Schneider, & Gaeth, 1998). 

Researchers from the sociological tradition use an emphasis based definition of framing. 

Emphasis frames emphasize some considerations over others (Druckman, 2004). In other 

words, they also change what is communicated to an audience, not only how it is 

communicated. This tradition has a wider scope than the psychological tradition and 

includes diverse framing types (Cacciatore et al., 2016). Some of these studies focus on 

frames that are specific to the empirical context, such as a rule of law frame (Matthes & 

Schemer, 2012) or a climate change mitigation frame (C. R. Jones et al., 2012). Other 

studies use general frames, such as episodic versus thematic frames (Aarøe, 2011; Hart, 

2011; Iyengar, 1994). A thematic CCS frame describes general information, while an 

episodic CCS frame zooms in on an individual event or case.  

The sociological tradition of framing research has been criticized for a lack of consistency 

in the definitions and explanatory mechanisms of framing (Cacciatore et al., 2016; 

Scheufele & Tewksbury, 2007). Definitions of framing lack consistency because 

researchers tend to base the frames they study on the context of their work, rather than 

deriving them from theory (Borah, 2011a; Cacciatore et al., 2016). Furthermore, the 

operational definition of framing often remains ambiguous because the individual 

components that constitute the frame are commonly undefined  (De Vreese, 2012).  

Definitions of framing that are based on an accessibility mechanism show conceptual 

overlap with other concepts that operate through the same mechanism, such as agenda 

setting or priming. Such conceptual overlap complicates theory development and may 

make framing appear more widespread than it actually is. Hence, framing studies should 

define framing more rigorously and disentangle the explanatory mechanisms behind 

framing (Cacciatore et al., 2016)  

Gamson's and Modigliani's (1989) conceptualization of framing is part of the sociological 

tradition. Their framework conceives media discourse as a series of ‘packages’ (framing) 

that over time grow and subside in prominence. Packages comprise three components: a 
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claim, reasoning devices, and framing devices. The impact of these components has not 

yet been compared systematically, so the literature cannot be used to identify which 

reasoning and framing devices might be the most persuasive. Furthermore, we focus on 

elucidating unobserved heterogeneity among citizens: citizen characteristics that are not 

measured directly, but are inferred from respondents’ choices. For these reasons, we have 

not formulated any formal hypotheses.  

The claim 

In an argument, communicators put forward claims that establish their position on a 

technology, policy, or topic (van Eemeren, 2015). The type of claim can influence the 

argument’s persuasiveness: arguments against a technology or policy (con arguments) 

are likely more persuasive than arguments in favor of a technology or policy (pro 

arguments). Con arguments often contain negative information, which attracts the 

reader’s attention and influences decisions more strongly than positive information 

(Rozin & Royzman, 2001). Citizens are also often wary of new policy initiatives (Cobb & 

Kuklinski, 1997) and complex, uncertain technologies (Slovic, 1987). Yet, the extent and 

direction of the negativity bias differs between individuals (Fazio, Pietri, Rocklage, & 

Shook, 2015). 

Framing effects also likely differ when pro and con arguments are assessed conjointly, 

rather than separately. Frame competition motivates readers to gather information and 

discuss the topic with peers (Borah, 2011b), but it may diminish attitude change unless 

one frame is more compelling than the other (Chong & Druckman, 2007) or unless the 

audience is open- rather than closed-minded (E. C. Nisbet, Hart, Myers, & Ellithorpe, 

2013).  

Reasoning devices 

Reasoning devices justify claims by providing reasons to accept a claim. Gamson and 

Modigliani (1989) identify three primary reasoning devices: consequences of the claim, 

appeals to a principle, and analysis of the causal chain that leads from the claim to the 

consequence.  

Consequences. A claim can be justified by focusing on the consequences that will flow 

from implementing a policy or developing a technology. Communication regarding these 
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consequences can affect people’s opinions of the technology (De Best-Waldhober et al., 

2012; Kraeusel and Möst, 2012). The type of consequence  can influence the argument’s 

persuasiveness: citizens tend to take the benefits of technology for granted, but are often 

highly concerned about the risks to human health or the environment (Renn & Benighaus, 

2013). Risks can incite strong negative emotional reactions (Slovic, Finucane, Peters, & 

MacGregor, 2004), which can be aggravated through social amplification processes 

(Kasperson et al., 1988). Whether a specific consequence, risk, or benefit is persuasive, 

depends primarily on whether it resonates with citizens’ beliefs (Kahan et al., 2012). 

Emerging technologies in the energy domain, such as CCS or wind turbines, share a 

particular set of consequences. Although experts often regard climate change mitigation 

as their primary benefit, citizens find climate change arguments relatively unpersuasive 

(Broecks, Van Egmond, Van Rijnsoever et al., 2016; Kraeusel and Möst, 2012). Different 

explanations exist for the public apathy about climate change, including a lack of scientific 

knowledge, underestimation of the remote,  abstract risks of climate change, and 

hierarchal, individualistic world-views (Kahan et al., 2012). Therefore, consequences with 

a more direct, concrete impact, such as economic benefits, can be more persuasive 

(Broecks et al., 2016).  

Appeals to principles. A claim can also be justified by focusing on a principle that should 

be upheld. Appeals to principles emphasize the moral obligations mandating specific 

actions. In social psychology, appeals to principle are termed injunctive norms; they 

describe what people should do (Cialdini, Reno, & Kallgren, 1990). These norms can 

inspire environmentally friendly behavior (Bamberg and Möser, 2007; Cialdini et al., 

1990), and raise support for or opposition to nuclear energy (De Groot & Steg, 2010). 

Citizens tend to act in accordance with norms because norms promise social sanctions 

when someone violates them (Cialdini et al., 1990).  

Causal chains. A claim can be justified further by elucidating the causal dynamics that 

show how a claim leads to a consequence or satisfies a principle. The explicitness of this 

causal chain can influence the argument’s persuasiveness. To investigate the relationship 

between explicitness and argument persuasiveness, Cobb and Kuklinski (1997) 

differentiate between hard and easy arguments. Hard arguments support a claim logically 

with a series of explicit premises or statements, and tend to be long and complex. Easy 
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arguments center on the consequences, and omit premises needed to support the claim. 

Easy arguments tend to be short and straightforward. The relative persuasiveness of easy 

and hard arguments likely depends on receiver characteristics and the information 

processing method that receivers use (Cobb & Kuklinski, 1997).  

Framing devices  

Framing devices use linguistic structures to suggest a framework for viewing the 

technologies. Gamson and Modigliani (1989) identify five framing devices: metaphors, 

catch phrases, exemplars, depictions, and visual images. This chapter focuses on the first 

three framing devices: metaphors, exemplars, and catch phrases. We excluded visual 

images because we delineated our study to written text. We also excluded depictions –

colorful strings of modifiers – because they operate at the level of words, rather than 

sentences, presupposing a higher degree of granularity in analysis. 

Metaphor. A metaphor is a cross-domain mapping, where aspects from a source domain 

are mapped onto a target domain (Lakoff & Johnson, 2008). For example, “geoengineering 

is like preparing for the future with insurance” (Luokkanen et al., 2013, p. 971). 

Metaphors can have a strong persuasive effect (Sopory & Dillard, 2002) and can shape 

future interpretations of technologies (Luokkanen et al., 2014) because they help citizens 

to make sense of unfamiliar topics (Marcu et al., 2015).  

Exemplar. An exemplar is a real event, object, or entity that can enhance the 

understanding of an argument (Gamson & Lasch, 1983). Like a metaphor, an exemplar 

highlights distinct aspects to clarify the claim. Unlike a metaphor, an exemplar highlights 

aspects of the same domain instead of a different one. For example, CCS frames in 

Canadian newspapers often use the exemplar of the Lake Nyos disaster in Cameroon to 

highlight the dangers of CO2 (Boyd & Paveglio, 2014). Exemplars can influence attitudes 

and change the behavior of citizens, but studies have not yet determined whether 

exemplars are more persuasive than, for example, statistical information about the 

occurrence of events (McKinley, Limbu, & Jayachandran, 2017). Exemplification theory 

argues that exemplars can elicit a strong emotional response by letting the audience 

connect to people that experienced the event or object (Zillmann, 2006). 
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Catchphrase. A catchphrase summarizes the argument’s key premises in a single 

statement (Gamson & Lasch, 1983). An example catchphrase for nanotechnology is: “We'll 

have more [computing] power in the volume of a sugar cube than exists in the entire 

world today”. Although research on catchphrases shows how journalists adopt and 

naturalize them (Lewis & Reese, 2009), it is still unclear how catchphrases affect 

audiences. Researchers in marketing have delved deeper into this effect (Laran, Dalton, & 

Andrade, 2011), but they commonly use the concept of slogans instead of catchphrases. 

Slogans are intended to remind potential consumers of attributes of a product or brand; 

they affect brand image and awareness, but are generally assumed to have a priming effect 

rather than a framing effect (Laran et al., 2011). While catchphrases likely affect the 

persuasiveness of arguments, their explanatory mechanism needs additional research.  

Communicator 

Characteristics of the communicator – also called the sender or source – can enhance or 

reduce the persuasiveness of communication (Pornpitakpan, 2004). Dual process models 

suggest that the communicator’s credibility can enhance persuasiveness by acting as a 

heuristic cue for citizens who lack sufficient motivation or knowledge to scrutinize the 

available information (Chaiken & Maheswaran, 1994). Credible communicators may also 

be more likely to elicit a framing effect in their audience (Druckman, 2001).  

Organizations or individuals that are perceived as trustworthy and competent can often 

communicate credibly (Pornpitakpan, 2004). Scientists, engineers, and doctors are 

examples of communicators that are commonly seen as competent (Fiske & Dupree, 

2014). The communicators’ intent or inferred motives determine whether they are also 

viewed as trustworthy. For example, citizens are likely to trust environmental NGOs more 

than industrial organizations because they attribute public-serving motives to 

environmental NGOs and organization-serving motives to industrial organizations 

(Terwel, Harinck, Ellemers, & Daamen, 2011).  

Communicators can further enhance the persuasiveness of their message by collaborating 

with other communicators (Harkins & Petty, 1987). Collaboration is especially effective 

for dissimilar collaborators, such as environmental NGOs and energy companies  (Ter 

Mors, Weenig, Ellemers, & Daamen, 2010). 
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Receiver  

The socio-demographic characteristics of receivers can affect their opinions about 

technology (Sharp et al., 2009; Van Rijnsoever et al., 2015) and their responses to framing 

(Borah, 2011a; Grabe & Kamhawi, 2006b). Hence, we include three of these 

characteristics in our study: age, gender, and education level. We also include attitudes 

toward CCS because research attests to the value of attitudes in explaining framing effects 

(Borah, 2011a; Keum et al., 2005). People are inclined to favor arguments that support 

their current attitudes (attitude congruence bias). They also tend to discount arguments 

that oppose their current attitudes (disconfirmation bias). Consequently, citizens’ prior 

attitudes tend to become strengthened in the course of public debate, which polarizes the 

attitudes in the population (Taber et al., 2009).  

Method 

Participants 

Data was collected using a nationwide online panel in the Netherlands (N = 1195). The 

sampling procedure used quotas for age, gender, education level, and state of residence, 

to ensure that the sample was representative of the adult (minimum age of 18) Dutch 

population. Respondents were slightly older on average (M = 52.8 years, SD = 13.4) than 

the population (μ = 48.7 years) (CBS, n.d.). Males were slightly overrepresented (54.7%). 

Education levels were classified as very low, low, medium and high according to the 

classification system of the Dutch Central Bureau of Statistics (CBS, n.d.). Respondents 

were more highly educated (44.2%) than the general population (28.3%).  Respondents 

slightly over-represented the southern region of the Netherlands (29.6%; in population 

23.7%). To control for these differences, we included a weight factor in the analysis. Panel 

members received financial compensation for their participation. 

Most respondents had heard about CCS before participating in the survey (77.3% aware, 

15.8% unaware and 6.9% uncertain). Yet, they tend to disagree with the statement that 

they have a lot of knowledge about CCS (26.1% disagrees completely, 28.7% disagrees, 

32.0% neither agrees nor disagrees, 11.0% agrees, 2.3% agrees completely). This level of 

awareness and knowledge resembles results from previous studies (Ashworth et al., 

2015; de Best-Waldhober, Brunsting, et al., 2012). 
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Materials  

We consulted with a panel of CCS experts (from academia, knowledge institutes, and 

industry) and with communication specialists to design the experiment and identify apt 

framing devices. The consultation consisted of one workshop about the study’s goals and 

design, followed by individual feedback on the concept survey (see chapter 1).  

In our operationalization of arguments, each argument consisted of three components: 

(1) the claim and consequence or principle, (2) framing devices and causal chains, and (3) 

the communicator. All arguments are displayed in in Appendix C. 

Component 1: Claim, consequences, and principles. We examined two conflicting 

claims: (1) “CCS should be used in the Netherlands (pro CCS),” and (2) “CCS should not be 

used in the Netherlands (con CCS).” Each argument featured one consequence or appeal 

to principle in support of one of the two claims. The claim’s valence - whether the 

argument is pro or con - cannot be estimated independently from the consequences, 

because the consequences that flow from each claim are different. Consequently, we used 

one component to estimate the influence of each consequence and principle separately. 

For each claim, we selected five consequences and one principle. To aid engagement with 

the survey’s topic, we selected the consequences and principles that citizens considered 

most persuasive and important in empirical study 1. We made sure the following main 

categories of consequences were represented: climate change mitigation, energy security 

benefits, economic costs or benefits, and risks to human health or the environment.  

Component 2: Causal chains and framing devices. The second factor takes into account 

how the claim is connected to a consequence or principle: they are connected by causal 

chains with differing degrees of explicitness or by a framing device. The phrasing of the 

arguments from empirical study 1 was used as a reference level. The reference phrasing 

consisted of a single sentence, introducing a simple causal chain with as little use of 

framing devices as possible (see Table 4-1, example 1).  

For causal chains, we used two variations: easier causal chains and harder causal chains. 

The causal chain was made easier by compressing the reasoning; it was made harder by 

elaborating the reasoning. In the example, the causal chain is made easier by not 

explaining why technological development of CCS is good for the economy (see Table 4-1, 
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example 2). The causal chain is made harder by explaining how technological 

development can create jobs – namely, by attracting firms (see Table 4-1, example 3).  

Framing devices build on the reference phrasing, but replace the reasoning with a framing 

device (see Table 4-1, example 4a, 4b and 5). For framing devices we used three 

variations: an exemplar (see Table 4-1, example 5), a metaphor or catchphrase (see Table 

4-1, examples 4a and 4b), and an equivalency framing variation (see Table 4-1, example 

6). Because it was not possible to identify apt metaphors or catchphrases for every 

argument, arguments have either a metaphor or a catchphrase as a framing device. To 

provide further contrast for the effect of framing and reasoning devices, we also include a 

level for equivalency framing: rather than framing the argument as a gain of using CCS, 

the argument is framed as a foregone gain of not using CCS.  

Component 3: Communicators. For the third component, we included four distinct 

sources that communicate about CCS in practice: scientists, the national government, 

energy companies, and environmental NGOs (Ter Mors et al., 2010; Terwel et al., 2011). 

To examine the influence of collaboration, we included all combinations of two 

communicators as well as a combination of all four communicators. We also included a 

variation where the communicator was unknown as a reference level for the analysis.  
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Table 4-1 

Examples of Framing and Reasoning Devices for the Economic Benefits of CCS 

 
claim: CCS should be used in the Netherlands…  

1 …because the development of CCS technology contributes to employment and 
economic growth.  

reference 

2 …because CCS is good for the economy. easy causal chain 

3 …because the development of technology for CCS attracts firms. For this 
reason, CCS contributes to employment and economic growth. 

hard causal chain 

4a …because Germany is the frontrunner in solar and wind energy. The 
Netherlands can still be the frontrunner in CCS and capture the resulting 
profits. 

metaphor 

5 …because the harbor of Rotterdam would like to earn money with CCS. This 
harbor is of critical importance for the Dutch economy. 

exemplar 

6 …because there will be less economic growth and fewer employment 
opportunities without the development of CO2 storage. 

foregone gain 

4b …because prevention is better than a cure. Therefore, it is useless to first 
generate CO2 and then store it underground. 

catchphrase 

Note. Because the catchphrase variation was not used for the economic benefits 

arguments, we applied the catchphrase variation to a different consequence/principle in 

example 4b. 

Procedure 

Respondents were assigned randomly to one of three conditions. In the first condition, 

respondents evaluated pro arguments (pro condition, n = 273). In the second condition, 

they evaluated con-arguments (con condition, n = 280). In the third condition, they 

evaluated pro and con arguments (mixed condition, n = 642). In each condition, 

respondents evaluated eight pairs of arguments, choosing the most persuasive and 

credible argument from each pair. In the mixed condition, one pro argument was always 

paired with one con argument. Hence, we can determine whether respondents that are 

exposed to arguments with conflicting claims (in the mixed condition) respond differently 

to reasoning and framing devices than respondents who are exposed to arguments with 

the same claim (in the pro and con conditions). Each argument pair was presented to 

respondents in the form of a choice set (see Figure 4-1).  

To determine which argument pairs – including the reasoning devices, framing device and 

communicator – appear in each choice set, we used a fractional orthogonal design. This 

design resulted in 144 choice sets for the pro and con conditions, and 288 choice sets for 

the mixed condition. We blocked the design to reduce the number of choice sets per 
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respondent to eight, resulting in 18 blocks for the pro and con conditions and 36 blocks 

for the mixed condition. Respondents were assigned randomly to a block. The 

experimental design was generated using the software package Ngene. 

The experiment was included in an online survey. Before answering any survey questions, 

the respondents were introduced to the study’s goal and read a short introduction to CCS 

(see Appendix A). They then answered questions about their attitude, awareness and 

knowledge of CCS and proceeded with the experiment. Respondents spent 27.5 seconds 

on average on each choice set (all eight sets: M = 220.4, SD = 130.3), so it is reasonable to 

assume that they read the arguments carefully. They could also comment on their 

decision. After the experiment, their attitude toward CCS was assessed again. 

CCS attitude was measured with four five-point Likert items (1 = disagree completely, 5= 

agree completely): “I am positive about CO2 storage, “CO2 storage is dangerous” (reverse 

scoring), “CO2 storage is useful,” and “I am opposed to CO2 storage” (reverse scoring). We 

averaged these items to construct one CCS attitude scale. The reliability of the scale is 

good (αpre = 0.83, αpost = 0.85). 

1: Message from energy companies. 2: Message from scientists. 

A waste product such as CO2 should be disposed of 
properly. 

The development of technology for CO2 storage 
contributes to employment and economic growth. 

Which of the two messages do you think is most persuasive? 

□ message 1 □ message 2 

Which of the two messages do you think is most credible? 

□ message 1 □ message 2 

Do you have any comments on your choice? 

  

Figure 4-1 Example choice set 
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Analysis 

We first investigated whether attitude change differed between the three experimental 

conditions. Visual inspection of histograms of attitude change scores for the three 

experimental conditions showed non-normal distributions that differed across the three 

groups. Consequently, we used the nonparametric alternative to a one-way ANOVA to 

compare groups: a Kruskal-Wallis H test. If the shapes of distributions across groups 

differ, the Kruskal-Wallis H test is a test for the equality of distributions using mean ranks. 

Pairwise comparisons of mean ranks were performed using Dunn's (1964) procedure 

with a Bonferroni correction for multiple comparisons (adjusted p-values are presented). 

We then assessed whether the effect of framing and reasoning devices on persuasiveness 

differed between competitive (mixed condition) and non-competitive conditions (pro 

condition and con condition). To this end, we used a latent class model (with scale classes) 

that restricted latent class membership to the three experimental conditions (using the 

‘known class’ option in Latent Gold). According to the BIC, this model did not improve 

upon a model where the conditions are grouped together. Furthermore, respondents in 

the three experimental conditions did not differ significantly in the factors and levels they 

found persuasive. Hence, respondents from all three conditions were pooled into one 

dataset.  

We then estimated conditional logit models and latent class models (Vermunt and 

Magidson, 2002) using the software package Latent Gold 5.1 (see chapter 3 for 

specifications of the models). We estimated one conditional logit model for all three 

conditions using choice as a binary dependent variable and three nominal independent 

variables: (1) the consequence / principle, (2) the framing device or causal chain, (3) the 

communicator. As in chapter 3, the attribute for consequences and principles was effects 

coded in the model, which means that the parameters of the levels sum to zero. The 

attribute for framing devices / causal chains and for the communicator were dummy 

coded because they have a natural reference level to compare other variations of the 

argument to. We also included an alternative specific constant that controls for whether 

the alternative was on the right or left of the choice set.  

We also estimated a conditional logit model where metaphors and catchphrases were 

split into two separate levels (i.e. seven instead of six levels for the causal chain and 
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framing devices attribute). In this model, metaphors did not differ significantly from the 

reference level, while catchphrases were less persuasive than the reference level. The 

experimental design loses level balance because one level is split into two levels. For this 

reason, we have decided to retain the basic model. 

We then estimated latent class models using all three conditions. A latent class model 

assigns respondents that choose similarly to the same class and derives separate 

parameters for each class (Vermunt & Magidson, 2002). We controlled for differences in 

respondents’ consistency by including scale classes in our latent class models. This 

method groups respondents with a similar degree of choice consistency in the same scale 

class. A model with scale classes provides more meaningful results because consistency 

differences do not determine to which latent class a respondent is assigned (Magidson & 

Vermunt, 2007). We explored solutions of one to six latent classes and one or two scale 

classes. In line with LCA best practice (Nylund et al., 2007), we use the Bayesian 

Information Criterion (BIC) to select a parsimonious model that fits the data well.  

To characterize the latent classes, we use a multinomial logistic model with the modal 

class membership as a dependent variable and five independent variables: CCS attitude, 

attitude change, education level, age and gender. We also estimated a model with 

additional characteristics, such CCS knowledge, involvement, social trust, opinion 

leadership, and attitude toward climate change. These characteristics contributed very 

little to the fit of the model explaining class membership. For parsimony, we excluded 

these characteristics from the paper. 

Results 

Attitude change 

The mean ranks of attitude change scores differed significantly between groups, χ2(2) = 

83.31, p < .001. All pairwise differences were significant (p < .01, pro = 742.64, con = 

497.73; mixed = 580.22). After receiving the experimental treatments, most respondents 

in the pro condition became more positive (35.2%; 12.5% more negative), while most 

respondents in the con condition became more negative (43.9%; 12.5% more positive). 

Respondents in the mixed condition became more negative (32.1%) more often than 

more positive (18.5%). The results show that most citizens changed their attitude in the 
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direction of the claim, but that many respondents changed their attitude in the opposite 

direction. 

Persuasiveness of argument components 

The conditional logit model is a reasonable fit for the data, McFadden’s R2 = .07 (J. L. 

Louviere et al., 2000). Out of all respondents´ choices, 60.2% was predicted correctly by 

the model. All attributes influence the argument’s perceived persuasiveness significantly 

(see Table 4-2). As is customary in DCE studies, relative importance is calculated by taking 

the difference between the highest and lowest level parameters within a factor and then 

rescaling all differences so that they sum to 1. Consequences and principles have the 

greatest relative influence, followed by causal chains and framing devices, with 

communicator characteristics demonstrating the least influence.  

Three consequences or principles are significantly more persuasive than the average 

consequence or principle: the principle that prevention is better than a cure, followed by 

the unknown risks of CCS and unnecessity of CCS for climate change mitigation. These 

arguments are all con arguments. Five consequences or principles are significantly less 

persuasive than the average consequence or principle: the least persuasive consequence 

is industrial applications, followed by risks of suffocation, economic opportunities for the 

Netherlands, economic growth and falling real estate prices. For both pro and con 

arguments, principles are perceived to be more persuasive than consequences.   

Arguments with hard causal chains are significantly more persuasive than the reference 

arguments, while arguments with easy causal chains are significantly less persuasive. The 

inclusion of metaphors or catchphrases decreases the persuasiveness of the argument. 

The equivalency frames that were included in our study were also significantly less 

persuasive than the reference arguments. Two communicators significantly improve the 

persuasiveness of the argument: scientists and scientists that collaborate with energy 

companies. 
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Table 4-2 

Persuasiveness of Argument Components 

attribute wald χ2 sig imp level   par se sig 

consequence / 
principle 
  

163.18 *** .50 pro industrial applications -0.30 0.07 *** 

    economic growth -0.23 0.07 *** 

    economic opportunities NL -0.26 0.07 *** 

    safety -0.09 0.07  

    energy supply -0.13 0.07  

    principle: dispose of garbage 0.14 0.07  

   con climate change 0.23 0.08 ** 

    real estate prices -0.22 0.07 ** 

    unknown risks 0.40 0.08 *** 

    risk of suffocation -0.27 0.08 *** 

    risk of groundwater acidification -0.05 0.08  

       principle: prevention before cure 0.78 0.08 *** 

causal chain / 
framing device 

112.00 *** .29  reference 0.00   

    easy causal chain -0.31 0.07 *** 

    hard causal chain 0.23 0.07 *** 

    exemplar 0.05 0.07  

    metaphor/catchphrase -0.16 0.07 * 

       equivalency frame  -0.39 0.07 *** 

communicator 
  

32.21 *** .16  none 0.00   

    scientists 0.27 0.09 ** 

    government 0.01 0.09  

    energy company -0.04 0.09  

    engo 0.05 0.10  

    government & scientists 0.08 0.09  

    government & energy companies -0.08 0.11  

    government & engos 0.01 0.09  

    scientists & energy companies 0.25 0.09 ** 

    scientists & engos 0.16 0.09  

    engos and energy companies 0.00 0.09  

       all communicators 0.09 0.09   

position  10.57 ** .05   Right -0.12 0.04 ** 

Note. Wald χ2 tests significance of attribute, z tests significance of attribute levels. For 

dummy coding, level is compared to reference level. For effects coding, level is compared 

to average of all levels, * p < .05, **p < .01, ***p < .001. 

Persuasiveness of argument components per group 

According to the BIC, the optimal latent class model has five latent classes and two scale 

classes (see Appendix F). A likelihood ratio test also shows that this model fits 

significantly better than the four-class model (p < .01). Yet, after removing respondents 

with a disproportionate influence on the results – 89 respondents with Cook’s distance > 

4 * par / N (Skrondal & Rabe-Hesketh, 2004) – a  four-class model is optimal. The results 

of the four-class model are less sensitive than the five-class model to the removal of the 
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most influential respondents (61 respondents in the four-class model). Therefore, we 

chose to report the model with four latent classes and two scale classes, with all 

respondents included (see Table 4-3 and 4-4).  

This model strongly improves upon the conditional logit model and fits the data well, 

McFadden’s R2 = .41 (Louviere et al., 2000). Out of all respondents’ choices, 78.7% was 

predicted correctly. All attributes influence the argument’s perceived persuasiveness 

significantly. The multinomial logit model (see Table 4-5) shows that some classes differ 

significantly in socio-demographic characteristics and CCS attitudes, but the fit of this 

model is rather poor, McFadden’s R2 = .05. 

Class 1, opinion and safety seeker (24.8%). The importance scores show that members 

of Class 1 favor all factors equally. Compared to other classes, consequences and 

principles are less important to their decisions, while causal chains, framing devices, and 

communicators are more important. The consequences they find persuasive are primarily 

about risks and safety. They prefer arguments with extensive explanations, but eschew 

arguments with short causal chains or framing devices. They also prefer communication 

from collaborating communicators, especially those collaborations that involve the 

national government. Members of class 1 are younger, more likely to be female, and were 

slightly more positive about CCS before the DCE. 

Class 2, scientific substantiation (22.3%). Members of Class 2 strongly prefer 

arguments invoking specific consequences or principles. They find the appeals to 

principles, the unfamiliarity of CCS, the advantageous Dutch starting position, promised 

economic benefits, and the unnecessity of CCS for climate change mitigation more 

persuasive than the average consequence or principle. They also find risks to human 

health or decreasing housing prices relatively unpersuasive. Of the four classes, they are 

the least conducive to framing devices and changes in the causal chain. They also prefer 

arguments that are communicated by scientists. Members of Class 2 are older and more 

highly educated. 

Class 3, pro bias (19.6%). Members of Class 3 strongly prefer pro arguments. The only 

con argument they find more persuasive than the average argument is the principle that 

prevention is better than a cure. They prefer arguments with long causal chains or 

exemplars. They find most communicators included in our study less persuasive than an 
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unknown communicator, except for scientists and collaborations between scientists and 

environmental NGOs. Members of Class 3 are more likely to be male and were more 

positive about CCS before the DCE. They also became significantly more positive as a 

result of participating in the DCE.  

Class 4, con bias (33.3%). In contrast to Class 3, members of Class 4 strongly prefer con 

arguments. Like Class 3 they prefer arguments with long causal chains or exemplars. The 

also prefer arguments that are communicated by scientists together with energy 

companies. Members of Class 4 had a more negative attitude towards CCS before the DCE 

and became significantly more negative as a result of participating in the DCE.  

Table 4-3 

Persuasiveness of Argument Components per Group (Attributes) 

     importance 

attribute wald χ2 sig wald χ2 (=) sig c1 c2 c3 c4 

consequence / principle 410.19 *** 396.35 *** .37 .54 .54 .48 

causal chain / framing device 302.76 *** 284.78 *** .31 .21 .25 .24 

communicator 420.11 *** 368.95 *** .31 .24 .20 .26 

position in choice set 68.61 ***   .02 .01 .01 .01 

Note. Wald χ2 tests significance of attribute, Wald χ2 (=) tests significance of difference in 

attribute levels between classes, * p < .05, **p < .01, ***p < .001. 
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Table 4-4 

Persuasiveness of Arguments Components per Group (levels) 

  c1 c2 c3 c4 

attribute level par sig par sig par sig par sig 

consequence / principle pro industrial applications -0.04 *** -0.34 *** -0.15 *** -0.71 *** 

 economic growth 0.12 *** 0.25 *** -0.01  -0.71 *** 

 economic opportunities NL -0.08 *** 0.37 *** 0.02  -0.74 *** 

 safety 0.35 *** -0.54 *** 0.49 *** -0.40 *** 

 energy supply -0.35 *** -0.23 *** 1.17 *** -0.39 *** 

 principle: dispose of garbage -0.05 *** 0.74 *** -0.03 *** -0.15 *** 

con climate change -0.29 *** 0.70 *** -0.64 *** 0.70 *** 

 real estate prices -0.45 *** -0.48 *** -0.12 *** 0.43 *** 

 unknown risks 0.04 *** 0.90 *** -0.32 *** 0.67 *** 

 risk of suffocation 0.40 *** -0.76 *** -0.60 *** -0.07 * 

 risk of groundwater acidification -0.21 *** -1.14 *** -0.33 *** 0.71 *** 

 principle: prevention before cure 0.57 *** 0.54 *** 0.53 *** 0.66 *** 

causal chain / framing 
device 

reference 0.00  0.00  0.00  0.00  

easy causal chain -0.16 *** 0.38 *** -0.47 *** -0.39 *** 

hard causal chain 0.30 *** 0.05  0.05 * 0.12 *** 

exemplar -0.29 *** -0.09 ** 0.35 *** 0.23 *** 

metaphor/catchphrase -0.17 *** -0.43 *** 0.03  -0.15 *** 

equivalency frame  -0.54 *** 0.06 * -0.06 ** -0.49 *** 

communicator none 0.00  0.00  0.00  0.00  

scientists -0.13 *** 0.89 *** 0.14 *** 0.12 * 

government 0.20 *** 0.09 *** -0.19 *** -0.11  

energy company 0.00  0.03  -0.42 *** 0.48 *** 

ENGO 0.07 *** 0.20 *** -0.10 *** 0.08 ** 

government & scientists 0.16 *** 0.08 * 0.00  0.27 *** 

government & energy companies 0.38 *** 0.26 *** -0.29 *** -0.15 * 

government & ENGOs 0.17 *** 0.16 ** -0.22 *** 0.05  

scientists & energy companies 0.06 *** 0.48 *** -0.16 *** 0.55 *** 

scientists & ENGOs 0.29 *** 0.63 *** 0.17 *** -0.24 ** 

ENGOs and energy companies -0.40 *** 0.24 *** -0.02  0.22 *** 

all communicators 0.44 *** 0.59 *** -0.48 *** -0.11 * 

position in choice set right -0.04*** 

Note. z tests significance of attribute levels. For dummy coding, level is compared to 

reference level. For effects coding, level is compared to average of all levels, ** p < .05, **p 

< .01, ***p < .001. 
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Table 4-5 

Receiver Characteristics per Group 

characteristic wald χ2 sig. category class 1 sig class 2 sig class 3 sig class 4 sig 

ccs attitude 74.15 ***  0.23 ** 0.01  0.39 *** -0.63 *** 

attitude change 21.19 ***  -0.04  0.16  0.42 ** -0.53 *** 

education level 16.15  very low -0.39  -0.25  0.27  0.37  

 
 

 low 0.26  -0.16  0.00  -0.10  

 
 

 medium 0.19  0.11  -0.12  -0.18  

 
 

 high -0.07  0.31 * -0.16  -0.09  

age 12.09 **  -0.01 ** 0.01 ** 0.00  0.00  

gender (female) 11.56 **  0.30 ** 0.06  -0.39 ** 0.02  

Note. *p < .05, **p < .01, ***p < .001. 

Discussion 

Communicators frame emerging technologies to simplify them for citizens and to 

strengthen public support for or resistance to these technologies. Some authors have 

argued that framing studies have based frames on the empirical context instead of 

deriving them from theory, and that these studies commonly lack clear operational 

definitions of the individual components of frames (Borah, 2011a; Cacciatore et al., 2016; 

De Vreese, 2012). These two problems impede our understanding of the factors 

determining the effectiveness of framing as a practice. To tackle these problems, we used 

the concepts of claims, reasoning devices, and framing devices (Gamson & Modigliani, 

1989), to operationalize the individual components of single arguments under 

competitive and non-competitive conditions.  

By using precise operational definitions of these components, we contribute to a better 

understanding of what components of frames drive their effectiveness. This improved 

understanding may help to combat the ambiguity surrounding framing in the literature. 

To this end, the framework of Gamson and Modigliani is useful because it indicates which 

components of a frame are likely to determine how citizens process the information (i.e. 

the applicability mechanism of framing): framing devices, such as metaphors, exemplars 

or catchphrases. For example, the rationale behind the effectiveness of metaphors is 

based on changing how citizens make connections between different domains, affecting 

how they process the information in turn. Other components of a frame, such as the claim 

and reasoning devices, likely play a different role in how citizens react to frames.  
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Because the effects of these components on persuasiveness were unclear, we investigated 

how they affect the persuasiveness of arguments for and against an emerging technology 

from different communicators, for different groups of citizens.  In our study, we 

distinguished three argument components: (1) the claim and consequence or principle, 

(2) framing devices and causal chains, and (3) the communicator. With regard to 

component 1, our results show three patterns. First, for both pro and con arguments, 

principles are perceived to be more persuasive than consequences. This underlines the 

effectiveness of communication focused on norms or principles (Bamberg and Möser, 

2007; De Groot and Steg, 2010) and corroborates earlier findings about CCS arguments 

(Broecks et al., 2016). Second, all of the arguments perceived to be the most persuasive 

are con arguments. This tendency might be caused by a negativity bias in the processing 

of information (Rozin & Royzman, 2001). Third, specific risks to human health and the 

environment are relatively unpersuasive; this also corroborates earlier findings about 

CCS arguments (Broecks et al., 2016). 

With regard to component 2, our results show two patterns. First, respondents find 

arguments with harder causal chains more persuasive than arguments with easier causal 

chains. Cobb and Kuklinski (1997) posit that hard arguments may be more persuasive 

than easy arguments for topics where actions and their consequence are difficult to 

connect. Considering the complexity of CCS, this is a plausible explanation for our result. 

Second, variations of exemplars do not differ significantly from the reference levels, while 

variations of metaphors and catchphrases are significantly less persuasive. This contrasts 

with the results of other studies showing the persuasiveness of metaphors (Sopory & 

Dillard, 2002), exemplars (Zillmann, 2006) and catchphrases (Laran et al., 2011). This 

means that it may be more effective to explain arguments through reasoning than to apply 

a framing device.  

With regard to component 3, the results show that scientists are substantially more 

persuasive than any other single communicator. As scientists are commonly seen as 

competent (Fiske & Dupree, 2014), this perception presumably explains the difference in 

persuasive effect. Furthermore, scientists are commonly viewed as public-serving, which 

can give them a credibility advantage over energy companies that are commonly viewed 

as organization-serving (Terwel et al., 2011). Although research ascribes substantial 
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credibility gains for collaborating communicators (Harkins & Petty, 1987; Ter Mors et al., 

2010), our findings only support the positive impact of collaborations with scientists.  

Through Latent Class Analysis, we identified four citizen groups that differ in their 

reactions to framing and reasoning devices. All four groups differ substantially in the 

importance of consequences and principles over causal chains and framing devices; some 

groups are much more conducive to framing devices than others. Two of the groups 

strongly prefer either pro or con arguments. This finding is in line with research into the 

attitude congruence bias or disconfirmation bias (Taber et al., 2009). The attitudes 

expressed by these classes of respondents became more polarized after participation in 

the experiment, as expected based on the literature (Keum et al., 2005). Our results show 

that this bias may be limited to particular segments of the population. 

Implications for communication 

Our results have three main implications for communication about emerging 

technologies. First, citizens are likely to scrutinize consequences and principles and to 

favor extensive causal chains. If communicators aim to engage citizens with their 

materials, they should incorporate principles that guide human behavior and explain the 

reasoning for their arguments. Those citizens that are likely to scrutinize arguments 

carefully favor communication from scientists, while others are more open to 

collaboration among various communicators.  

Second, despite the potential of framing devices to simplify and clarify complex topics 

(Burgers et al., 2016), we found no advantage to these approaches over reasoning devices 

in creating persuasive arguments.  

Third, citizens differ in their reactions to framing and reasoning devices. Our results 

corroborate earlier findings about receiver characteristics (e.g. the attitude congruence 

bias), but also provide novel insights into how different citizen groups focus on different 

frame components. Given the diversity of audience opinions about consequences, 

communicators are advised to incorporate a variety of consequences into their persuasive 

discourse. 
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Limitations  

Our study has five main limitations. First, we applied frames to single arguments with a 

single claim. Further research should explore whether our results hold for more 

complicated frames involving multiple claims, framing or reasoning devices. For example, 

after a certain threshold is reached, additional explanation (i.e. harder causal chains) is 

not likely to increase the argument’s persuasiveness or clarity. Research into the dilution 

effect has shown that irrelevant information can detract from the entire frame’s 

persuasiveness (De Vries et al., 2014). Yet, examining how this effect plays out when 

different framing and reasoning devices are combined is valuable. We further explore the 

nature of the dilution effect in the next chapter. 

Second, we used a design where respondents were exposed to multiple consecutive 

frames. Such a design is valuable because it allows competitive framing dynamics to be 

examined. Recent studies have argued that competitive framing conditions resemble 

citizens’ exposure to the media more closely than single frame conditions (Borah, 2011a; 

De Vreese, 2012; Druckman and Bolsen, 2011; Nisbet et al., 2013). Yet, the reactions of 

citizens likely differ between competitive and single frame conditions (Borah, 2011b; 

Chong & Druckman, 2007; E. C. Nisbet et al., 2013). This difference may limit the 

applicability of our results to particular information processing situations.  

Third, the explanatory mechanisms behind the effectiveness framing and reasoning 

devices needs additional research. The focus of our study was on the effect of these 

devices on the persuasiveness of arguments for various audiences. Isolating the various, 

separate effects of frames requires an alternative research design focused on cognitive 

mechanisms.  

Fourth, although conducted with a representative sample across a national population, 

this study focused on a single technology and a single country, which limits the 

generalizability of the results. Differences in culture, attitudes toward technology, or 

linguistic styles could impact the effects of particular reasoning and framing devices. 

Future research should examine these effects in other countries and for other emerging 

technologies to further scrutinize our results. 
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Fifth, it remains unclear to what degree the attitude changes are stable over time or 

translate into behavior in support of or in opposition to the emerging technology, such as 

sharing opinions on social media or signing petitions. We explore this issue in chapter six. 

 



 

 

  



   

 

 



 

 

5. The Communicator’s Dilemma 
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To encourage citizens to engage with emerging technologies, communicators should craft 

interesting messages that foster citizens’ understanding of science and technology 

(Schäfer et al., 2018; Takahashi & Tandoc, 2016). With these messages, communicators 

commonly aim to persuade citizens of the importance of science and technology 

(Scheufele, 2013). In this study, we investigated such persuasive messages. We examined 

the clarity and interestingness of messages alongside their persuasiveness because 

citizens tend to process uninteresting or unclear messages with heuristics, leading to 

unstable, temporary attitude changes (Chen & Chaiken, 1999; Petty & Wegener, 1999). 

Insight into the clarity and interestingness of messages helps communicators to write 

messages that engage citizens and create enduring change. 

Guidelines for writing clear, persuasive and interesting messages commonly advise 

communicators to include numerous message components; they should explain how the 

technology works (Kraeusel & Möst, 2012; Sharp et al., 2009; Wallquist et al., 2012), 

discuss its consequences (Broecks et al., 2016; Renn & Benighaus, 2013), activate norms 

(Aklin & Urpelainen, 2014), and elucidate how decisions will be made (Terwel et al., 

2010). Yet, conveying too much information simultaneously disrupts citizens’ processing 

of the message (Harp & Mayer, 1998), which dilutes the message’s quality and 

persuasiveness (de Vries et al., 2014). Message components can enhance persuasiveness 

by conveying relevant information, but can also reduce persuasiveness through the 

dilution effect. These opposing effects create a communicator’s dilemma: communicators 

that include too few message components omit crucial information, while communicators 

that include too many components dilute their message’s persuasiveness. 

Communicators cannot solve this dilemma with guidelines from previous studies for two 

reasons. First, previous studies commonly investigated a single component type (O’Keefe, 

2014), such as norms (Aklin & Urpelainen, 2014), arguments (Broecks et al., 2016; Renn 

& Benighaus, 2013) or techno-economic characteristics (Kraeusel & Möst, 2012; Sharp et 

al., 2009; Wallquist et al., 2012). These studies cannot reveal the relative importance of 

multiple components – which components contribute most to the clarity, persuasiveness, 

or interestingness of messages. Hence, these studies cannot show communicators how to 

decide which of these components to include in their messages.  
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Second, previous studies did not show how the dilution effect differs between citizens. 

Dual processing models (Chen & Chaiken, 1999; Petty & Wegener, 1999) suggest that the 

dilution effect is weaker for involved, knowledgeable citizens with a high need for 

cognition because additional information does not distract or disrupt them. By 

understanding this moderation, communicators can better tailor messages to their 

audience.  

To tackle these two literature gaps and help communicators to solve the communicator’s 

dilemma, we pose the following research questions: 

Research question 1: What message components contribute most to the persuasiveness, 

clarity, and interestingness of messages that support or oppose emerging technologies? 

Research question 2: How does the audience’s knowledge, motivation and need for 

cognition influence the dilution effect? 

To answer the research questions, we performed a conjoint experiment where 

respondents read six messages about CCS. Twelve components of the messages, such as 

the technological characteristics or arguments, varied systematically. Respondents 

indicated whether they found the messages clear, persuasive and interesting. The main 

advantage of a conjoint method is that multiple message components are investigated 

simultaneously, which allows the researcher to determine which of these components is 

most important in determining the response. Our experimental design excluded each 

component from some messages. By examining the effect of adding the component to the 

message, we determine each component’s contribution to the message’s persuasiveness, 

clarity or interestingness, answering research question 1. 

To answer research question 2, we investigate the effect of the message’s length on 

persuasiveness, clarity and interestingness and the interaction of length with the 

audience’s knowledge, motivation and need for cognition. We use the answers to both 

questions to show communicators how to solve the communicator’s dilemma for 

audiences that differ in knowledge, motivation and need for cognition.  

To examine the communicator’s dilemma for emerging technologies, we focus on Carbon 

Capture and Storage (CCS). CCS is a suitable case for our research question for two 

reasons. First, communicators commonly require many components to write 
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comprehensive messages about CCS because the technology is complex and multifaceted 

(van Egmond & Hekkert, 2012), its development is accompanied by many interlinked 

uncertainties (Hansson & Bryngelsson, 2009; Watson et al., 2014) and the discourse 

involves numerous stakeholders that use diverse arguments (Boyd and Paveglio, 2014; 

Van Egmond and Hekkert, 2012). The difficulties in writing comprehensive messages 

about CCS intensifies the communicator’s dilemma for stakeholders involved in its 

development.  

Second, most citizens do not yet have strong opinions about CCS (de Best-Waldhober, 

Daamen, et al., 2012; Upham & Roberts, 2011). Because most citizens are still undecided, 

they are susceptible to new information and less likely to disregard information that is 

incongruent with their opinion (Taber et al., 2009). Selecting CCS as a case for our study 

ensures that our research is applied to a technology where (1) the communicator’s 

dilemma is pertinent and (2) citizens are relatively unlikely to disregard messages that 

conflict with their opinion. 

Theory 

Persuasive communication is defined as “any message that is intended to shape, reinforce, 

or change the responses of another, or others” (Stiff and Mongeau, 2016, p.4). Central to 

this definition is the intention to affect others’ responses: the communicator intends to 

persuade an audience to accept their claim. An example is a communicator claiming that 

an emerging technology should be supported or opposed.  

Another central tenet of this definition is that messages can change responses beyond 

attitudes or behavior. We elicit three responses to communication – persuasiveness, 

interest and clarity. Dual processing models, such as the Heuristic-Systematic Model 

(HSM; Chen & Chaiken, 1999) and the Elaboration Likelihood Model (ELM; Petty & 

Wegener, 1999), specify how these responses interrelate. These models suggest that 

citizens process messages systematically when they have the ability and motivation to do 

so. Citizens are commonly unable to process unclear messages systematically and 

unmotivated to process uninteresting messages systematically. Messages that are 

processed heuristically instead of systematically are unlikely to foster enduring attitude 

change.  
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The responses we elicited are the perceived persuasiveness, clarity and interestingness of 

the messages. The perceived effectiveness of messages correlates substantially with their 

actual effectiveness – attitude or behavior change in the target audience (Dillard et al., 

2007). Measuring the actual effectiveness of communication about controversial, 

emerging technologies in real life situations is not always feasible or desirable. 

Furthermore, our experimental design uses multiple – possibly competing – messages, 

which necessitates the use of perceived effectiveness measures, as any attitude or 

behavior change resulting from the experiment cannot be attributed to any single 

message. For these reasons, we elicited the perceived persuasiveness, clarity and 

interestingness of communicated messages. 

Message strategies 

To elicit the desired message response, communicators use various message strategies. A 

message strategy refers to the type of appeal that is made in the message (Brunsting et al., 

2011). Each strategy targets a different antecedent of attitudes, acceptance or behavior. 

Hence, the rationales for these strategies and their success conditions differ (Brunsting et 

al., 2011; O’Keefe, 2003; Stiff & Mongeau, 2016). These strategies are not mutually 

exclusive and are often used simultaneously. In this section, we discuss five common 

message strategies for communicating about emerging technologies. Although this 

overview does not encompass every possible strategy, it covers the range of antecedents 

commonly included in models for socio-political acceptance of emerging technologies: 

knowledge, perceived consequences, norms (injunctive or descriptive) and fairness or 

justice considerations (Brunsting et al., 2011; Huijts et al., 2012; L׳Orange Seigo et al., 

2014).  

We excluded strategies focused on fostering trust in the communicator. The overview of 

message strategies does not include this strategy because it is centered on the 

communicator of the message instead of the message itself which is not our study’s 

primary focus. Nevertheless, communicator characteristics are included in our study and 

the role of trust is discussed in an upcoming section. 

Reduce knowledge deficit. The first strategy targets knowledge. This strategy’s 

rationale is that a lack of public support for emerging technologies is caused by a lack of 

knowledge among citizens (Cacciatore et al., 2012; Dowd et al., 2014; Milfont, 2012). 
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Communication guidelines traditionally advocated a knowledge deficit strategy that 

focuses on fostering understanding, filling knowledge gaps and correcting 

misconceptions (Fischhoff, 1995; Scheufele, 2013). Yet, the evidence for this relationship 

is mixed and the effect of knowledge on attitudes is likely more complex than originally 

hypothesized (M. C. Nisbet & Scheufele, 2009; Scheufele, 2013; Sturgis & Allum, 2004). 

Other criticisms of a knowledge deficit strategy are that emphasizing public ignorance 

may alienate key audiences and that fixating on knowledge provision neglects the role of 

trade-offs between values, risks and benefits in political decision making (M. C. Nisbet & 

Scheufele, 2009). Hence, other message strategies should supplement knowledge 

provision. 

Activate perceived consequences. The second strategy targets perceived consequences 

(e.g. risks, costs or benefits). This strategy’s rationale is that citizens’ perception of 

consequences affects their attitudes toward emerging technologies (Gupta et al., 2012). 

Communicating consequences can indeed affect people’s opinions about technologies (de 

Best-Waldhober, Daamen, et al., 2012; Kraeusel & Möst, 2012). The persuasiveness of 

specific consequences depends primarily on whether they resonate with citizens’ existing 

beliefs (Bruine de Bruin & Bostrom, 2013; Kahan et al., 2012; M. C. Nisbet & Scheufele, 

2009).  

Activate injunctive norms. The third strategy targets injunctive norms. Injunctive 

norms emphasize moral obligations and endorse specific actions; these norms describe 

what people should do (Cialdini et al., 1990). Appealing to an injunctive norm corresponds 

to appealing to a principle in the framework of Gamson and Modigliani (1989) in chapter 

4. This strategy’s rationale is that citizens tend to conform to norms because norms 

promise social sanctions when someone violates them (Cialdini et al., 1990). Hence, 

citizens’ norms and values can affect attitudes toward emerging technologies (Persson et 

al., 2015), inspire environmentally friendly behavior (Bamberg & Möser, 2007; Cialdini et 

al., 1990), and raise support for or opposition to nuclear energy (De Groot & Steg, 2010). 

The persuasiveness of specific norms depends primarily on whether they resonate with 

citizens’ existing norms and values (Kahan et al., 2012; M. C. Nisbet & Scheufele, 2009). 

Activate descriptive norms. The fourth strategy targets descriptive norms. Descriptive 

norms depict how other people typically behave or think (Cialdini, Kallgren, & Reno, 
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1991). While injunctive norms prescribe desirable behavior, descriptive norms describe 

typical behavior. Communicating descriptive norms can induce conformity to the 

behavior that is established as the norm (Nolan, Schultz, Cialdini, Goldstein, & 

Griskevicius, 2008). For example, communicating how many students strive to reduce 

their bottled water consumption can reduce intentions to consume bottled water among 

the audience (van der Linden, 2015). Activating descriptive norms or combining norm 

activation with information provision likely affects behavior more strongly than only 

providing  information (Seyranian, Sinatra, & Polikoff, 2015; van der Linden, 2015).  

Activate justice considerations. The fifth strategy targets justice or fairness 

considerations. This strategy’s rationale is that the public acceptance of emerging 

technologies depends on distributive and procedural justice (Gross, 2007; Huijts et al., 

2012; Wüstenhagen et al., 2007). Distributive justice is defined as distributing the costs 

and benefits of a technology fairly over all relevant stakeholders. Procedural justice is 

defined as giving all relevant stakeholders the opportunity to participate fairly in the 

decision making process (Wüstenhagen et al., 2007; Zhang, 2015). Communicating about 

fairness or about measures that stakeholders take to promote fairness (e.g. ownership 

models or participatory planning processes) can improve the acceptance of emerging 

technologies (Tabi & Wüstenhagen, 2017). 

The dilution effect 

The dilution effect explains why people moderate their inferences about people or 

products when irrelevant information is added to relevant information about a person 

(Nisbett, Zukier, & Lemley, 1981) or product (Meyvis & Janiszewski, 2002). For example, 

describing consumers’ eye color alongside their views on sustainability can decrease the 

likelihood that an audience infers that the consumers buy sustainable products. The 

dilution effect is stronger when the audience needs to justify their decisions (Tetlock & 

Boettger, 1989) and when the irrelevant information does not change the interpretation 

of the relevant information (Peters & Rothbart, 2000). Studies demonstrated the presence 

of dilution effect in juror decisions (H. D. Smith, Strasson, & Hawkes, 1999), financial 

audits (Etterson, Shanteau, & Krogstad, 1987), product evaluations (Meyvis & 

Janiszewski, 2002), and – more recently – persuasive communication about emerging 

technologies (de Vries et al., 2014). 
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Irrelevant information affects the persuasiveness of communication by diluting the 

overall quality of the information (de Vries et al., 2014). Irrelevant details distract the 

audience, disrupt the coherence of the message or activate irrelevant prior knowledge 

(Harp & Mayer, 1998). As irrelevant details distract or disrupt the audience, it is likely 

that the clarity and interestingness of the message suffer as well.  

Previous dilution effect studies are constrained by their reliance on categorizing 

information relevance a priori into three categories – relevant, moderately relevant and 

irrelevant information. Consequently, studies may show inconsistent results because they 

categorize relevance differently. In addition, this categorization cannot be applied in 

communication guidelines without first identifying which information is irrelevant or 

moderately relevant. Furthermore, nonlinear dilution effects cannot be investigated with 

this categorization. For example, the dilution effect may become stronger or weaker after 

a threshold in the amount of irrelevant information is reached.  

For these reasons, we conceptualize dilution as the negative effect of the message’s length 

instead of categorizing components a priori on relevance. In our conceptualization, any 

message component that is added to the message’s foundation can dilute its effectiveness. 

Because this conceptualization does not rely on a priori categorizations, it can be used 

more consistently over studies. It also allows nonlinear dilution effect to be examined. We 

pose the following hypothesis: 

Hypothesis 1: the length of the messages has a negative effect on the clarity, persuasiveness 

and interestingness of the message. 

Dual processing models suggest that the dilution effect could be moderated by the 

audience’s knowledge, motivation and need for cognition (Chen & Chaiken, 1999; Petty & 

Wegener, 1999). These models show that citizens commonly attempt to limit cognitive 

effort, relying on heuristics to process information (Fiske & Taylor, 2013). Only involved, 

knowledgeable citizens with a high need for cognition process information systematically, 

scrutinizing the quality of the arguments (Cacioppo, Petty, Feinstein, & Jarvis, 1996; Chen 

& Chaiken, 1999; Petty & Wegener, 1999). It is likely that the dilution effect is weaker for 

citizens that are involved, knowledgeable and have a high need for cognition because they 

are not distracted or disrupted by the additional information. 
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Hypothesis 2: the dilution effect is weaker for respondents with high knowledge, motivation 

and need for cognition 

Other communication characteristics (control variables) 

We included three other communication characteristics that affect message 

persuasiveness, but are not part of a message strategy as control variables: the claim’s 

valence, the congruence between message components and the message’s communicator. 

Claim valence. The first control variable we include is the claim’s valence – whether the 

claim supports or opposes using an emerging technology. Claims opposing a technology 

are likely more persuasive than claims supporting a technology because negative 

information attracts the reader’s attention and influences decisions more strongly than 

positive information (Rozin & Royzman, 2001). Furthermore, citizens are often wary of 

new policy initiatives (Cobb & Kuklinski, 1997) and complex, uncertain technologies 

(Slovic, 1987). Yet, the extent and direction of the negativity bias may differ between 

individuals (Fazio et al., 2015). To account for this bias, we include the claim’s valence as 

a control variable. 

Congruence. The second control variable is the congruence between message 

components. A message is congruent or one-sided when the communicator focuses 

exclusively on arguments or norms that support their claim, while a message is 

incongruent or two-sided when the communicator acknowledges opposing arguments or 

norms (Stiff & Mongeau, 2016). Messages with congruent norms are more effective at 

changing behavior than messages with incongruent norms (J. R. Smith et al., 2012) 

because citizens perceive unaligned norms as justification to not translate attitudes into 

behavior (J. R. Smith & Louis, 2008).  

Evidence for the effect of congruence between arguments is more mixed. One the one 

hand, incongruent arguments may be less persuasive because contradictory information 

creates uncertainty and confusion, leading the audience to discredit the information and 

devalue the source of information (Chang, 2015). On the other hand, one-sided or 

congruent messages can be perceived as manipulative, leading to the audience to perceive 

the communicator as illegitimate. Yet, this effect is likely limited to communicators where 

impartiality is expected, such as news agencies (de Vries et al., 2016). A meta-analysis of 
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research into message sidedness showed that congruent arguments are more persuasive 

than incongruent arguments, unless one argument refutes the other argument (O’Keefe, 

1999). To account for these effects, we include a congruence variable in our study.  

Communicator. The third control variable is the message’s communicator. 

Communicator characteristics can enhance or reduce the persuasiveness of 

communication (Pornpitakpan, 2004). Dual process models suggest that the 

communicator’s credibility can enhance persuasiveness by acting as a heuristic cue for 

citizens without sufficient motivation or knowledge to scrutinize the available 

information (Chaiken & Maheswaran, 1994).  

Organizations or individuals that are perceived as trustworthy and competent can 

communicate credibly (Pornpitakpan, 2004). Scientists, engineers, and doctors are 

examples of communicators that are commonly seen as competent (Fiske & Dupree, 

2014). The communicators’ intent or inferred motives determine whether they are also 

viewed as trustworthy. For example, citizens likely trust environmental NGOs more than 

industrial organizations because citizens attribute public-serving motives to 

environmental NGOs and organization-serving motives to industrial organizations 

(Terwel et al., 2011).  

Communicators can further enhance the their message’s persuasiveness by collaborating 

with other communicators (Harkins & Petty, 1987). Collaboration is especially effective 

for dissimilar collaborators, such as environmental NGOs and energy companies  (Ter 

Mors et al., 2010). To account for these effects, we include several different 

communicators in our study – single communicators, as well as collaborating 

communicators. 

Method 

Participants 

Data was collected using a nationwide online panel in the Netherlands (N = 1986). The 

sampling procedure used quotas for age, gender, education level, and state of residence 

to ensure that the sample was representative of the adult (minimum age of 18) Dutch 

population. Respondents were slightly younger on average (M = 47.7 years, SD = 15.3 

years) than the population (μ = 48.7 years) (CBS, n.d.). The gender division was almost 
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equal (49.8% males). Education levels were classified as very low, low, medium and high 

according to the classification system of the Dutch Central Bureau of Statistics (CBS, n.d.); 

respondents were more highly educated (34.4%) than the general population (28.3%). 

Respondents slightly over-represented the southern region of the Netherlands (25.1%; in 

population 23.7%). To control for these differences, we included a weight factor in the 

analysis. Panel members received financial compensation for their participation.  

Materials 

To design the messages, we held two workshops with CCS experts from academia, 

knowledge institutes and industry (see chapter 1). In the first workshop, we determined 

the messages’ structure. We also familiarized the experts with conjoint experiments and 

our theoretical framework. We then asked the experts to list any components that could 

substantially affect the message’s effectiveness. We refined this component inventory by 

selecting components with empirically supported effects on message effectiveness. In the 

second workshop, the experts filled out a preliminary set of conjoint tasks to give them 

hands-on experience with our research method. Using expert feedback, we then further 

refined the number of components. To keep the number of required respondents within 

reasonable limits, we narrowed the number of components down to twelve. 

Message structure. In each message, a CCS stakeholder attempted to persuade the public 

to accept one of two claims: (1) the use of CCS in the Netherlands should be supported, or 

(2) the use of CCS in the Netherlands should be opposed. As we focus on socio-political 

acceptance in this thesis instead of community acceptance, the aim of the messages was 

not to persuade specific communities to support or oppose specific CCS projects.  

In each message, the communicator substantiated their claim with a short, 

comprehensible, written message. Hence, we excluded figures (L’Orange Seigo et al., 

2013) and extensive technical information, such as the properties of CO2 or the 

mechanisms of CO2 injection, from the messages (Dowd et al., 2014; Wallquist et al., 

2011). In writing the messages, we used a combination of the five strategies discussed in 

the theory section: reduce knowledge deficit, activate perceived consequences, activate 

injunctive norms, activate descriptive norms and activate justice considerations. To this 

end, our messages were constructed around answering the following questions: 
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1. What technology is supported/opposed?  

2. Where will the technology be deployed? 

3. Why should the technology be supported/opposed?  

4. Who supports/opposes the technology?  

5. How should be decided whether the technology should be used?  

In this manner, the messages depicted an imaginary, but realistic future for CCS. This 

depiction suits emerging technologies because their impact on society lies in the future 

rather than the present (Rotolo et al., 2015). Other approaches for constructing messages 

are viable, such as stories that focus on individual experiences with the technology (Aarøe, 

2011; Hart, 2011; Iyengar, 1994) or endorsements of the technology by opinion leaders 

(Tripp, Jensen, & Carlson, 1994). However, the importance of procedural and distributive 

justice in deploying emerging technologies necessitates a broader approach that 

highlights the future role of the technology in society. Another reason for using this 

structure is that it allows us to combine components from the five different message 

strategies into a single message. This combination enables us to investigate the relative 

impact of different message components on persuasiveness, clarity and interestingness.  

Our basic message structure is displayed in Figure 5-1, which shows the message’s core, 

and each of the twelve message components, displayed in square brackets. Each message 

component is varied in each message using experimental design. 

  



The Communicator’s Dilemma 

93 

Message from […communicator…]. 

[…Climate consequence…]. To combat climate change, the emissions of CO2 need to be 

reduced. CO2-storage is one of the ways of reducing CO2 emissions.  

With this technology, CO2 is separated from other emissions of, for example, a power plant. 

The CO2 is then transported […pipeline transport…] to a location […storage location…]. The 

gas is stored there for a long time […storage depth terminology…] […storage terminology…].  

 […Argument 1…]. […Argument 2…]. […Role of CCS in energy mix…]. […Descriptive norm…].  

For this reason, […communicator…] […claim…] the use of CO2-storage in the Netherlands. 

[…Decision making procedure…] 

Figure 5-1 Basic message structure 

Message components. In each message, we varied twelve components. In conjoint 

experiments, the components that vary between messages are called factors or attributes, 

while the possible changes within a component are called levels. All components and their 

variations are displayed in in Appendix D.  

Pipeline transport (knowledge deficit). CO2 is commonly transported via pipeline from 

the point of capture to a storage site. Yet, citizens tend to prefer CCS configurations 

without pipeline transport (Wallquist et al., 2012). To examine this effect, we included 

two levels for pipeline transport – one level mentions pipeline transport, while the other 

level does not. 

Storage location (knowledge deficit). In general, citizens prefer storage sites outside of 

their own municipality (Wallquist et al., 2012). Citizens living in close vicinity to potential 

storage sites also have a lower acceptance of CCS (Braun, 2017). To examine the effect of 

storage location, we include seven levels that describe various onshore and offshore 

storage locations – both within and outside of the respondent’s own municipality. 

Storage terminology (knowledge deficit). Citizens often misunderstand how CO2 is 

stored underground (de Best-Waldhober, Brunsting, et al., 2012). Terminology 

differences may affect whether citizens understand CCS correctly, although evidence for 
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this effect is mixed (Ha-duong et al., 2009). To examine the effect of storage terminology, 

we include three, common terms for describing a storage site. 

Storage depth terminology (knowledge deficit). Citizens may also misunderstand CO2 

storage because they perceive the depth of storage incorrectly (L’Orange Seigo et al., 

2013). Numerical information is commonly better understood, perceived as more 

trustworthy, and creates more satisfaction than verbal information (Visschers, Meertens, 

Passchier, & de Vries, 2009). Hence, we examine the effect of three, different verbal and 

numerical terms for the quantification of storage depth. 

Climate change mitigation portfolio (knowledge deficit). Citizens’ concerns about the 

competition of CCS with renewables may be alleviated by presenting CCS as part of a 

climate change mitigation portfolio (Fleishman et al., 2010; Mayer et al., 2014). To 

examine this portfolio effect, we included a component with two levels – one level states 

the role of CCS in the mitigation portfolio, while the other level does not. 

Climate change arguments (activate perceived consequences). Because climate change 

mitigation is the primary reason to use CCS, we included this argument in every message. 

We instead varied the climate change consequence that the argument describes. 

Communicating these consequences can promote positive attitudes towards climate 

change mitigation (Spence & Pidgeon, 2010). Communicating negative, avoidance-related 

consequences may foster agreement with claims that reducing greenhouse gas emissions 

is important (Bertolotti & Catellani, 2014). Describing public health issues rather than 

environmental issues may elicit stronger emotions consistent with support for climate 

change mitigation (Myers, Nisbet, Maibach, & Leiserowitz, 2012). To examine these 

effects, we vary the consequences of climate change between an environmental 

consequence, a public health consequence and a general consequence. 

Arguments 1 and 2 (activate perceived consequences or injunctive norms). In contrast 

to expert views, citizens find climate change arguments relatively unpersuasive (Broecks, 

Van Egmond, Van Rijnsoever et al., 2016; Kraeusel and Möst, 2012). Consequently, 

consequences with a more direct, concrete impact, such as economic benefits, may be 

more persuasive (Broecks et al., 2016). We selected 6 additional pro and 6 con arguments 

that citizens considered most persuasive and important in a prior CCS communication 

study (Broecks et al., 2016). To examine the congruence between claims, arguments and 
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norms, we used two attributes for these additional arguments which varied 

independently of one another. Hence, messages either included no additional arguments, 

one pro or con argument, two pro or con arguments, or one pro and one con argument. 

Descriptive norms (activate descriptive norms). We included statements that describe 

the public opinion about the communicator’s claim. The norms differed in the strength of 

opposition or support to the claim (10%, 38%, 62% and 90%). Research intro attribute 

framing shows that the effect of such percentages depends on how they are framed (Levin 

et al., 1998; Morton, Rabinovich, Marshall, & Bretschneider, 2011). For example, a norm 

can be framed as 10% opposition or as 90% support. These statements are logically 

equivalent, but framed differently. To examine this effect, we include equivalence frames 

for each of the four percentages of support. The effect of a norm depends on the reference 

group of the norm. Descriptive norms have stronger effects when the audience perceives 

themselves as similar in demographics or attitudes to the norm’s reference group (Rimal, 

2008; Rimal & Lapinski, 2015). To examine this effect, we include two reference groups 

in the norm; the general public and inhabitants of the respondent’s municipality. 

Decision making process (activate justice considerations). Our messages targeted a 

general public rather than a specific community hosting a specific project. As measures 

designed to tackle distributive injustices depend strongly on the nature of specific 

projects, we focused only on measures designed to improve procedural justice. As the 

primary method to improve procedural justice is to instigate participatory decision 

making (Tabi & Wüstenhagen, 2017; Terwel et al., 2010), we included three decision 

making levels; participatory, municipal-level decisions or national-level decisions. We are 

primarily interested in the impact of participatory decision making rather than the most 

effective participatory process. Hence, we do not differentiate between types of 

participatory processes here, such as a public hearing versus a referendum (Tabi & 

Wüstenhagen, 2017). 

Communicator (control). To examine the effect of the communicator, we included four 

individual CCS communicators: scientists, the national government, energy companies 

and environmental NGOs (Ter Mors et al., 2010; Terwel et al., 2011). To examine the 

influence of collaboration, we included combinations of two communicators and a 
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combination of all communicators. We also included a variation where the communicator 

was unknown as a reference level for the analysis.   

Claim valence (control). To control for the effect of the claim’s valence, we varied the 

claim between support for CCS and opposition to CCS. 

Other message characteristics. Apart from the twelve message components, we also 

included two characteristics of the entire message in the analysis. 

Length. Message length was measured by counting the total number words in each 

message. The messages varied between 117 and 206 words (M = 159.1 words; SD = 30.3 

words). 

Congruence. We constructed a measure for the congruence between the message’s claim, 

the arguments and the descriptive norm. If both the arguments and the norm oppose the 

claim, congruence is scored as a zero. If both the arguments and the norm support the 

claim, congruence is scored as six. The arguments and the norm contributed equally to 

the congruence measure – a maximum contribution of three points per component. These 

three points were then divided equally over the levels between maximum opposition to 

the claim and maximum support for the claim.  

Procedure 

Respondents evaluated six messages, indicating for each message whether it was 

persuasive, clear and interesting (see Figure 5-2). To determine which message 

components appeared in each message, we used an S-efficient design (S-estimate = 24.9, 

D-error = 0.09). An S-efficient design uses prior information about the effects of factors 

and levels to generate a design that minimizes the sample size required to obtain reliable 

parameter estimates (Rose & Bliemer, 2013). We included priors for the argument and 

communicator components, which were based on empirical study 2 (see chapter 4). We 

used 384 different messages. We blocked the design into 64 blocks to reduce the number 

of tasks per respondent to six. Respondents were assigned randomly to a block. The 

experimental design was generated with the software package Ngene. 

The experiment was included in an online survey. Before answering any survey questions, 

the respondents were introduced to the study’s goal and read a short introduction to CCS 
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(see Appendix A). They then answered questions about their attitude, awareness and 

knowledge of CCS and proceeded with the experiment. Respondents spent 32.6 seconds 

on average on each message (SD = 30.3 sec.), so it is likely that they read the messages 

carefully. They could also comment on their decision (7% of messages were commented 

on). After the experiment, their attitude toward CCS was assessed again, along with their 

motivation and need for cognition. 

CCS attitude. CCS attitude was measured with four five-point Likert items (1 = disagree 

completely, 5= agree completely): “I am positive about CO2 storage, “CO2 storage is 

dangerous” (reverse scoring), “CO2 storage is useful,” and “I am opposed to CO2 storage” 

(reverse scoring). We averaged these items to construct one CCS attitude scale. The 

reliability of the scale is good (αpre = .78, αpost = .81). 

Knowledge. Knowledge was measured with a self-reported or subjective knowledge 

scale. The use of subjective knowledge scales for investigating information processing 

ability is common (MacInnis, Moorman, & Jaworski, 1991). The main advantage of 

subjective over objective knowledge measures is that subjective measures do not give 

respondents additional information (e.g. knowledge test questions). This additional 

information can influence how citizens respond to messages that are read afterwards. 

This problem can be avoided by measuring subjective knowledge. Yet, a subjective 

knowledge scale should be interpreted carefully because it may primarily measure the 

confidence of the respondent in their ability to process the available information. To 

measure subjective knowledge, we included one five-point Likert item (1 = disagree 

completely, 5= agree completely): “I know a lot about CCS”. 

Motivation. Motivation was measured as the goal-directed arousal of respondents to 

process the messages. The main advantage of this indicator is that it taps the arousal 

function of motivation directly rather than an antecedent of motivation, such as personal 

relevance of the message’s topic (MacInnis et al., 1991). To this end, we included three 

five-point Likert items (1 = disagree completely, 5 = agree completely): “The questionnaire 

was interesting”, “I learned a lot from the questionnaire about CCS”, and “The 

questionnaire motivated me to think carefully about the messages”. The reliability of the 

scale is good (α = .80). 
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Need for cognition. Need for cognition was measured with an adapted version of the 

scale develop by Petty and Cacioppo (1982) and Cacioppo et al. (1984). We reduced the 

scale from eighteen items to six items by selecting items that correlate strongly with the 

total need for cognition score (1 = disagree completely, 5 = agree completely): “Thinking is 

my idea of fun”, “I like to handle  situations that requires a lot of thinking”, “I prefer 

complex problems to simple problems”, “I avoid situations where I have to think in depth 

about something”(reverse scoring), “I only think as hard as I have to” (reverse scoring), 

“Learning new ways to think excites me”. The reliability of the scale is good (α = .82). 

Message from the National Government. 
 
Climate change has severe consequences, such as rising sea levels and floods. To combat climate, the 
emissions of CO2 need to be reduced. CO2-storage is one of the ways of reducing CO2 emissions. 
 
With this technology, CO2 is separated from other emissions of, for example, a power plant. The CO2 is then 
transported via pipeline to a location under the North Sea. The gas is stored there for a long time deep 
underground in an empty gas field. Research shows that 90% percent of Dutch citizens is negative about CO2-
storage. 
 
A benefit of CO2-storage is that gas or coal plants with CO2-storage are not dependent on the weather and 
can, therefore, always supply power. This is not the case for solar and wind energy. Furthermore, the 
Netherlands is a frontrunner in knowledge and opportunities for CO2-storage. Let’s not waste this advantage. 
 
For these reasons, the National government supports the use of CO2-storage in the Netherlands.  
 

I find this message … yes no 

1. …persuasive □ □ 

2. …clear □ □ 

3. …interesting □ □ 

 

(Optional) Do you have any remarks about the message? 
  

Figure 5-2 Example conjoint task  
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Analysis 

We first tested whether the range of messages to which an individual was exposed 

affected their attitude toward CCS. Histograms of attitude change show a non-normal, but 

symmetrical distribution. Consequently, we use the non-parametric alternative for a 

paired samples t-test: a Wilcoxon signed-rank test. 

We then estimated three adjacent-category ordinal logit models with Latent Gold 5.1 

using the rating (1 or 0) for persuasiveness, clarity and interestingness as a binary 

dependent variable in each model. As independent variables we included the twelve 

message components (attributes), the message’s length and the message’s congruence. In 

addition, we included three interaction effects; length X knowledge, length X motivation, 

and length X need for cognition. All attributes were dummy coded – the none-level was 

set as the reference level. Apart from the claim’s valence, the parameters for the attributes 

show whether each level differs significantly from the none-level. We also included a 

random intercept in the models to correct for differences in response level between 

respondents (Magidson & Vermunt, 2006). 

We explored several alternative models. In line with best practice (Nylund et al., 2007), 

we use the Bayesian Information Criterion (BIC) to compare the fit of these models to the 

basic model. We first explored the linearity of the length effect with two separate models. 

In the first model, we included a quadratic term for length. Including the quadratic term 

reduced model fit. The effect of the quadratic term was also nonsignificant. In the second 

model, we included length as a nominal instead of a numeric attribute. In such a model, 

the effect of length on persuasiveness, clarity or interestingness can take any shape. A 

scatterplot of the parameters of this model show a strong, negative, linear trend. 

Furthermore, this model had a substantially lower fit than the model with length as a 

numeric attribute These results imply that a linear specification of length is optimal for 

our models. Hence, we only included a linear term for length in the final models. 

We also examined interactions between the arguments and the message’s claim. Including 

this interaction in the model did not improve fit. Most interaction effects are not 

significant, except for the positive interaction between a con position and unknown risks 

(arg2; p < .05) and the unimportance of CCS for climate change mitigation (arg2; p < .10). 

In the interest of parsimony, we did not include these interactions in the final models. 
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Results 

Descriptive statistics 

Most respondents had heard about CCS before participating in the survey (73.1% aware, 

16.8% unaware and 10.1% uncertain). Yet, they tend to disagree with the statement that 

they have a lot of knowledge about CCS (27.9% disagrees completely, 28.6% disagrees, 

30% neither agrees nor disagrees, 11.6% agrees, 1.9% agrees completely). This level of 

awareness and knowledge resembles results from previous studies (Ashworth et al., 

2015; de Best-Waldhober, Brunsting, et al., 2012). Respondents were relatively motivated 

to process the messages (M = 3.39, SD = 0.73) and scored relatively high on need for 

cognition (M = 3.56, SD = 0.59). Knowledge, motivation and need for cognition (NFC) 

correlate weakly (ρmotivation, knowledge = .10; rmotivation, NFC = .23; ρknowledge, NFC = .18) 

Attitude change 

A Wilcoxon signed-rank test shows that significantly more respondents changed their 

attitude in a negative direction (36.5%) than a positive direction (21.6%), z = -9.25, p < 

.001. A substantial minority of respondents did not change their attitude (41.9%). These 

attitude changes resemble the results from empirical studies 1 and 2.  

Persuasiveness, clarity and interestingness of message components 

The models fit the data well, McFadden R2 = .64 - .69 (J. L. Louviere et al., 2000). Out of all 

respondents’ ratings, 86.8% - 90.4% is predicted correctly. From all messages, 74.8% was 

clear, 64.2% was interesting and 48.5% was persuasive. For most respondents, messages 

need to be clear and interesting to be persuasive – 81.6% of persuasive messages is clear 

and interesting. 

The relative importance shows that the message’s length, the arguments, the 

communicator and the decision making process have the largest influence on the 

message’s effectiveness (see Table 5-1). As is customary in conjoint studies, relative 

importance is calculated by taking the difference between the highest and lowest level 

parameters within a factor and then rescaling all differences so that they sum to 1. The 

importance differs slightly between the three models; the communicator and the 

descriptive norm are more important for the interestingness than for the persuasiveness 

or clarity of the message. 
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Most message components improve the message’s persuasiveness significantly, in order 

of relative importance: (1) argument 1, (2) the decision making process, (3) argument 2, 

(4) the storage location, (5) CCS in a climate change mitigation portfolio, and (6) the 

consequences of climate change. Fewer message components improve the message’s 

clarity significantly; in order of relative importance: (1) argument 1, (2) the decision 

making process, (3) argument 2, (4) the consequences of climate change, and (5) CCS in a 

climate change mitigation portfolio. Even fewer components improve the message’s 

interestingness significantly, in order of relative importance: (1) argument 2, (2) storage 

location, (3) CCS in a climate change mitigation portfolio. One message component 

significantly reduces the message’s persuasiveness, clarity and interestingness; the 

communicator. The storage depth terminology only reduces the message’s 

persuasiveness significantly.  

The message’s length has a significant, linear, negative effect on persuasiveness, clarity 

and interestingness. This result implies that each additional word that is added to the 

message’s core claim and argument dilutes the persuasiveness, clarity and 

interestingness of the message. The interaction effects between length and motivation, 

knowledge and need for cognition are positive and significant. This result implies that the 

negative effect of length on the message’s persuasiveness is weaker for motivated 

respondents, respondents with a medium level of knowledge and respondents with a high 

need for cognition. 
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Table 5-1 

Persuasiveness, Clarity and Interestingness of Message Components (Attributes) 

 persuasive clear     interesting   

attribute wald χ2 sig. imp. wald χ2 sig. imp. wald χ2 sig. imp. 

random intercept 707.17 ***   771.56 ***   584.18 ***   

length 41.34 *** .32 39.86 *** .30 36.19 *** .29 

length x knowledge 47.08 ***   33.67 ***   11.48 *   

length x motivation 273.34 ***   321.44 ***   314.21 ***   

length x need for cognition 43.64 ***   97.86 ***   82.88 ***   

congruence 9.40 ** .04 7.16 ** .04 2.17   .03 

climate consequence 8.20 * .05 15.14 ** .05 3.03  .03 

transport 0.26  .00 0.18  .00 3.05  .02 

storage location 15.48 * .06 11.93  .05 15.03 * .06 

storage depth terminology 12.68 ** .03 4.56  .02 2.69  .02 

storage terminology 6.95  .02 1.43  .01 2.77  .02 

combination 4.91 * .03 4.60 * .04 5.30 * .05 

descriptive norm 14.13  .05 22.04  .08 19.77  .08 

argument 1 33.12 *** .11 25.62 * .12 13.57  .09 

argument 2 40.32 *** .08 26.09 * .09 22.44 * .10 

decision making process 12.67 ** .09 15.52 ** .09 4.06  .07 

claim 0.66  .01 0.79  .01 0.39  .01 

communicator 35.89 *** .09 29.84 ** .09 52.39 *** .13 

Note. Wald χ2 tests significance of attribute, * p < .05, **p < .01, ***p < .001. 
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Table 5-2 

Persuasiveness, Clarity and Interestingness of Message Components (Levels) 

   persuasive clear interesting 

attribute level par sig par sig par sig 

transport 
  

 none 0.00   0.00   0.00   

  pipeline 0.04   -0.03   0.15   

storage location 
  

 none 0.00   0.00   0.00   

 netherlands -0.22   -0.14   -0.20   

 north of the netherlands 0.06   0.20   -0.03   

 in your municipality -0.02   0.11   -0.12   

 far from the coast 0.33 * 0.35 * 0.33   

 under the seabed -0.06   0.04   -0.15   

 in the Waddenzee 0.00   0.22   0.17   

  in the North Sea 0.19   0.27   0.06   

storage 
terminology 
  

 none 0.00   0.00   0.00   

 empty gas field 0.22   0.04   -0.01   

 reservoir 0.12   0.09   0.11   

  porous rock -0.02   -0.05   -0.08   

storage depth 
terminology 
  

 deep underground 0.00   0.00   0.00   

 at a depth of 2000 meters -0.34 ** -0.23 * -0.19   

 at a depth of 2 kilometers -0.26 * -0.14   -0.14   

  depth equal to 10 x Euromast -0.07   -0.19   -0.09   

combination 
  

 none 0.00   0.00   0.00   

  ccs in portfolio of measures 0.33 * 0.37 * 0.40 * 

climate 
consequence 
  

 none 0.00   0.00   0.00   

 general 0.21 * 0.10   -0.06   

 sea level rise & floods 0.47 ** 0.54 ** 0.18   

  spread of tropical disease 0.33   0.10   0.15   

argument 1 
  

 none 0.00   0.00   0.00   

pro industrial applications 0.71 ** 0.56   0.59   

 economic growth 0.34   0.38   0.28   

 safety 1.01 ** 0.68   0.35   

 energy supply 0.66   0.67   0.60   

 principle: clean up garbage 0.56 * 0.48   0.48   

 economic opportunities nl 0.78 ** 0.60   0.50   

con principle: prevention, not cleanup 0.99 ** 0.44   0.39   

 housing prices 0.73 * 0.98 ** 0.63   

 climate change 0.92 ** 0.75   0.58   

 unknown risks 0.21   0.10   0.29   

 risk of suffocation 0.31   0.33   0.31   

  risk of groundwater acidification 1.13 ** 1.13 ** 0.77   

argument 2  none 0.00   0.00   0.00   

pro industrial applications -0.01   0.02   0.11   

 economic growth 0.27   0.18   0.48   

 safety 0.80 * 0.39   0.64   

 energy supply 0.23   0.15   0.20   

 principle: clean up garbage 0.54 * -0.07   0.51   

 economic opportunities nl 0.64 * 0.41   0.62 * 

con principle: prevention, not cleanup 0.54   0.33   0.49   

 housing prices 0.57 * 0.60   0.62   

 climate change 0.75 * 0.06   0.65   

 unknown risks 0.34   0.05   0.24   

 risk of suffocation 0.27   -0.01   0.37   
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   persuasive clear  interesting 

attribute level par sig par sig par sig 

argument 2  con risk of groundwater acidification 0.82 * 0.83   0.84   

descriptive norm 
  

 none 0.00   0.00   0.00   

 62% local positive -0.27   -0.14   -0.22   

 38% local positive -0.36   -0.05   -0.25   

 90% local positive 0.04   -0.15   0.05   

 10% local positive -0.20   -0.02   -0.12   

 62% local negative -0.18   -0.12   -0.17   

 38% local negative -0.23   -0.28   -0.17   

 90% local negative -0.45   -0.49   -0.67 * 

 10% local negative -0.37   -0.40   -0.50   

 62% positive -0.38   -0.35   -0.32   

 38% positive -0.25   -0.30   -0.36   

 90% positive -0.34   -0.34   -0.27   

 10% positive -0.20   -0.04   -0.21   

 62% negative -0.35   -0.18   -0.41   

 38% negative 0.02   -0.26   0.03   

 90% negative -0.06   -0.02   -0.30   

  10% negative -0.17   0.28   -0.08   

decision making 
process 
  

 none 0.00   0.00   0.00   

 national government 0.45 * 0.76 *** 0.43   

 municipal government 0.32   0.66 ** 0.42   

  participation of residents 0.93 ** 0.92 * 0.63   

claim 
  

 pro 0.00   0.00   0.00   

  con 0.06   -0.07   0.05   

communicator 
  

 none 0.00   0.00   0.00   

 scientists -0.23   -0.42 * -0.37   

 government 0.00   -0.24   0.06   

 energy company -0.60 ** -0.79 *** -0.91 *** 

 engo -0.22   -0.32   -0.12   

 government & scientists -0.10   -0.06   0.25   

 government & energy companies -0.26   -0.12   -0.32   

 government & engos -0.24   -0.42 * 0.04   

 scientists & energy companies 0.33   0.06   0.21   

 scientists & engos 0.00   -0.42 * -0.10   

 engos and energy companies -0.36   -0.35   -0.51 * 

  all communicators 0.02   -0.03   0.00   

congruence     0.07 ** 0.07 ** 0.04   

length    -0.080 *** -0.090 *** -0.080 *** 

length x know   lowest 0.000   0.000   0.000   

  low 0.005 *** 0.005 *** 0.003 * 

  medium 0.007 *** 0.005 *** 0.004 ** 

  high 0.004 ** 0.002   0.000   

  highest 0.007   0.002   0.005   

length x mot    0.009 *** 0.010 *** 0.012 *** 

length x nfc     0.004 *** 0.006 *** 0.006 *** 

intercept    3.60 *** 5.97 *** 4.20 *** 

random intercept    -1.85 *** -2.20 *** -2.18 *** 

Note. Significance level shows significance of z-test, * p < .05, **p < .01, ***p < .001. 
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Discussion  

Communicators that include too few message components may omit crucial information, 

while communicators that include too many message components may dilute their 

message’s persuasiveness. These effects create a communicator’s dilemma. 

Communicators cannot solve this dilemma with existing guidelines for two reasons. First, 

previous studies have not revealed the relative importance of multiple message 

components (O’Keefe, 2014). Second, previous studies did not show how the dilution 

effect differs between citizens. To tackle these two literature gaps and help 

communicators to solve the communicator’s dilemma, we investigated what message 

components contribute most to the clarity, persuasiveness and interestingness of 

messages about emerging technologies for audiences that differ in knowledge, motivation 

and need for cognition. 

Effect of message components 

In the following section, we first discuss our results per message component, before we 

turn to a general discussion of the results. 

Pipeline transport and storage (depth) terminology. In contrast to expectations 

(Visschers et al., 2009), describing storage depth numerically decreases the message’s 

clarity and persuasiveness significantly. A likely explanation for this effect is that 

clarifying the storage depth of CCS requires more illustration than a short reference to its 

depth. Differences in transport methods or storage terminology do not affect the 

persuasiveness, clarity or interestingness of the message significantly. 

Storage location. Messages that include a CO2 storage location far from the coast are 

more persuasive than messages with an unknown storage location. In line with 

expectations (Braun, 2017; Wallquist et al., 2012), citizens prefer such an offshore, 

faraway location over locations in their own municipality. 

Climate change mitigation portfolio. Discussing the role of CCS in the climate change 

mitigation portfolio improves the message’s persuasiveness, clarity and interestingness 

significantly. As citizens tend to prefer other mitigation options over CCS (de Best-

Waldhober, Daamen, et al., 2012; Kraeusel & Möst, 2012), including such a statement may 

alleviate citizens’ concerns with the end-of-pipe nature of CCS (Broecks et al., 2016; 
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L’Orange Seigo et al., 2014) and concerns about the competition of CCS with renewables 

for funding (Boyd & Paveglio, 2014; Buhr & Hansson, 2011). Research had already shown 

that citizens tend to include CCS in mitigation portfolios (Fleishman et al., 2010; Mayer et 

al., 2014), but the value of elucidating the portfolio role of CCS in messages was unknown.   

Consequences of climate change. Elucidating the consequences of climate change 

improves the persuasiveness and clarity of the message significantly. This elucidation 

likely promotes positive attitudes toward climate change mitigation (Bertolotti & 

Catellani, 2014; Spence & Pidgeon, 2010), which may strengthen the climate change 

mitigation argument for CCS. In contrast to expectations (Myers et al., 2012), discussing 

an environmental consequence (rising sea levels) had a stronger effect on persuasiveness 

and clarity than a public health consequence (spreading tropical diseases). However, 

unlike the previous study, we focused on the message’s perceived effectiveness instead of 

the strength of emotional reactions. It is also possible that tropical diseases resonate less 

with citizens than traffic accidents, causing the public health consequence in this study to 

be less effective. 

Arguments. Adding arguments to the message improves its persuasiveness, clarity and 

interestingness substantially. The relative importance shows that the first argument 

affects persuasiveness and clarity more strongly than the second argument. Pro 

arguments about safety, industrial applications of CCS and economic opportunities for the 

Netherlands improve the message’s persuasiveness significantly. Con arguments about 

groundwater acidification risks, falling real estate prices and the unimportance of CCS for 

climate change mitigation also improve the message’s persuasiveness significantly. In 

contrast to expectations (Renn & Benighaus, 2013), arguments about risks are not 

substantially more persuasive than arguments about benefits. The persuasive effect of 

personal costs and risks may partially be driven by their clarity as falling real estate prices 

and risks of groundwater acidification are the clearest arguments. The concreteness of 

these costs and risks contrasts with the remoteness and abstractness of climate change 

risks (Kahan et al., 2012).   

Injunctive norms. Including appeals to principles in messages improves their 

persuasiveness significantly. In contrast to expectations (Broecks et al., 2016), arguments 

that appeal to principles do not have a substantially stronger effect on persuasiveness 
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than arguments that discuss consequences. Yet, previous studies examined single 

arguments instead of complete messages (Broecks et al., 2016). Our messages explained 

CCS more extensively, which may have clarified the consequences discussed in the 

arguments, improving their persuasiveness in turn.   

Descriptive norms. Including a descriptive norm where 90% percent of the inhabitants 

of the respondent’s municipality are negative decreases the message’s interestingness 

significantly. The lack of other significant effects contrasts starkly with previous studies 

(Seyranian et al., 2015; van der Linden, 2015). However, these studies generally 

investigated behavior rather than the perceived effectiveness of messages. Furthermore, 

the descriptive norms in our study may have been disregarded or perceived as illegitimate 

because norms varied over the six messages that the respondents read. 

Decision making process. Elucidating the decision making process improves the 

persuasiveness and clarity of the message significantly. In line with expectations (Tabi & 

Wüstenhagen, 2017; Terwel et al., 2010), a participatory decision making process 

contributes most to the message’s persuasiveness and clarity. Although decisions on a 

national or regional level are less persuasive, they contribute almost as much to the 

message’s clarity as a participatory decision making process.  

Communicator. Messages from energy companies are significantly less clear, persuasive 

and interesting than messages from unknown communicators. In contrast to expectations 

(Fiske & Dupree, 2014; Ter Mors et al., 2010; Terwel et al., 2011), other communicators 

also tend to have a negative effect on the message’s persuasiveness and clarity. The 

communicators in our study could communicate incongruent claims over different 

messages. This incongruence may have negatively impacted the credibility and 

persuasiveness of the communicators. 

Claim valence. In contrast to expectations from literature on the negativity bias (Rozin & 

Royzman, 2001), the claim’s valence does not affect the message’s persuasiveness 

significantly. Yet, the overall negative direction of attitude change as a result of the 

experiment is in line with the negativity bias (Rozin & Royzman, 2001). 

Congruence. In line with expectations (O’Keefe, 1999; J. R. Smith et al., 2012), the higher 

the congruence between the claim, arguments and descriptive norm, the higher the clarity 
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and persuasiveness of the message. As we exclusively examined non-refutational 

arguments, the results may differ when some arguments refute other arguments in the 

same message (O’Keefe, 1999). 

Message strategies 

Our strategy for writing messages combined five common message strategies: reduce 

knowledge deficit, activate perceived consequences, activate injunctive norms, activate 

descriptive norms and activate justice considerations. The relative importance of message 

components implies that message components that activate perceived consequences, 

activate injunctive norms or activate justice considerations contribute most to the 

persuasiveness, clarity and interestingness of the message. The results imply that a 

knowledge deficit approach that focuses on filling knowledge gaps and correcting 

misconceptions is suboptimal. Besides valid criticisms on this approach posed by others 

(Kahan et al., 2012; M. C. Nisbet & Scheufele, 2009), technological details are unlikely to 

substantially affect the message’s clarity, persuasiveness or interestingness. 

Communicators should instead discuss the consequences of emerging technologies, 

appeal to principles that guide behavior and elucidate the decision making process. As 

others argued previously (Kahan et al., 2012), we suggest that future research centers on 

arguments and participation procedures that resonate with the values of citizens instead 

of untangling the effects of technological details. 

Using this message strategy, our messages depicted imaginary, but realistic futures for 

the technology, attending to its societal role and distributive and procedural justice. Yet, 

our approach is limited in scope: other message structures may also be effective, such 

personal anecdotes (Aarøe, 2011; Hart, 2011; Iyengar, 1994) or endorsements by opinion 

leaders (Tripp et al., 1994). Future research should investigate whether interweaving our 

message structure with, for example, personal anecdotes can help communicators to 

clarify the usefulness or importance of the technology more succinctly. We explore this 

issue in chapter 6. 

The dilution effect 

The message’s length has a significant, linear, negative effect on persuasiveness, clarity 

and interestingness, which supports hypothesis 1. This implies that information that is 

not essential to convey the communicator’s claim or core argument tends to dilute the 
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message’s persuasiveness. This result corroborates previous research on the dilution 

effect in persuasive communication (de Vries et al., 2016). Furthermore, we show that the 

message’s persuasiveness decreases linearly as words are added to the message’s 

foundation. We did not find any evidence for a weakening or strengthening of the dilution 

effect after a length threshold was reached. Yet, our messages were all relatively short – 

they consisted of 206 words maximum. A weakened or strengthened effect may still occur 

at a longer length than these messages.  

The interaction effects between length and motivation, knowledge and need for cognition 

are positive and significant, which supports hypothesis 2. This implies that the dilution 

effect is weaker for highly motivated, moderately knowledgeable citizens with a high need 

for cognition. The rationale for this effect is based on dual process models that posit that 

these citizens are less likely to be distracted or disrupted by additional information (Chen 

& Chaiken, 1999; Petty & Wegener, 1999).  

We used knowledge, motivation and need for cognition to show communicators how to 

deal with the communicator’s dilemma for different audiences. Hence, untangling the 

causal mechanism of the dilution effect was not the primary goal of our study. As a result, 

we did not determine whether citizens that differed in knowledge, motivation and need 

for cognition also differed in their information processing method and whether they were 

less likely to be disrupted or distracted by additional information. Future research should 

untangle these effects by examining how the lengthening of a message about emerging 

technologies affects information processing methods. For example, by using thought 

listing procedures as a proxy for elaboration methods (Cacioppo & Petty, 1981). Such 

studies should also show in what situations the length of messages about emerging 

technologies is used as a heuristic for processing the information (i.e. the length-implies-

strength heuristic) (Wood, Kallgren, & Preisler, 1985). 

The communicator’s dilemma 

Our results show that the dilution effect is rather strong for those citizens that are not 

knowledgeable, unmotivated and have a low need for cognition. For these citizens, most 

additional message components reduce the message’s persuasiveness, clarity and 

interestingness. If communicators aim to engage these citizens, they should only focus on 

information that is essential to convey the communicator’s claim. For audiences that are 
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knowledgeable, motivated and have a high need for cognition, the dilution effect is much 

weaker. For these citizens the message’s persuasiveness, clarity and interestingness is 

improved when arguments, decision making processes and the most pertinent techno-

economic characteristics are added to the message. For such an audience, communicators 

should combine message strategies into a single, comprehensive message. In other 

situations, communicators should focus on one or two captivating consequences or 

principles and elucidate the participation of citizens.  

Limitations  

Our study has several important limitations. First, our proposed solution to the 

communicator’s dilemma is primarily applicable to emerging technologies that share 

particular features with our case – Carbon Capture and Storage. For generalization 

purposes, the most important shared feature is that citizens do not interact with these 

technologies directly, but experience the consequences of their deployment. Examples of 

such technologies are geothermal installations or shale gas extraction. These technologies 

are commonly characterized by unequal distributions of risks and benefits over actors 

and over time. Discussing measures taken to improve distributive and procedural justice 

is likely less important when the distribution of risks and benefits is more fair, such as 

technologies used in consumer products. Future research should examine whether our 

results are also applicable to technologies with divergent features. 

Second, to keep the number of required respondents within reasonable limits, we 

confined our component selection to the components that CCS experts perceived as most 

important. Our messages targeted a general public with a general claim for or against the 

use of CCS. Future research should investigate project-focused messages to examine the 

effects of specific measures taken to foster procedural and distributive justice, such as 

shared ownership models (Goedkoop & Devine-wright, 2016) or compensating the 

communities that host these projects (ter Mors et al., 2012).  

Third, our study only investigated the effect of message components on the perceived 

effectiveness of messages. Although we showed that the series of six messages changed 

the attitude of citizens, the actual effectiveness of individual messages is still unclear. 

Future research should examine whether these messages successfully activate the 
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targeted beliefs or values and how these beliefs and values create attitude change in turn. 

We explore this issue in the next chapter. 

 



 

 

 



 

 

6. How Messages Affect Attitude, 
Behavior, and Cognitive Responses 

over Time 
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In this chapter, we tackle three limitations of our approach to studying message 

components in empirical studies 1 to 3.  

Limitation 1: alternative effectiveness measures.  

In empirical studies 1 to 3, we elicited messages’ perceived effectiveness instead of their 

actual effectiveness. We measured perceived effectiveness by elucidating the perceived 

persuasiveness, clarity, interestingness, novelty or importance of message components 

among members of a research panel. Actual effectiveness is commonly measured with 

attitude or behavior change in the target audience. Perceived effectiveness is a useful 

criterion for evaluating messages when actual effectiveness is difficult to measure 

(Fishbein, Hall-Jamieson, Zimmer, Von Haeften, & Nabi, 2002). Messages that are 

perceived as effective commonly induce more attitude or behavior change, although the 

gap is substantial (Dillard et al., 2007). To develop insight into a range of message effects, 

we compared the perceived effectiveness measures from empirical studies 1 to 3 to four 

alternative effectiveness measures: cognitive responses, attitude change, cognitive 

closure and behavioral change. 

The first alternative effectiveness measure is cognitive responses – the thoughts that a 

message generates. Cognitive responses precede attitude or behavior change (Valkenburg 

& Peter, 2013). Cognitive responses have two dimensions: the extent of cognitive effort 

and the type of cognitive response. The type of cognitive response influences citizens’ 

attitudes when they process information  with substantial cognitive effort (Petty et al., 

2002). We include cognitive responses because these responses may improve the 

understanding of (unexpected) changes in attitude or behavior (Roh, McComas, Rickard, 

& Decker, 2015). 

The second alternative effectiveness measure is attitude change. Attitudes are evaluations 

that predispose citizens to respond positively or negatively (Fiske & Taylor, 2013). We 

include attitude change because it is the primary focus of most research into persuasion 

(Stiff & Mongeau, 2016) or CCS communication (L׳Orange Seigo et al., 2014). 

The third alternative effectiveness measure is the achievement of cognitive closure. 

Citizens that achieve cognitive closure form closed attitudes, which are expected to be 

more stable and predictive of behavior than open attitudes (Koot, ter Mors, Ellemers, & 
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Daamen, 2016). We include cognitive closure to investigate whether citizens are still open 

to new information after reading the messages. 

The final alternative effectiveness measure is behavioral change. Attitudes may induce 

behavioral intentions, which can induce behavior in turn (Kim & Hunter, 1993; Yzer, 

2012). Behavior may also affect attitudes, if inconsistencies between attitudes and 

behavior create cognitive dissonance (Elliot & Devine, 1994). For example, when people 

are positive about sustainability, but act unsustainably, they may become more negative 

about sustainability to reduce cognitive dissonance. Identifying behavioral responses to 

communication is valuable. Yet, actions that express socio-political support for CCS, such 

as participating in demonstrations, are too sparse, making identifying behavioral 

responses to communication difficult (Dillard et al., 2007). Therefore, we measured 

behavioral intentions: the willingness to act in favor of or against CCS. Furthermore, we 

measured two behavioral responses that are more likely to occur in practice: discussing 

CCS with others and searching for additional information about CCS.  

Limitation 2: effectiveness over time.  

In empirical studies 1 to 3, we measured message effectiveness at a single point in time, 

which is common practice in persuasive communication or framing studies (Lecheler & 

de Vreese, 2013; Lecheler & De Vreese, 2011; Stiff & Mongeau, 2016). Yet, dual processing 

models suggest that citizens commonly rely on heuristics to process information (Fiske & 

Taylor, 2013), such as the credibility of the communicator (Chaiken & Maheswaran, 

1994). Attitudes formed after heuristic processing are commonly unstable and short-lived 

(Chen & Chaiken, 1999; Petty & Wegener, 1999). Heuristic processing of CCS messages is 

likely, given the lack of knowledge about CCS among citizens (Ashworth et al., 2015; de 

Best-Waldhober, Brunsting, et al., 2012). As a results, attitude changes in response to CCS 

messages are likely to be unstable. To examine this effect, we measured attitudes and 

behavioral intentions at two points in time. 

Limitation 3: alternative message structures. 

In empirical studies 1 to 3, we used a specific message structure. Our messages depicted 

imaginary, but realistic futures for CCS, attending to its societal role and distributive and 

procedural justice. Yet, our approach is limited in scope: other message structures may 

also be effective, such personal anecdotes (Aarøe, 2011; Hart, 2011; Iyengar, 1994) or 
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endorsements by opinion leaders (Tripp et al., 1994). To investigate how effective our 

message structure is compared to alternative message structures, we compared two of 

the most effective messages from study 3 to eleven alternative messages with other 

structures. 

To tackle these three limitations, we posed the following research question: 

Research question: What is the effect of CCS messages on cognitive responses, attitudes, 

cognitive closure and behavior over time? 

By answering this research question, we create insight into the diversity of citizens’ 

responses to CCS messages. This answer enriches the findings from empirical studies 1 to 

3 and deepens the understanding of message effects. This answer also provides insight 

for communicators into the effects public communication may have on the target 

audience. 

Method 

Participants 

Data was collected using a nationwide online panel in the Netherlands. We collected data 

among the same respondents in two rounds separated by three weeks (Nsurvey 1 = 1539, 

Nsurvey 2 = 1188). The sampling procedure used quotas for age, gender, education level, and 

state of residence, to ensure that the sample was representative of the adult (minimum 

age of 18) Dutch population. Respondents were slightly younger on average (M = 46.7 

years, SD = 15.6 years) than the population (μ = 48.7 years) (CBS, n.d.). The gender 

division was equal (50.0% males). Education levels were classified as very low, low, 

medium and high according to the classification system of the Dutch Central Bureau of 

Statistics (CBS, n.d.). Respondents were more highly educated (31.4%) than the general 

population (28.3%). Panel members received financial compensation for their 

participation.  

Most respondents had heard about CCS before participating in the survey (70.4% aware, 

18.3% not aware, and 11.2% uncertain). On a scale of 1 to 5, respondents generally 

perceived their knowledge on CCS to be rather low (M = 2.66, SD = 0.71). This level of 
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awareness and knowledge is in line with previous studies (Ashworth et al., 2015; de Best-

Waldhober, Brunsting, et al., 2012).  

Materials 

To design the messages, we held three workshops with CCS experts from academia, 

knowledge institutes and industry (see chapter 1). In the first two workshops, we 

established the basic structure of the messages and selected message components to fit 

within this structure. These two workshops provided the input for empirical studies 1 to 

3.  

In the third workshop, we discussed the results of these empirical studies and selected 

alternative message structures for comparison with the messages structure in study 3. To 

ensure that these messages followed an alternative approach, we asked a communication 

agency to write the alternative messages. The agency had access to the results of the three 

empirical studies. Before including the messages in the survey, we edited them for 

readability and factual correctness. All messages are display in the Appendix. 

In selecting messages, we focused on components that were perceived to be important by 

citizens in our previous studies, as well as recommendations from the expert panel. Most 

of these messages use a thematic frame – they discuss general trends and information on 

an issue (Hart, 2011). For each structure, a pro message and a con message were 

constructed. These messages were compared to one pro and one con message that were 

perceived as persuasive by respondents in study 3. 

Hard arguments (1 pro, 1 con, 1 mixed). Three messages focused on hard arguments. 

Hard arguments support a claim logically with a series of explicit premises or statements, 

and tend to be long and complex. (Cobb & Kuklinski, 1997). These messages elucidated 

the importance of CCS for climate change mitigation and discussed two additional 

arguments. Two pro arguments in the pro message (counteracting land subsidence, 

industrial applications), two con arguments in the con message (risk of groundwater 

acidification, non-necessity of CCS climate change mitigation), and one pro (safety of 

storage in empty gas fields) and one con argument (risk of groundwater acidification) for 

the mixed message. These messages did not contain an explicit claim and were presented 

as news about an upcoming decision of the national government about CCS.   
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Easy arguments (1 pro, 1 con). Two messages focused on easy arguments. Easy 

arguments center on the consequences, and omit premises needed to support the claim. 

Easy arguments tend to be short and straightforward (Cobb & Kuklinski, 1997). Like the 

message with hard arguments, these messages elucidated the importance of CCS for 

climate change mitigation. In addition, they included one additional pro argument (safety 

in empty gas fields) in the pro message and one additional con argument (prevention of 

CO2 is better than a cure – CCS) in the con message. The messages were also presented as 

news about an upcoming decision of the national government about CCS, but with a more 

explicit pro or con claim than messages with hard arguments. 

Injunctive norms (1 pro, 1 con). Two messages focused on injunctive norms. Injunctive 

norms emphasize moral obligations and endorse specific actions; these norms describe 

what people should do (Cialdini et al., 1990). The messages elucidated the historical 

evolution of citizens’ environmental awareness and the accompanying moral 

considerations. The pro message focused on the norm that garbage (CO2) should be 

disposed of properly. The con message focused on the norm that prevention (of CO2 

emissions) is better than a cure (CCS). These messages included an explicit pro or con 

claim. 

Episodic (1 pro, 1 con). Two messages focused on an episodic frame – they discuss how 

an individual deals with the CCS (Aarøe, 2011; Hart, 2011; Iyengar, 1994). The messages 

were presented as a personal story of an individual forming an opinion about a national 

government policy to support the use of CCS. The pro message focused on the importance 

of CCS for climate change mitigation, while the con message focused on risks to human 

health and the environment. 

Enhanced Oil Recovery (1 pro, 1 con). Two messages focused on a specific CCS 

application – Enhanced Oil Recovery (EOR). The pro message focused on the combined 

economic and environmental benefits of EOR, while the con message criticized these 

benefits. Both messages used hard arguments. Hard arguments support a claim logically 

with a series of explicit premises or statements, and tend to be long and complex. (Cobb 

& Kuklinski, 1997). 
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Procedure 

Respondents were assigned randomly to one of 19 experimental conditions (n = 80 - 83 

per condition). In conditions 1 through 13, respondents evaluated a different CCS 

message. To control for the influence of prompting respondents to give their opinion, we 

used several control groups; one control group without a pretest, one control group 

without a posttest and one control group without a pretest and posttest (i.e. attitude was 

only investigated in the second survey round for this group). Each control group type was 

included twice; once for pro messages and once for con messages. 

The experiment was included in an online survey. Before answering any survey questions, 

the respondents were introduced to the study’s goal and read a short introduction to CCS 

(see Appendix A). They then answered questions about their attitude, awareness and 

knowledge of CCS and read a single CCS message. Respondents spent 50.1 seconds on 

average reading the message (SD = 38.1 sec.), so it is likely that they read the message 

carefully. Respondents then wrote down what they were thinking about during the 

experiment (cognitive response). Subsequently, they indicated how persuasive, clear, 

interesting, credible, sided and new the message was. After the experiment, their attitude 

toward CCS was assessed again, as well as their achievement of cognitive closure and their 

intention to act in favor of or against CCS.  

In the second survey, we first assessed their attitude, achievement of cognitive closure 

and intention to act in favor of or against CCS. We then asked about whether they searched 

for information or discussed CCS with friends and family in the intervening two or three 

weeks. Finally, we asked what they could remember from the message they read. Table 6-

1 displays an overview of the measures included in the surveys. 

Table 6-1 

Overview of Measures in Surveys. 

before message after message after 3-4 weeks 

awareness perceived effectiveness   
knowledge cognitive response   
attitude attitude attitude 
 cognitive closure  
 behavioral intent behavioral intent 
 cognitive effort search for information 
  discuss opinion 
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Perceived effectiveness. We measured the messages’ perceived effectiveness with six 

five-point Likert items (1 = disagree completely, 5= agree completely): “the message is 

unclear”, “the message is interesting”, “the message is persuasive”, “the message is not 

credible”, “the message is one sided”, and “the message is new”. The selected items 

correspond to the perceived effectiveness measures from empirical studies 1 to 3. To 

reduce the six perceived effectiveness measures to a smaller number of components, we 

ran a Nonlinear Principal Components Analysis (NLPCA) on the six perceived 

effectiveness measures with the CATPCA module in SPSS 24.0 using the procure from 

(Linting & Kooij, 2012). For ordinal variables, NLPCA is advantageous because it does not 

assume linear relationships between the variables. 

We retained a two-component solution for perceived effectiveness. The third component 

did not have a meaningful interpretation and had an eigenvalue below 1, so we retained 

a two-component solution. This solution explained 66.3% of the total variance; 

component 1 explained 38.7% of variance, component 2 explained 27.6% of variance. To 

aid interpretability of the solution, we used Varimax orthogonal rotation. The rotated 

solution exhibited simple structure – each component loads strongly on three variables 

and there is no overlap between components in variables it loads strongly on (Thurstone, 

1947). The first component contains the clarity, credibility and balance (i.e. the reverse of 

sidedness) of the message. This component is interpreted as the transparency of the 

message. The second component contains the persuasiveness, interestingness and 

novelty of the message. This component is interpreted as the relevance of the message.  

Cognitive responses. To measure cognitive responses, we used a thought listing 

procedure, which is commonly used in dual processing studies (L. W. Jones, Sinclair, & 

Courneya, 2003; Petty & Cacioppo, 1986; Roh et al., 2015). To this end, we asked 

respondents to write down what they were thinking about while reading the message. 

The answers consisted of 10.6 words on average (SD = 12.4 words). We coded these 

responses based on the type of content. We first used an open coding procedure to assign 

codes to responses. We then categorized these codes to identify the main themes that 

were salient among respondents.  

Most respondents received one code (59.6%) and only some respondents received more 

than one code; two codes = 12.7%, three codes = 3.1%. One respondent received four 
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codes and one respondent received five codes. Most respondents that received multiple 

codes mentioned multiple distinct arguments, such as safety concerns and contributions 

of CCS to climate change mitigation. The answers of 24.5% of respondents were 

insufficiently detailed to be coded. 

CCS attitude. CCS attitude was measured with four five-point Likert items (1 = disagree 

completely, 5= agree completely): “I am positive about CO2 storage, “CO2 storage is 

dangerous” (reverse scoring), “CO2 storage is useful,” and “I am opposed to CO2 storage” 

(reverse scoring). We averaged these items to construct one CCS attitude scale. The 

reliability of the scale is good (αsurvey 1 pre = .78, αsurvey 1 post = .82, αsurvey 2 = .82) 

Cognitive closure. We measured the achievement of cognitive closure with four five 

point Likert items based on Koot et al., (2016) (1 = disagree completely, 5= agree 

completely): “I am certain of my opinion about CO2 storage”, “I am in doubt about my 

opinion about CO2 storage”, “I do not know what to think about CO2 storage”, and “My 

opinion about CO2 storage is not yet fixed”. We averaged these items to construct one 

cognitive closure scale. The reliability of the scale is good (α = .88). 

Behavioral intent. We measured behavioral intent by asking respondents whether they 

would be willing to take action in support of or in opposition to CCS. We also asked what 

type of action they would be willing to take: signing a petition, sharing their opinion on 

social media, and participating in a demonstration. Multiple answers were possible. 

Searching for information. In the second survey, we asked respondents whether or not 

they searched for additional information about CCS after the first survey. We also asked 

how they searched for information (open question). 

Discuss opinion. In the second survey, we asked respondents whether or not they 

discussed their opinion about CCS with others after the first survey. We also asked what 

they discussed (open question). 

Analysis 

Visual inspection of histograms/boxplots of scores for transparency, relevance, attitude 

change and cognitive closure showed non-normal distributions that differed across the 

groups. In addition, for many groups the Shapiro-Wilk test of normality was significant 
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and the distribution for many groups showed significant kurtosis. We use non-parametric 

methods for the analysis as many variables (especially attitude change) are not normally 

distributed and constructed from Likert items (i.e. they are Likert scales). Non-parametric 

methods do not assume normality and are therefore advantageous for this data type.  

Results 

Descriptive statistics 

Most respondents had a neutral attitude before the experiment (38.9%), while 27.6% was 

negative and 33.5% was positive. After reading a pro messages, most citizens became 

more positive (33.7%; more negative = 24.8%), had a neutral score on cognitive closure 

(median = 3.0), and were unwilling to act (83.9%). Some respondents were willing to act 

in favor of CCS (7.1%) or against CCS (8.9%). After reading a con message most citizens 

became more negative (47.9%; more positive = 15.9%), had a neutral score on cognitive 

closure (median = 3.0), and were unwilling to act (80.5%). Some respondents were willing 

to act in favor of CCS (3.7%) or against CCS (15.8%). After reading a mixed message, more 

citizens became more negative (37.3%) than more positive (25.3%). These respondents 

also had a neutral score on cognitive closure (median = 3.0), and were unwilling to act 

(81.9%). For these respondents intentions to act against CCS (15.7%) were higher than 

intentions to act in favor of CCS (2.4%). 

Table 6-2 

Correlations between Effectiveness Measures 

 1 2 3 4 5 6 7 

1: attitude change               

2: att. change (abs) -.25 **             

3: cognitive closure -.06  .13 **           

4: intent (pro ccs) .09 ** -.01  .12 **         

5: intent (con ccs) -.23 ** .12 ** .24 ** -.09 **       

6: discuss -.02  -.01  .10 ** .13 ** .20 **     

7: search -.02  .01  .07 * .17 ** .11 ** .32 **   

transparency (pro) .15 ** .13 ** .02  .01  -.10 * -.03  -.01  

transparency (con) -.23 ** .27 ** .18 ** .06  .17 ** .04  .01  

transparency (mix) .13  .08  -.13  .15  -.15  .11  .06  

relevance (pro) .19 ** .13 ** .00  .18 ** -.13 ** .02  .03  

relevance (con)  -.29 ** .27 ** .03  -.05  .14 ** .04  .00  

relevance (mix) .17   .04   -.07   .20   -.26 * .04   .11  

Note. * p < .05, **p < .01 
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Table 6-2 displays correlations between the effectiveness measures. As correlations are 

expected to differ for pro, con or mixed messages, correlations with perceived 

effectiveness are calculated separately. The correlations between effectiveness measures 

are weak to moderate. All relationships are monotonic, as assessed by visual inspection 

of scatterplots.  

The more transparent and relevant a respondent perceives the message that they read, 

the more they change their attitude after reading the message. This relationship is 

stronger for con messages. If respondents become more positive about CCS, they are more 

willing to take action to support CCS. If respondents become more negative about CCS, 

they are more willing to take action to oppose CCS. Furthermore, the more cognitive 

closure a respondents achieves, the more likely they are to support actions, discuss CCS 

with others or search for information. Finally, the more willing respondents are to take 

actions, the more they discuss CCS with others or search for information. 

Effectiveness over time 

Attitude. To determine whether distributions of citizens’ attitude changed in the weeks 

between surveys, we ran a Friedman test. Subsequently, pairwise comparisons were 

performed using the procedure from Benjamini & Hochberg (1995), correcting for the 

false discovery rate (FDR) in multiple comparisons. For respondents that read con 

messages, the distributions differed significantly between measurements of attitude, 

χ2(2) = 56.80, p < .001. Post hoc analysis revealed that mean ranks differ significantly (p 

< .05) between all measurements. Attitude is most positive before the experiment (mean 

rank = 2.27, 27.6% negative, 35.4% positive), attitude then becomes more negative after 

the experiment (mean rank = 1.77, 45.9% negative, 24.1% positive) and becomes less 

negative after two weeks (mean rank = 1.96, 37.4% negative, 24.8% positive).  

For respondents that read pro messages, the distributions differed significantly between 

measurements of attitude, χ2(2) = 7.30, p = .026. Yet, post hoc analysis revealed that pair-

wise differences between measurements are not significant.  

Behavior. To determine whether the willingness to act in favor of or against CCS changed 

after two weeks, we ran a McNemar test with a continuity correction. After the 

experiment, 7.7% of respondents that read a pro message was willing to act in favor of 
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CCS, which changed to 8.1% after two weeks. This difference is not significant, χ2(1) = 

0.03, p = .864. After the experiment, 8.8% of respondents that read a pro message was 

willing to act against CCS, which changed to 14.7% after two weeks. This difference is 

significant, χ2(1) = 9.14, p = .002. 

After the experiment, 15.8% of respondents that read a con message was willing to act 

against CCS, which changed to 14.4% after two weeks. This difference is also not 

significant, χ2(1) = 0.42, p = .519. After the experiment, 4.1% of respondents that read a 

con message was willing to act in favor of CCS, which changed to 4.8% after two weeks. 

This difference is also not significant, χ2(1) = 0.15, p = .700. 

After two weeks, out of all respondents willing to act in favor of CCS, 75.8% is willing to 

sign a petition, 36.4% is willing to give their opinion on social media and 12.1% is willing 

to participate in a demonstration (multiple answers possible). Out of all respondents 

willing to act against CCS, 94.3% is willing to sign a petition, 25.7% is willing to give their 

opinion on social media and 8.6% is willing to participate in a demonstration. 

Effectiveness per message 

Attitude, cognitive closure, transparency, relevance. A Kruskal-Wallis test was 

conducted to determine if the distributions of relevance, transparency, attitude change or 

cognitive closure differ significantly between groups (see Table 6-3). Transparency, 

attitude change and cognitive closure differed significantly between groups, while 

relevance did not differ significantly. Subsequently, pairwise comparisons were 

performed using the procedure from Benjamini & Hochberg (1995), correcting for the 

false discovery rate (FDR) in multiple comparisons. Differences between the control 

groups and reference groups were not significant. This implies that prompting the 

respondents did not significantly affect our results. 

This post hoc analysis revealed statistically significant differences in attitude change 

between the con messages and the pro messages (see subsets in Table 6-3). In addition, 

attitudes became significantly more negative after reading the con reference message 

than after reading the con episodic, con norm and con EOR messages. The effect of the 

mixed message on attitude lies in between the pro and con message; significantly more 
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positive than the con reference and con easy messages, but significantly less positive than 

the pro reference and pro norm messages. 

The post hoc analysis also revealed statistically significant differences in transparency. 

The con reference and con hard messages scored significantly better on transparency 

than the pro hard, pro easy, con easy, pro EOR and con EOR messages (see subsets in Table 

6-3). In addition, transparency is significantly higher for the con episodic and pro norm 

messages than for the con EOR message. 

Table 6-3 

Attitude Change, Transparency, Relevance and Cognitive Closure per Message 

 attitude change transparency relevance cogn. closure 

χ2 95.74 65.14 24.71 26.44 

df 12 18 18 14 

p <.001 <.001 .133 .023 

 mean rank per group 

1 pro hard 572.81d,e 650.28b,c 728.11 542.84 

2 con hard 458.24a,b,c 874.34a 823.24 556.51 

3 pro episodic 555.63c,d,e 725.54a,b,c 693.79 511.48 

4 con episodic 469.10b,c 820.03a,b 679.10 517.11 

5 pro easy 625.23d,e 651.96b,c  668.07 621.44 

6 con easy 424.82a,b 671.62b,c 783.13 635.69 

7 mixed 534.63c,d 769.20a,b,c 761.54 564.74 

8 pro norm 647.12e  823.68a,b 819.26 605.15 

9 con norm 466.73b,c 734.35a,b,c 776.10 546.80 

10 pro EOR 604.27d,e  673.81b,c 783.37 561.11 

11 con EOR 465.59b,c 627.38c 748.44 607.19 

12 pro reference 651.75e  754.95a,b,c 711.68 570.29 

13 pro control preatt  733.54 735.59 532.18 

14 pro control postatt  754.68 766.07  

15 pro control  831.57 815.48  

16 con reference 359.55a 900.52a 817.09 644.94 

17 con control preatt  924.65 876.22 691.02 

18 con control postatt  785.99 840.09  

19 con control  913.72 802.64  

Note. Different subsets in row indicate significant differences, p < .05. 

Behavior. A chi-square test of homogeneity was conducted between message and 

willingness to take action against CCS, discuss and search. All expected cell counts were 

greater than five. There is a significant difference between messages in proportions for 

willingness to take action against CCS, but not for discussing CCS with others or for 

searching for information. Subsequently, pairwise comparisons were performed using the 

z-test of two proportions and the procedure from Benjamini & Hochberg (1995), 
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correcting for the false discovery rate (FDR) in multiple comparisons. The willingness to 

act against CCS is higher for con easy and con reference (without pre attitude 

measurement) messages than for pro hard, pro episodic and pro reference messages 

(without pre attitude measurement), p < .05. 

With fifteen expected cell count less than five, Fisher's exact test (2 x c) was conducted 

between group and willingness to take action in favor of CCS. The differences between 

messages in willingness to take action for CCS are not significant, Fisher’s Exact Test = 

17.15, p = .209 (Monte Carlo Sig.). 

Table 6-4 

Action, Discuss and Search per Message 

 action (pos) action (neg) discuss search 

χ2  34.75 12.10 16.73 

df  14 18 19 

p  .002 .842 .542 

 % of respondents that acts, discusses or searches 

1 pro hard 6.3 6.3a... 7.0 5.6 

2 con hard 2.4 12.2a,b 6.7 8.5 

3 pro episodic 5.0 6.3a….      5.3 12.3 

4 con episodic 3.7 9.9a,b 11.5 3.4 

5 pro easy 4.9 12.3 a,b 11.9 13.6 

6 con easy 3.8 23.8b.... 5.6 3.6 

7 mixed 2.4 15.7 a,b 15.4 10.9 

8 pro norm 6.3 11.3 a,b 8.8 12.1 

9 con norm 6.2 7.4 a,b 12.5 12.7 

10 pro EOR 6.2 11.1 a,b 13.8 6.9 

11 con EOR 1.3 16.3 a,b 11.5 11.1 

12 pro reference 8.5 9.8 a,b 8.6  10.2 

13 pro control preatt 13.8 5.0a…. 10.0 14.0 

14 pro control postatt   14.9 16.9 

15 pro control   6.8 8.5 

16 con reference 3.8 17.5 a,b 10.0 5.3 

17 con control preatt 4.9 23.5b... 12.7 10.2 

18 con control postatt   10.3 14.3 

19 con control   15.5 8.9 

Note. Different subsets in row indicate significant differences, p < .05. 

Cognitive responses. Many respondents mention CCS consequences in their responses. 

Regarding negative consequences, citizens commonly refer to the dangers, uncertainty or 

risks of CCS (116 respondents). Respondents primarily discussed general risks or 

uncertainty; a minority discussed specific risks, such as groundwater acidification or 

earthquakes. Respondents also commonly dispute the climate change contribution of CCS 
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(94 respondents). Other consequences are less common, such as economic costs (16 

respondents), carbon leakage (3 respondents), limited space (3) or limited public 

acceptance (5). Regarding positive consequences, respondents most commonly mention 

the climate change contribution of CCS (37 respondents), the safety of CCS (16 

respondents) or economic benefits (7 respondents).  

Besides consequences, a common response is to discuss the urgency of mitigating climate 

change, developing renewable energy or saving energy (119 respondents). In these 

responses, respondents do not mention CCS or its role in climate change mitigation. In 

other common responses, respondents call for additional research (28 respondents), 

challenge the trustworthiness of the government (21 respondents) or mention they 

would not want storage in their vicinity (15 responses). 

The responses per message relate strongly to what arguments were included in the 

message. For example, the EOR focused messages generated more responses about 

economics and the climate change contribution of CCS than other messages. Some 

respondents appreciate the possibility of combining economic gains with climate change 

mitigation, but many others are explicitly skeptical of such a combination.   

Some message elicited a different kind of response. In the mixed message, for example, 

many respondents mentioned the risks of CCS (15 respondents) or the avoidance of land 

subsidence (4 respondents), but many others primarily discussed the need for more 

research (9 respondents), the contested nature of CCS (3 respondents), or the opinions of 

others (3 respondents). Many of these responses may be activated unintendedly. For 

example, after reading the pro hard message, respondents commonly mention the 

dangers, uncertainties or risks of CCS (13 respondents), even though no such risks are not 

mentioned in the message. 

Discussion 

In this chapter, we tackled three limitations of our approach to studying message 

components in empirical studies 1 to 3. We examined alternative message effectiveness 

measures, effects of message over time and alternative message structures. To this end, 

we posed the following research question. 
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Research question: What is the effect of CCS messages on cognitive responses, attitudes, 

cognitive closure and behavior over time? 

This study’s results enhance the understanding of citizens’ reactions to CCS 

communication in four ways. First, our results show that messages induce attitudinal and 

behavioral responses in many citizens, but that these responses are often in the direction 

opposite to the communicator’s claim. These findings are in line with literature into the 

boomerang effect (de Vries, 2016; Fishbein et al., 2002; Hart & Nisbet, 2012). This effect 

is likely caused by motivated reasoning. In motivated reasoning, citizens use biased 

information processing, reinforcing their predispositions. For example, citizens may favor 

arguments supporting their attitude and discount arguments opposing their attitude 

(Taber et al., 2009). Messages can also activate unintended constructs that shape attitudes 

(Hart & Nisbet, 2012). For episodic messages, citizens may also fail to identify with the 

person in the anecdote or exemplar, making the message ineffective. Such biases and 

influences can prevent messages from achieving the desired effect. 

Second, citizens’ cognitive responses to messages illuminate citizens’ reasoning and can 

explain unexpected attitudinal or behavioral responses (Roh et al., 2015). For example, 

many messages induce responses about the risks and uncertainty of CCS, even when such 

considerations are not mentioned in the message. Unexpected responses may also be 

beneficial to aims of the communicator. For example, many citizens attend to the urgency 

of climate change mitigation, even though far fewer citizens mention the role of CCS in 

climate change mitigation. This response likely remains undetected if effectiveness 

measures focus only on the technology, not on the societal goals it aims to achieve. 

Third, our results show that attitude changes resulting from reading CCS messages tend 

to dissipate over time. Evidence for the effects of framing or communication over time is 

mixed; some studies report fleeting effects,  while others report long-lasting effects 

(Baden & Lecheler, 2012). It is likely differences in effectiveness over time are driven by 

differences in information processing methods: citizens that process information 

systematically form more stable attitudes than citizens that process information 

heuristically. Unmotivated citizens with a lack of knowledge on the topic are more likely 

process information heuristically (Chen & Chaiken, 1999; Petty & Wegener, 1999). Given 

the lack of knowledge about CCS among the general public (Ashworth et al., 2015; de Best-
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Waldhober, Brunsting, et al., 2012), heuristic processing of CCS messages and unstable 

attitude changes are likely outcomes of public communication. Contrastingly, behavioral 

intentions do not decrease significantly or may even increase. These results imply that 

citizens’ responses to communication about CCS are short-lived, except for the responses 

of particular citizen groups.  

Fourth, the messages constructed in empirical study 3 were as effective as, or more 

effective than, alternative message structures, especially the con message. The con 

reference message was more transparent, elicited more attitude change and sparked 

willingness to act in more respondents than many other messages. Yet, many citizens do 

not change their attitude and are unwilling to act after reading a message. Because of 

limited responses, any differences between messages are relatively small and difficult to 

detect. In contrast to differences in transparency, relevance, attitudes, cognitive closure 

or behavior, messages differed markedly in the cognitive responses they elicited. For 

example, some messages elicit many responses to risks of CCS (e.g. the hard messages), 

while others did not (e.g. the norm messages).  

Implications for communication 

For communicators, out results imply that the effects of public communication are limited, 

dissipate over time and often have unintended consequences. This implies that 

communicators need to communicate repeatedly and supplement communication with 

more intensive consultation and participation practices (Buhr & Wibeck, 2014). Fostering 

socio-political support for CCS may still prove difficult, given the boomerang effect, the 

relative effectiveness of con arguments, and the distrust of citizens  in new policy 

initiatives (Cobb & Kuklinski, 1997) or complex, uncertain technologies (Slovic, 1987).  

To tease out the responses to communication, communicators should attend to 

differences in cognitive responses to messages. Such insights can help communicators to 

further understand unexpected reactions to their messages and identify reactions that are 

beneficial to the communicator’s aim, but not detected by quantitative means of assessing 

effectiveness. For many communicators a likely benefit of communication about CCS is, 

for example, inducing more urgency for climate change mitigation among citizens.  
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Limitations  

Our study has several limitations. First, we used two measurements to identify effects 

over time. Although our results show that many effects have already dissipated within 

two or three weeks, tracking effects over time with multiple measurements would help to 

determine whether effects are more persistent for particular citizen groups (Lecheler & 

de Vreese, 2013; Lecheler & De Vreese, 2011).  

Second, the effectiveness measures were based on artificial, experimental settings. 

Behavioral responses are likely less common than intentions, resulting from a lack of 

skills among citizens or from environmental constraints on behavior (Yzer, 2012). 

Identifying the actual effectiveness of messages in the target audience is useful, but often 

not feasible or desirable (Fishbein et al., 2002). Any media attention or public 

communication about CCS is sparse, making it difficult to identify any effects in practice. 

Furthermore, experiments that aim to identify real-life reactions to communication about 

controversial topics are ethically questionable. Nonetheless, deepening insights into the 

causal mechanisms of behavioral responses to public communication is useful. Current 

models rarely account for cognitive responses to communication (Roh et al., 2015; 

Valkenburg & Peter, 2013), other than risk, benefit or cost perceptions, or for the role of 

cognitive closure (Koot et al., 2016). Given the importance of biased processing, it is likely 

such cognitive responses are important in explaining citizens’ reactions to 

communication about emerging technologies.  
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Contribution of the thesis 

In this thesis, we tackled four gaps in CCS communication literature; the limited 

understanding of (a) arguments in the CCS discourse, (b) moral considerations, (c) the 

relative importance of message components, and (d) heterogeneity among citizens. We 

answered the following research question:  

Research question: What message components influence the effectiveness of messages that 

support or oppose CCS for different groups of citizens? 

By answering this question and tackling these four literature gaps, we improve the 

understanding of citizens’ responses to CCS communication.  Communicators need insight 

into these responses to write comprehensive messages that foster socio-political support 

for CCS. Answering this question also improves our understanding of citizens’ responses 

to communication about other emerging technologies. As we have shown in the individual 

chapters, many of these gaps also exist in the literature on the communication of emerging 

technologies. Our primary contribution is improving the understanding of CCS 

communication, but many of our findings are relevant to other emerging technologies as 

well. 

Our results apply to emerging technologies that share features with CCS. For 

generalization purposes, the most important shared feature is that citizens do not interact 

with these technologies directly, but experience the consequences of their deployment. 

Examples of such technologies are geothermal installations, shale gas extraction, or 

energy infrastructures. These technologies are commonly characterized by unequal 

distributions of risks and benefits over actors and over time (Cuppen et al., 2015). 

Discussing measures taken to improve distributive and procedural justice is likely less 

important if the distribution of risks and benefits is fairer, such as technologies used in 

consumer products. Future research should examine whether our results are also 

applicable to technologies with divergent features. 

Contribution 1: Improved grasp of arguments in CCS discourse 

Previous studies have not investigated CCS arguments systematically. By focusing on 

risks, costs and benefits, these studies excluded important discourse arguments, such as 

CCS’s lock-in potential and competition with renewables. This exclusion impairs our 
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understanding of how citizens respond to the CCS discourse. Therefore, we propose that 

CCS communication studies focus on arguments as the building blocks of messages, in line 

with policy framing (Cobb & Kuklinski, 1997; Taber et al., 2009) and information 

processing studies (Petty & Cacioppo, 1984). With this focus, researchers can improve the 

understanding of citizens’ reactions to the CCS discourse and untangle the effect of 

argument components, such as reasoning and framing devices, on message 

persuasiveness.  

In line with this focus, this thesis centered on arguments. In study 1 (chapter 3), we 

investigated the persuasiveness, importance and novelty of 32 CCS arguments that 

experts consider as most prominent. In study 2 (chapter 4), we untangled these 

arguments into their components: claims, reasoning devices, and framing devices 

(Gamson & Modigliani, 1989). We investigated how these components affect the 

argument’s persuasiveness. In study 3 (chapter 5), we included these arguments in 

messages, investigating their persuasiveness, clarity and interestingness. These studies 

have generated four improvements in understanding citizens’ responses to CCS 

arguments. 

First, con arguments are more persuasive than pro arguments. Our results show that the 

most persuasive CCS arguments are con arguments (study 2). Furthermore, attitudes of 

citizens that processed mixed – pro and con – arguments (study 2) or messages (study 3, 

4) are predominantly negative. Explanations for con arguments’ persuasiveness are a 

general negativity bias in information processing (Rozin & Royzman, 2001) or citizens’ 

distrust of new policy initiatives (Cobb & Kuklinski, 1997) or complex, uncertain 

technologies (Slovic, 1987).  

Another explanation is that many citizens use biased processing (Fazio et al., 2015). Our 

results show that citizens that are negative before processing arguments or messages, 

prefer negative arguments and become more negative after processing (study 2). These 

citizens select information in line with pre-existing attitudes and ignore other information 

(Taber et al., 2009), leading to polarized attitudes after information processing (Keum et 

al., 2005). Yet, our results show that many citizens are unlikely to use such biased 

processing (47.1%, study 2). Furthermore, our results show that most citizens’ revert to 
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their original attitudes over time (study 4). Nevertheless, the negativity bias impedes the 

fostering of socio-political support for CCS through public communication. 

Citizen’s reactions to information about CCS in the media are likely more mixed. Through 

the media, citizens process mixed arguments (competitive conditions) instead of only pro 

or con arguments (non-competitive conditions). Research has shown that  attitude change 

is commonly weaker in such competitive conditions (Chong & Druckman, 2007), which is 

corroborated by our results: attitude change is less strong when citizens process mixed 

arguments (study 2) or messages (study 3, 4) rather than pro or con arguments or 

messages. Such competitive conditions are also more likely to motivate citizens to gather 

information and discuss the topic with peers (Borah, 2011b).  

Second, the primary argument for CCS – climate change mitigation – is less persuasive and 

important than arguments about norms, safety, economic benefits or industrial 

applications. Our results show that citizens find arguments about the contribution of CCS 

to climate change mitigation relatively unpersuasive and unimportant (study 1). 

Including these “secondary” consequences in messages that discuss the climate change 

contribution of CCS improves their persuasiveness substantially (study 3). Furthermore, 

citizens find arguments that dispute the importance of CCS for climate change mitigation 

relatively persuasive and important (study 1, 2). An example of such an argument is that 

CCS is not necessary for climate change mitigation – if renewable energy sources are 

developed further and energy use is reduced. Another persuasive example – in the form 

of a norm – is that prevention (of CO2 emissions) is better than a cure.  

The public apathy toward climate change – resulting from a lack of scientific knowledge, 

underestimation of the remote, abstract risks of climate change, or hierarchal, 

individualistic world-views – may explain these results (Kahan et al., 2012). Yet, how 

citizens respond to messages depends on how communicators discuss climate change 

mitigation. Our results show that communicators should elucidate the consequences of 

climate change (Bertolotti & Catellani, 2014; Myers et al., 2012; Spence & Pidgeon, 2010). 

For example, by discussing the effects of climate change on rising sea levels and floods. 

Communicators should also state explicitly that CCS is part of a portfolio of mitigation 

options. As citizens tend to prefer other mitigation options over CCS (de Best-Waldhober, 

Daamen, et al., 2012; Kraeusel & Möst, 2012), including such a statement may alleviate 
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citizens’ concerns with the end-of-pipe nature of CCS (Broecks et al., 2016; L’Orange Seigo 

et al., 2014) and concerns about the competition of CCS with renewables for funding 

(Boyd & Paveglio, 2014; Buhr & Hansson, 2011). Research had already shown that citizens 

tend to include CCS in mitigation portfolios (Fleishman et al., 2010; Mayer et al., 2014), 

but the value of elucidating the portfolio role of CCS in messages was unknown.   

Further research into communication about CCS should examine how the portfolio role of 

CCS can be communicated effectively, including the accompanying considerations, such 

as competition for resources, stability of energy supply and fossil fuel lock-in. Our results 

show that such arguments were unpersuasive and unimportant to most citizens (study 

1). A likely explanation is that the action – of using CCS – is difficult to connect to the 

consequence – a more stable supply of energy or less investment in renewable energy 

(Cobb & Kuklinski, 1997). Communication approaches that present citizens with 

portfolios of mitigation options  (Fleishman et al., 2010; Mayer et al., 2014) may be more 

effective in transmitting the importance of these arguments, but further research is 

needed to compare their effectiveness to other means of communication. 

Third, most citizens are concerned about the uncertainty and novelty of CCS, not about 

specific risks. Our results show that arguments about specific risks to human health and 

the environment are likely to be new, unpersuasive and unimportant (studies 1 and 2). In 

contrast, the con argument about general uncertainty – “CCS should not be used because 

CCS is new and has never been applied on a large scale, so the risks are not fully understood” 

– is relatively persuasive and important (studies 1 and 2). In their responses to messages, 

citizens are also more likely to mention general risks and uncertainty than the specific 

risks included in the messages (study 4). 

A likely explanation for these results is that citizens perceive CCS as unfamiliar, but less 

dreadful than many other technologies (Singleton, Herzog, & Ansolabehere, 2009). In this 

line of reasoning, citizens are concerned about CCS because it is novel, complex and 

uncertain (Slovic, 1987), not because its risks inspire a substantial amount of dread. Our 

results show that specific risks are likely to play minor role in the socio- political support 

for CCS, although these risks may be pertinent in community acceptance of specific CCS 

projects – for citizens directly exposed to these risks.  
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Fourth, reasoning devices contribute more to arguments’ persuasiveness than framing 

devices. Our results show that consequences and principles (reasoning devices) 

contribute most to the persuasiveness of an argument, followed by causal chains 

(reasoning devices) and framing devices, and the communicator (study 2). Yet, the 

importance of these components differs between citizen groups (study 2). Furthermore, 

arguments with harder causal chains are more persuasive than arguments with easier 

causal chains (study 2). An example of a hard argument about economic growth is “CCS 

should be used in the Netherlands because the development of technology for CCS attracts 

firms. For this reason, CCS contributes to employment and economic growth”. An example 

of the same economic growth argument with easier reasoning is “CCS should be used in the 

Netherlands because it is good for the economy”.  

Considering the complexity of CCS, a likely explanation for hard arguments’ 

persuasiveness is that the action (using CCS) is difficult to connect to consequences (Cobb 

& Kuklinski, 1997), such as economic growth or climate change mitigation. By making this 

connection explicit, a hard argument is easier to understand, becoming more persuasive 

in turn. Research has suggested that framing devices, such as metaphors, exemplars and 

catchphrases can also clarify complex topics (Burgers et al., 2016) and improve message 

persuasiveness (Laran et al., 2011; Sopory & Dillard, 2002; Zillmann, 2006). Yet, we found 

that metaphors and catchphrases do not improve the persuasiveness of CCS arguments, 

while exemplars improve persuasiveness only for specific citizen groups (study 2). Hence, 

communicators should use explicit reasoning to clarify arguments, instead of using 

framing devices. 

Further research into effects of arguments should expand the scope beyond arguments 

with a single claim, or a single framing device. As messages commonly have more complex 

structures, studies should explore whether our results hold for messages with multiple 

claims and arguments with multiple framing or reasoning devices. For example, framing 

devices may be more effective in arguments with explicit causal chains. Ideally, framing 

devices replace the need for explicit reasoning through causal chains, but our framing 

devices may have needed more reasoning to clearly connect the action (using CCS) to the 

consequence (e.g. economic growth). Additional explanation (i.e. harder causal chains) is 

also not likely to increase the argument’s persuasiveness or clarity after a certain 

threshold is reached. This additional information may even dilute the persuasiveness of 
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the messages (De Vries et al., 2014). Untangling such issues would further improve the 

understanding of citizens’ responses to arguments. 

Contribution 2: Improved grasp of moral considerations 

CCS communication studies have not investigated the role of norms, values or justice 

considerations systematically (L׳Orange Seigo et al., 2014). To tackle this literature gap, 

we examined the persuasive benefits of including injunctive norms, descriptive norms 

and justice considerations in messages, generating two contributions. 

First, arguments with injunctive norms are relatively persuasive and important to 

citizens. Our results show that the most important and persuasive arguments use 

injunctive norms (studies 1 and 2). The persuasive pro norm was that “a waste product 

such as CO2 should be disposed of properly”, while the persuasive con norm was that “it is 

better to avoid generating CO2 than to store the CO2”. Including these norms in messages 

improves the message’s persuasiveness significantly, corroborating the importance of 

norms in public engagement (Cuppen et al., 2015). Yet, our results show that injunctive 

norms do not improve message persuasiveness significantly more than consequences do 

(study 3).  A likely explanation for the discrepancy between studies is that the messages 

in study 3 explained CCS in more detail than the arguments, clarifying the consequences 

and improve their persuasiveness in turn. Nevertheless, messages should incorporate 

arguments that resonate with the norms and values of citizens (Kahan et al., 2012; M. C. 

Nisbet & Scheufele, 2009; Persson et al., 2015). Further research should identify other 

values or norms that are applicable to CCS and resonate with citizens. For example, the 

norm that humans should not interfere with nature (L׳Orange Seigo et al., 2014). 

Second, elucidating the decision making process improves the persuasiveness and clarity 

of the message significantly (study 3). In line with expectations (Tabi & Wüstenhagen, 

2017; Terwel et al., 2010), using a participatory decision making process is more 

persuasive than leaving the decision to a national or municipal government. Attending to 

considerations of distributive and procedural justice is vital to foster support for 

technologies such as CCS (Gross, 2007; Huijts et al., 2012; Wüstenhagen et al., 2007). 

Research shows that measures taken to attend to these considerations, such as shared 

ownership of deployment projects (Goedkoop & Devine-wright, 2016), host community 

compensation (ter Mors et al., 2012) or participatory planning processes (Morrell, 1999), 



Chapter 7   

140 

can foster community support. Yet, how the implementation of these measures influences 

socio-political support for technologies among the general public is not fully clear. To this 

end, studies should disentangle the relative importance of these measures compared to 

techno-economic characteristics or consequences of technological development (see, for 

example, Tabi & Wüstenhagen, 2017). 

Contribution 3: Improved grasp of components’ relative importance  

Communicators that include too few message components may omit crucial information, 

while communicators that include too many components may dilute their message’s 

persuasiveness. These opposing effects create a communicator’s dilemma. 

Communicators cannot use previous studies to solve this dilemma for two reasons. First, 

previous studies have not revealed the relative importance of message components 

(O’Keefe, 2014). Second, previous studies did not show how the dilution effect differs 

between citizens. To solve the communicator’s dilemma, we investigated what message 

components contribute most to the clarity, persuasiveness and interestingness of 

messages about emerging technologies for audiences that differ in knowledge, motivation 

and need for cognition in study 3. 

Our strategy for writing messages combined five common message strategies: reducing 

knowledge deficit, activating perceived consequences, activating injunctive norms, 

activating descriptive norms and activating justice considerations. Message components 

that activate perceived consequences (arguments, climate change consequences), 

activate injunctive norms (arguments) or activate justice considerations (decision making 

process) contribute most to message persuasiveness, clarity and interestingness. Apart 

from the role of CCS in a climate change mitigation portfolio and the storage location, 

technological characteristics have little impact on message persuasiveness, 

interestingness or clarity.  

The results imply that a knowledge deficit strategy that focuses on filling knowledge gaps 

and correcting misconceptions is suboptimal. Besides valid criticisms on this strategy 

posed by others (Kahan et al., 2012; M. C. Nisbet & Scheufele, 2009), technological details 

are unlikely to substantially affect the message’s clarity, persuasiveness or 

interestingness. Communicators should instead discuss the consequences of emerging 

technologies, appeal to principles that guide behavior and elucidate the decision making 
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process. As others argued previously (Kahan et al., 2012), we suggest that future research 

centers on arguments and participation procedures that resonate with the values of 

citizens instead of untangling the effects of technological details. 

With regard to the dilution effect, we showed that the message’s length has a significant, 

linear, negative effect on persuasiveness, clarity and interestingness. This effect implies 

that information that is not essential to convey the communicator’s claim or core 

argument tends to dilute the message’s persuasiveness. This result corroborates previous 

research on the dilution effect in persuasive communication (de Vries et al., 2016). 

Furthermore, we show that the message’s persuasiveness decreases linearly as words are 

added to the message’s foundation. We did not find any evidence for a weakening or 

strengthening of the dilution effect after a length threshold was reached. Yet, our 

messages were all relatively short – they consisted of 206 words maximum. A weakened 

or strengthened effect may still occur at a longer length than these messages.  

Contribution 4: Improved grasp of heterogeneity 

Although some CCS communication studies include CCS attitude or socio-demographics 

as control variables (Kraeusel & Möst, 2012; L’Orange Seigo et al., 2011), they rarely 

examine how differences between citizens in beliefs, values or information processing 

methods affect message persuasiveness. To tackle this literature gap, we investigated the 

role of heterogeneity in message effects in empirical studies 1 to 3. 

In study 1, we showed how citizens differ in their responses to arguments. We identified 

differences between citizens based on unobserved heterogeneity: citizen characteristics 

that are not measured directly, but are inferred from respondents’ choices. Uncovering 

unobserved heterogeneity is advantageous when substantive differences between 

citizens are unknown or difficult to observe, such as differences in beliefs or values. The 

persuasiveness of arguments is primarily driven by whether arguments resonate with 

citizens’ beliefs and values(Bruine de Bruin & Bostrom, 2013; Kahan et al., 2012; M. C. 

Nisbet & Scheufele, 2009). Our results show that some citizens focus on injunctive norms, 

while others focus on particular consequences. This difference may be driven by motives 

that guide behavior: some citizens are motivated by resource gains, while others are 

motivated by norms or emotions (Lindenberg & Steg, 2007). Citizens also differ in the 

specific consequences they find persuasive, important or new. We identified groups of 
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citizens that prefer arguments about the role of CCS in the energy mix, the affordability 

and security of energy supply, specific risks to citizens living near storage locations or the 

international position of the Netherlands with regard to CCS. 

In study 2, we show that citizens differ in their response to framing and reasoning devices 

(unobserved heterogeneity). We identified four groups of citizens that differ in their 

reactions to framing and reasoning devices. These differences are likely driven by 

differences in information processing among citizens. Some citizens are conducive to 

framing devices, while others find particular consequences or norms persuasive, 

independent of their frame. Furthermore, some citizens use biased processing 

information, attending only to either pro or con arguments. These citizens select 

information in line with pre-existing attitudes and ignore other information (Taber et al., 

2009), leading to more polarized attitudes after information processing (Keum et al., 

2005). 

In study 3, we showed how the dilution effect differs between citizens differing in 

knowledge, motivation and need for cognition (observed heterogeneity). We showed that 

that the dilution effect is weaker for highly motivated, moderately knowledgeable citizens 

with a high need for cognition. The rationale for this effect is based on dual process models 

that posit that these citizens are less likely to be distracted or disrupted by additional 

information (Chen & Chaiken, 1999; Petty & Wegener, 1999).  

To explain group differences, further research should identify beliefs and values that drive 

differences in responses to CCS communication. Previous studies primarily focused on 

socio-demographics, CCS attitude or risk, benefit and cost perceptions (L׳Orange Seigo et 

al., 2014). Yet, our results show that socio-demographics explain only a minor part of 

differences in these responses (study 1, 2). To fully understand these responses, research 

should move beyond individual risk and benefit perceptions (Freudenburg & Pastor, 

1992) and connect these responses to more general concepts, such as worldviews 

(Cherry, García, Kallbekken, & Torvanger, 2014) or place attachment (Devine-Wright & 

Batel, 2017). 
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Implications for communication 

Fostering socio-political support with public communication is likely easier for industrial 

CCS than for CCS in power generation. Our results show that citizens are responsive to 

arguments about the lack of options in industry. Contrastingly, conveying the importance 

of cost efficiency, base-load power generation or negative emissions is much more 

difficult, given citizens’ unresponsiveness to such arguments. For Enhanced Oil Recovery, 

our results show that citizens’ responses are likely mixed. Some citizens are persuaded by 

the possibility of combining economic gains with climate change mitigation, but many 

others are explicitly skeptical of such a combination. Regardless of the CCS technology, 

socio-political support can likely be fostered more easily if CCS is explicitly included in a 

portfolio of mitigation options. 

Segmented communication is likely necessary to engage citizens and foster socio-political 

support for CCS, given the diversity of citizens’ responses to communication. For a 

motivated, knowledgeable audience, communicators should combine message strategies 

into a single, comprehensive message. The dilution effect is rather strong for citizens that 

are not knowledgeable, unmotivated and have a low need for cognition. For such an 

audience, communicators should only focus on information that is essential to convey the 

communicator’s claim. In other situations, communicators should focus on one or two 

captivating consequences or principles and elucidate the participation of citizens. A 

segmented communication approach can use distinct CCS storylines to engage population 

segments. Our results provide a foundation for the construction of such storylines. For 

example, storylines focused on the safety and uncertainties of CCS (see Class 1, study 2) 

or the role of CCS in the energy mix (see Class 2, study 1). Yet, additional research may be 

necessary to identify the most important beliefs and values of the target audience (Bruine 

de Bruin & Bostrom, 2013). 

Nevertheless, we can recommend several general guidelines for CCS communication: 

1. Comprehensiveness is key: limit discussions of technological details, but 

elucidate arguments for developing and using CCS. 

2. To increase the pertinence of climate change mitigation for citizens, discuss its 

consequences and incorporate norms into arguments about climate change 

mitigation.  
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3. If CCS will be part of a mitigation portfolio, stress this explicitly in messages. 

4. Stress normative considerations for using CCS. For example, “a garbage 

product such as CO2 should be disposed of properly”.  

5. Elucidate the consequences of developing CCS with regard to safety, economic 

benefits and industrial applications. 

6. In discussing consequences, clearly connect the action – using CCS – to 

consequences, such as climate change mitigation or economic growth, using 

clear, explicit reasoning. For CCS, such explicit reasoning is more effective than 

catchphrases, metaphors or exemplars. 

7. Address the uncertainty and novelty of CCS and discuss measures taken to 

address this uncertainty.  

8. Attend to considerations of distributive and procedural justice and discuss 

measures that can be taken to attend to these considerations, such as 

participatory decision making or host community compensation. 

9. Whenever possible, collaborate in communication with other organizations 

supporting the same claim.  

10. To foster socio-political support, public consultation and participation is likely 

necessary, given the limited effects of communication and the biases inherent 

in information processing. 

Limitations 

Throughout the discussion we have highlighted limitations of our studies with regard to 

the individual gaps. In addition to these limitations, this thesis suffers from several 

limitations related to our general approach to studying CCS communication. First, 

although studies were conducted with a representative sample across a national 

population, the thesis focused on a single technology and a single country, which limits 

the generalizability of the results. Differences in culture, attitudes toward technology, or 

linguistic styles could impact the effects of argument or message components. Future 

research should examine these effects in other countries and for other emerging 

technologies to further scrutinize our results. 

Second, to keep the number of required respondents within reasonable limits, we 

confined our component selection to the components that CCS experts perceived as most 
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important. Our messages targeted a general public with a general claim for or against the 

use of CCS. Future research should investigate project-focused messages to examine the 

effects of specific measures taken to foster procedural and distributive justice, such as 

shared ownership models (Goedkoop & Devine-wright, 2016) or compensating the 

communities that host these projects (ter Mors et al., 2012).  

Third, using this message strategy, our messages depicted imaginary, but realistic futures 

for the technology, attending to its societal role and distributive and procedural. In 

empirical study 4, we showed that our message strategy is more effective than other many 

alternative message strategies. Yet, our approach is limited in scope: other message 

structures may also be effective, such personal anecdotes (Aarøe, 2011; Hart, 2011; 

Iyengar, 1994) or endorsements by opinion leaders (Tripp et al., 1994). Future research 

should investigate whether interweaving our message structure with, for example, 

personal anecdotes can help communicators to clarify the usefulness or importance of the 

technology more succinctly.  
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Appendix A Survey Introduction 

At the beginning of the survey, respondents read the following description before any 

questions were asked:  

“The use of CO2-storage is being considered in the Netherlands, as well as abroad. The 

arguments for and against CO2-storage thus need to be evaluated. Your opinion about these 

arguments is important to us”.  

CCS was then succinctly explained as following:  

“CO2-storage separates CO2 from other gases, for example in the emissions of a power plant. 

The CO2 is then transported to a location where it is stored underground for a long time”. 

The goal of CCS was succinctly explained right before the experiment in empirical studies 

1 and 2 (chapters 3 and 4): 

“CO2-storage is one of the ways of reducing the emissions of CO2 to the air. Other ways are 

solar panels, wind turbines, nuclear power plants, biomass and reducing energy use. To 

make the right decision, arguments for and against CO2-storage are being considered”. 
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Appendix B List of Arguments 

All arguments used in study 1 are displayed below. Note that these arguments were 

originally formulated in Dutch: some of the meaning of the arguments may have gotten 

lost in translation. Also note that these arguments refer to ‘CO2 storage’, because the Dutch 

media use this term instead of ‘Carbon Capture and Storage’ 

Table B-1  

List of Pro Arguments 

  

Nr. Pro arguments Label 

P1 The climate problem cannot be solved without CO2 storage.   climate problem 
P2 CO2 storage is needed to honor international climate agreements. climate agreements 
P3 CO2 storage requires fewer lifestyle changes. lifestyle changes 
P4 The Netherlands should set an example when it comes to CO2 storage.  set an example 
P5 CO2 storage reduces the need for nuclear energy.  reduces need for nuclear 

P6 
CO2 storage can be used in industries where there are no other options 
for reducing CO2 emissions. 

industrial applications 

P7 
CO2 storage makes it feasible to use large supplies of coal for cheap 
energy. 

cheap coal 

P8 
The development of technology for CO2 storage contributes to 
employment and economic growth. 

economic benefits 

P9 
CO2 storage is cheaper than solar or wind energy in the medium to 
long term. 

relatively cheap 

P10 
The Netherlands has a good starting position because of its experience 
with natural gas. 

natural gas experience 

P11 
Other countries have used technologies for CO2 storage safely for 
many years. 

used in other countries 

P12 CO2 storage is already being used to recover more oil from oilfields. enhanced oil recovery 

P13 
CO2 storage is safe. CO2 is stored in natural gas fields where natural gas 
was stored for millions of years. 

safety of natural gas fields 

P14 CO2 storage uses less space than solar panels or wind turbines. space requirements 

P15 
Gas or coal plants with CO2 storage are a stable supplement to the 
inconsistent supply of solar and wind energy. 

stable energy supply 

P16 A waste product such as CO2 should be disposed of properly. dispose of CO2 garbage 
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Table B-2  

List of Con Arguments 

  

Nr. Con arguments Label 

C1 The climate problem can be tackled without CO2 storage.   
unnecessary for climate 
problem 

C2 CO2 storage promotes the use of new coal-fired power plants. promotes coal 

C3 
CO2 storage is more expensive than solar or wind energy in the long 
term.  

relatively expensive 

C4 
It is not certain that there will be a return on large investments in CO2 
storage. 

investment uncertainty 

C5 Storage sites for CO2 have to be monitored indefinitely.  indefinite monitoring 
C6 Real estate prices near CO2 storage facilities may fall. falling real estate prices 
C7 CO2 storage detracts from the development of renewable energy. detracts from renewables 
C8 Electricity bills will be higher because of CO2 storage. higher electricity bills 

C9 
CO2 storage is new and has never been applied on a large scale, so 
the risks are not fully understood. 

risks not fully understood 

C10 It is better to avoid generating CO2 than to store the CO2. avoid generating CO2 

C11 
If a lot of CO2 leaks on a windless day, a suffocating cloud of CO2 could 
be created. 

suffocation 

C12 
Groundwater might become acidified if CO2 were to leak out of an 
underground pipeline. 

groundwater acidification 

C13 
CO2 storage can cause small earthquakes, comparable to those 
caused by natural gas extraction. 

earthquakes 

C14 Hazardous chemicals are used in the capture of CO2. hazardous chemicals 
C15 Power plants with CO2 storage require 10-40 % more energy. energy requirements 
C16 There is little public support for CO2 storage. lack of public support 
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Appendix C List of Argument Frames 

All variations of the arguments used in study 2 are displayed below. Note that these 

variations were originally formulated in Dutch: some of the meaning of the arguments 

may have gotten lost in translation. Also note that these arguments refer to ‘CO2 storage’, 

because the Dutch media use this term instead of ‘Carbon Capture and Storage’. Italics 

have been added to the original formulations to emphasize exemplars or catchphrases. 

Table C-1 

List of Argument Components for Study 2 

nr 
consequence / 
principle 

causal chain / 
framing device 

argument 

1 
industrial 
applications 

reference 
CO2 storage can be used in industries where there are no other 
options for reducing CO2 emissions. 

2 
industrial 
applications 

easy causal chain Some industries need CO2 storage. 

3 
industrial 
applications 

hard causal chain 
Some industries need coal to make products. When coal is burned it 
creates CO2. CO2 storage is the only way to reduce those emissions. 

4 
industrial 
applications 

exemplar 
CO2 storage is the only way for a steel plant to reduce CO2 
emissions. 

5 
industrial 
applications 

catchphrase 
You cannot make steel with windmills. You need a fuel that contains 
coal to produce steel. That process causes CO2 emissions. CO2 
storage reduces those emissions. 

6 
industrial 
applications 

equivalency 
frame (foregone 
gain) 

Some industries cannot reduce CO2 emissions sufficiently without 
CO2 storage. 

7 economic growth reference 
The development of technology for CO2 storage contributes to 
employment and economic growth. 

8 economic growth easy causal chain CO2 storage is good for the economy. 

9 economic growth hard causal chain 
The development of technology for CO2 storage attracts firms. For 
this reason, CO2 storage contributes to employment and economic 
growth. 

10 economic growth exemplar 
The harbor of Rotterdam would like to earn money with CO2 
storage. This harbor is of critical importance for the Dutch economy. 

11 economic growth metaphor 
Germany is the frontrunner in solar and wind energy. The 
Netherlands can still be the frontrunner in CO2 storage and capture 
the resulting profits. 

12 economic growth 
equivalency 
frame (foregone 
gain) 

There will be less economic growth and fewer employment 
opportunities without the development of CO2 storage. 

13 
economic 
opportunities nl 

reference 
The Netherlands has a good starting position for CO2 storage 
because of its experience with natural gas. 

14 
economic 
opportunities nl 

easy causal chain The Netherlands is very well-situated for CO2 storage. 

15 
economic 
opportunities nl 

hard causal chain 
We already have empty natural gas fields, pipe lines for transport, 
and a lot of knowledge. Therefore, the Netherlands is very well-
situated for CO2 storage. 

16 
economic 
opportunities nl 

exemplar 
Countries like Germany have little experience with natural gas. The 
Netherlands is a frontrunner in this area. Therefore, the 
Netherlands is very well-situated for CO2 storage. 
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17 
economic 
opportunities nl 

catchphrase 
The Netherlands is the frontrunner in knowledge of and 
opportunities for CO2 storage. Let´s not waste this opportunity. 

18 
economic 
opportunities nl 

equivalency 
frame (foregone 
gain) 

Without CO2 storage, the Netherlands does not take advantage of 
its superior starting position due to its experience with natural gas. 

19 safety reference 
CO2 storage is safe. CO2 is stored in natural gas fields where natural 
gas was stored for millions of years. 

20 safety easy causal chain CO2 storage is safe. 

21 safety hard causal chain 
Natural gas was stored safely underground in the Netherlands for 
millions of years. CO2 is a gas, just like natural gas. For this reason, 
CO2 can be stored safely underground in the Netherlands.  

22 safety exemplar 
CO2 storage in the North of the Netherlands or under the seabed is 
safe. Natural gas was stored there for millions of years. 

23 safety metaphor  
CO2 storage in natural gas fields is safe. Just as a soda bottle can be 
refilled with water, an empty natural gas field can be refilled with 
CO2. 

24 safety 

equivalency 
frame (safety 
attribute is 
reversed) 

Emitting CO2 is less safe than storing CO2 in natural gas fields where 
natural gas was stored for millions of years. 

25 energy supply reference 
Gas or coal plants with CO2 storage are a stable supplement to the 
inconsistent supply of solar and wind energy. 

26 energy supply easy causal chain Gas or coal plants with CO2 storage can always supply power. 

27 energy supply hard causal chain 

The supply of solar and wind energy depends on the weather. This is 
not the case for gas or coal plants with CO2 storage. They can always 
supply power because they are not dependent on weather 
conditions. 

28 energy supply exemplar 
A solar panel cannot supply power at night. We will also need power 
at night. For this reason, we need gas or coal plants with CO2 
storage. 

29 energy supply catchphrase 
A solar panel does not work at night. For this reason, we need gas or 
coal plants with CO2 storage. Otherwise, the lights will go out. 

30 energy supply 
equivalency 
frame (foregone 
gain) 

Without gas or coal plants with CO2 storage, there will be no power, 
if the sun does not shine and the wind does not blow. 

31 
principle: dispose 
of garbage 

reference A waste product, such as CO2, should be disposed of properly. 

32 
principle: dispose 
of garbage 

easy causal chain CO2 should be disposed of properly. 

33 
principle: dispose 
of garbage 

hard causal chain CO2 is a waste product. Therefore, it should be disposed of properly. 

34 
principle: dispose 
of garbage 

exemplar 
Glass is disposed of properly by putting it in the recycling container. 
We should also dispose of CO2 properly. 

35 
principle: dispose 
of garbage 

catchphrase 
In the Netherlands, we like to say “good riddance.” That also goes 
for CO2. 

36 
principle: dispose 
of garbage 

equivalency 
frame (principle 
is reversed) 

A waste product such as CO2 should not be released into the air. 

37 climate change reference The climate problem can be tackled without CO2 storage.   

38 climate change easy causal chain CO2 storage is unnecessary.  

39 climate change hard causal chain 
If we produce renewable energy and reduce energy use, we can 
tackle the climate problem without CO2 storage. 

40 climate change exemplar 
We can also tackle the climate problem by investing in solar and 
wind energy. CO2 storage is then unnecessary. 
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41 climate change catchphrase 
Why make things more difficult than necessary? The climate 
problem can be tackled without CO2 storage. 

42 climate change 
equivalency 
frame (foregone 
gain) 

CO2 storage will not solve the climate problem. 

43 real estate prices reference Real estate prices near CO2 storage facilities may fall. 

44 real estate prices easy causal chain CO2 storage is bad for real estate prices. 

45 real estate prices hard causal chain 
CO2 storage can decrease the attractiveness of an area. This can 
cause real estate prices to fall. 

46 real estate prices exemplar 
The citizens of Barendrecht were worried that their houses would 
decrease in value because of CO2 storage nearby. 

47 real estate prices metaphor  
Prices of houses near a garbage dump will decrease in value. That 
could also be the case for houses near CO2 storage. 

48 real estate prices 
equivalency 
frame (avoided 
loss) 

Without CO2 storage, real estate prices will decrease less in value. 

49 unknown risks reference 
CO2 storage is new and has never been applied on a large scale, so 
its risks are not fully understood. 

50 unknown risks easy causal chain The risks of CO2 storage are not fully understood. 

51 unknown risks hard causal chain 
CO2 storage is new and has never been applied on a large scale. 
Therefore, we have little experience with the technology. The risks, 
therefore, are not fully understood. 

52 unknown risks exemplar 
The facades of houses in Groningen have been destroyed by natural 
gas extraction. That effect was not predicted. This also applies to 
CO2 storage: we do not fully understand the risks. 

53 unknown risks catchphrase 
Let’s not get ahead of ourselves. CO2 storage is new and has never 
been applied on a large scale. 

54 unknown risks 

equivalency 
frame (safety 
attribute is 
reversed) 

CO2 storage is new and has only been applied on a small scale, so its 
risks are not fully understood. 

55 
risk of 
suffocation 

reference 
If a lot of CO2 leaks on a windless day, a suffocating cloud of CO2 
could be created. 

56 
risk of 
suffocation 

easy causal chain If CO2 leaks, a suffocating cloud of CO2 could be created. 

57 
risk of 
suffocation 

hard causal chain 

If a large amount of CO2 leaks on a windless day, the CO2 can 
accumulate in one spot because CO2 is heavier than air. The CO2 
concentration in the air will then become so high that people could 
suffocate. 

58 
risk of 
suffocation 

exemplar 
In Cameroon over a thousand people were killed due to CO2 leaking 
from a lake. CO2 leaks in the Netherlands can also lead to casualties.   

59 
risk of 
suffocation 

metaphor 
Just as fog hangs low in the air on a cold winter’s day, CO2 can hang 
above the ground on a windless day and create a suffocating cloud. 

60 
risk of 
suffocation 

equivalency 
frame (avoided 
loss) 

Without CO2 storage, there will not be suffocating CO2 clouds. 

61 
risk of 
groundwater 
acidification 

reference 
Groundwater might become acidified if CO2 were to leak out of an 
underground pipeline. 

62 
risk of 
groundwater 
acidification 

easy causal chain Groundwater will acidify if CO2 leaks out of a pipeline. 

63 
risk of 
groundwater 
acidification 

hard causal chain 
If CO2 were to leak out of an underground pipeline, it could come 
into contact with groundwater. The CO2 concentration might then 
become so high that the groundwater acidifies. 
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64 
risk of 
groundwater 
acidification 

exemplar 
Groundwater might become acidified by CO2 leaks. This can lead to 
the presence of toxic chemicals in the groundwater. 

65 
risk of 
groundwater 
acidification 

metaphor 
Just as an oil leak contaminates sea water, CO2 acidifies the 
groundwater. 

66 
risk of 
groundwater 
acidification 

equivalency 
frame (avoided 
loss) 

Without CO2 storage, groundwater will not acidify due to CO2 that 
leaks out of an underground pipeline. 

67 
principle: 
prevention 
before cure 

reference It is better to avoid generating CO2 than to store the CO2. 

68 
principle: 
prevention 
before cure 

easy causal chain It is better to avoid generating CO2. 

69 
principle: 
prevention 
before cure 

hard causal chain 
It is better to tackle the root of the problem. Therefore, we should 
not store CO2, but instead should avoid generating it. 

70 
principle: 
prevention 
before cure 

exemplar 
Solar and wind energy tackle the root of the problem. They avoid 
generating CO2. That is better than CO2 storage. 

71 
principle: 
prevention 
before cure 

catchphrase 
Prevention is better than a cure. Therefore, it is useless to first 
generate CO2

 and then store it underground. 

72 
principle: 
prevention 
before cure 

equivalency 
frame (principle 
is reversed) 

It is worse to store the CO2 than to avoid generating CO2. 
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Appendix D List of Message Components 

All message components used in study 3 are displayed below. Note that these components 

were originally formulated in Dutch: some of the meaning of the arguments may have 

gotten lost in translation. Also note that these arguments refer to ‘CO2 storage’, because 

the Dutch media use this term instead of ‘Carbon Capture and Storage’. 

Table D-1 

List of Message Components for Study 3 

attribute level  label text in message 

transport  none 

pipeline via pipeline 

storage location 
  
  

none 

netherlands location in the netherlands 

north of the netherlands location in the north of the Netherlands 

in your municipality location in your vicinity 

far from the coast location far from the coast 

under the seabed location under the sea 

in the "Waddenzee" location under the waddenzee 

in the North Sea location under the north sea 

storage terminology 
  
  

none 

empty gas field in an empty gas field 

reservoir in a reservoir 

porous rock in porous rock 

storage depth 
terminology 
  
  

none deep underground 

2000 meters depth at a depth of 2000 meters 

2 kilometers depth at a depth of 2 kilometers 

depth equals 10 x Euromast at a depth equal to 10 times the Euromast 

combination 
  
  

none 

ccs in portfolio of measures CO2-storage will be combined with other measures, such 
as solar panels and wind turbines. 

climate 
consequence 
  
  

none 

general Climate change has severe consequences. 

sea level rise & floods Climate change has severe consequences, such as rising 
sea levels and floods. 

spread of tropical disease Climate change has severe consequences, such as the 
spreading of tropical disease to Europe. 

argument  
  

 
none 

pro industrial applications An advantage is that CO2 storage can be used in industries 
where there are no other options for reducing CO2 
emissions. 

economic growth There will be less economic growth and fewer 
employment opportunities without the development of 
CO2 storage. This a reason to use CO2-storage. 

safety An advantage is that CO2 storage in the North of the 
Netherlands or under the seabed is safe. Natural gas was 
stored there for millions of years. 

energy supply An advantage is that gas and coal plants with CO2-storage 
are dependent on the weather and can always supply 
power. This is not the case for solar and wind energy. 
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principle: clean up garbage A waste product, such as CO2, should be disposed of 
properly. This is a reason to use CO2-storage. 

economic opportunities nl An advantage is that the Netherlands is the frontrunner in 
knowledge of and opportunities for CO2 storage. Let´s not 
waste this opportunity. 

con 
  

principle: prevention, not 
cleanup 

It is better to tackle the root of the problem. Therefore, 
we should not store CO2, but instead should avoid 
generating it. This is a reason not to use CO2-storage. 

housing prices A disadvantage is that CO2 storage can decrease the 
attractiveness of an area. This can cause real estate prices 
to fall. 

climate change We can tackle the climate problem without CO2 storage, if 
we produce renewable energy and reduce energy use. 
This is a reason not to use CO2-storage. 

unknown risks A disadvantage is that the risks of CO2 storage are not 
fully understood. 

risk of suffocation A disadvantage is that, a suffocating cloud of CO2 could be 
created, if a lot of CO2 leaks on a windless day. 

risk of groundwater 
acidification 

A disadvantage is that CO2 could come into contact with 
groundwater, if it were to leak out of an underground 
pipeline. The CO2 concentration might then become so 
high that the groundwater acidifies. 

descriptive norm 
  
  

none 

62% local positive Research shows that 62% of the residents of your 
municipality is positive about CO2-storage. 

38% local positive Research shows that 38% of the residents of your 
municipality is positive about CO2-storage. 

90% local positive Research shows that 90% of the residents of your 
municipality is positive about CO2-storage. 

10% local positive Research shows that 10% of the residents of your 
municipality is positive about CO2-storage. 

62% local negative Research shows that 62% of the residents of your 
municipality is negative about CO2-storage. 

38% local negative Research shows that 38% of the residents of your 
municipality is negative about CO2-storage. 

90% local negative Research shows that 90% of the residents of your 
municipality is negative about CO2-storage. 

10% local negative Research shows that 10% of the residents of your 
municipality is negative about CO2-storage. 

62% positive Research shows that 62% of Dutch citizens is positive 
about CO2-storage. 

38% positive Research shows that 38% of Dutch citizens is positive 
about CO2-storage. 

90% positive Research shows that 90% of Dutch citizens is positive 
about CO2-storage. 

10% positive Research shows that 10% of Dutch citizens is positive 
about CO2-storage. 

62% negative Research shows that 62% of Dutch citizens is negative 
about CO2-storage. 

38% negative Research shows that 38% of Dutch citizens is negative 
about CO2-storage. 

90% negative Research shows that 90% of Dutch citizens is negative 
about CO2-storage. 

10% negative Research shows that 10% of Dutch citizens is negative 
about CO2-storage. 

none 
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Decision making 
process 
  
  

national government In the end, the national government will decide whether 
or not CO2-storage will be used in the Netherlands. 

municipal government In the end, the municipal government will decide whether 
or not CO2-storage will be used in their municipality. 

participation of residents In the end, citizens that live in the vicinity of the storage 
location will be involved in decisions about CO2-storage. 
They will have a say in the conditions for storing CO2 in 
their municipality. 

Claim 
  
  

pro for  

con against 

Communicator 
  
  

none we 

scientists dutch scientists 

government the national government 

energy company energy companies 

engo environmental organizations 

government & scientists the national government and Dutch scientists 

government & energy 
companies 

the national government and energy companies 

government & engos the national government and environmental 
organizations 

scientists & energy 
companies 

Dutch scientists and energy companies 

scientists & engos Dutch scientists and environmental organizations 

engos and energy 
companies 

energy companies and environmental organizations 

all communicators the national government, Dutch scientists, energy 
companies and environmental organizations 
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Appendix E list of Messages 

This appendix lists all messages used in study 4. All messages were translated from Dutch, 

so some of their meaning may have gotten lost in translation. 

CO2 storage necessary measure (hard arguments, pro) 

From our reporter 

The amount of greenhouse gases in the atmosphere reached a record height last year, 

according to the World Meteorological Organization (WMO). Sea levels are rising because 

the amount of greenhouse gases is too high. Reducing CO2 emissions is a slow process. 

International governments have agreed to reduce the amount of CO2 in the air. The 

national government is considering storing CO2 underground. 

Storing CO2 not only reduces the amount in the atmosphere, but can also offer a solution 

for preventing land subsidence in the North of the Netherlands in the future. Research 

shows that filling the fields with gas will reduce the likelihood of land subsidence. 

The Netherlands wants to have a CO2-poor industry in 2050. According to politicians, 

storage is a fitting transition measure on the road to a sustainable society. In the long 

term, storage will likely not be needed because there will be enough renewable energy 

sources by then. The government will discuss the storage this fall. 

CO2 storage up for discussion (hard arguments, con) 

From our reporter 

The amount of greenhouse gases in the atmosphere reached a record height last year, 

according to the World Meteorological Organization (WMO). Sea levels are rising because 

the amount of greenhouse gases is too high. Reducing CO2 emissions is a slow process. 

International governments have agreed to reduce the amount of CO2 in the air. The 

national government is considering storing CO2 underground. 

There are a lot of objections against this storage. The risks have not been fully mapped 

yet, according to critics. They are concerned about acidification of the ground water when 

it comes into contact with CO2. 
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Opponents also argue that storage does not solve the problem. They prefer that the cause 

of the CO2-problem is tackled and that energy is used more carefully. Furthermore, 

renewable energy sources should be developed more quickly. The government will 

discuss the storage this fall. 

Not in my backyard. Or is it? (episodic, pro) 

By: Dorrie Dikkers 

Finally, summer has come. The heat is unbearable. It is impossible to get a grip on the 

weather. The kids are wearing rain coats and sweaters one day, and are dancing in 

swimming trunks under the garden hose the other day. It drives you crazy. Back in the 

day, everything was clear and there were four seasons. Now, you have to check the 

calendar to know whether it is spring or summer. 

Mother earth seems upset. I was thinking about this when I heard that there will be an 

information evening about underground CO2 storage. What? That’s right; I also had to 

read it three times, but in short it concerns storing dangerous pollutants in empty gas 

fields. The earth is warming up as a result of all those pollutants, which causes the climate 

to change. That gas will be stored under my garden. At first I thought “let’s get out of here, 

I will not live on top of a CO2 bubble!” Not in my backyard, or rather: under my backyard. 

Who would want that? 

At home, I turned down the heat and bought expensive double glazing. Apparently that is 

not enough. I have the feeling I should be doing more. We cannot leave our children and 

grandchildren with a planet that has become unlivable due to greenhouse gases. I know 

storage does not tackle the cause of the problem. We have to switch to renewable energy 

as soon as possible. Until then, I would not mind living on top of a gas field that is not filled 

with natural gas, but with CO2. 

Stress (episodic, con) 

By: Dorrie Dikkers 

Finally, summer has come. The heat is unbearable. It is impossible to get a grip on the 

weather. The kids are wearing rain coats and sweaters one day, and are dancing in 

swimming trunks under the garden hose the other day. It drives you crazy. Back in the 
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day everything was clear and there were four seasons. Now you have to check the 

calendar to know whether it is spring or summer. I am not complaining; I am not troubled 

by any “heat stress”… 

I am stressed out about an article in the local newspaper that reported that my town is 

designated for the storage of CO2. I know that CO2 comes from cars and chimneys, but I 

had never heard that you could also store it. Somewhat disconcerted, I started googling. I 

read on the website of the National Government that they are stimulating CO2 storage. 

“CO2 is changing the climate and contributing to global warming”. Maybe that’s true, but 

my feelings tell me this is not a good idea. Why not think of a solution that is permanent 

instead of leaving our children with a problem for the future? Who knows whether you 

can store this dangerous stuff safely? What if large amounts are released suddenly, by an 

earthquake or something? 

While reading this article in the garden, my oldest son is setting up a tent. Enthusiastically, 

he hammers a tent peg into the ground. Suddenly I get scared and wonder how deep you 

would have to strike… 

CO2-storage: no time to lose! (easy arguments, pro) 

Source: CO2opslag.nl 

The “global warming” monster has still not been tamed. Moreover, the amount of 

pollutants in the air has risen again last year. Sea levels are rising and the atmosphere 

stays polluted. We drive an electric car, use energy saving light bulbs and turn down the 

heating at our homes. This is still not enough. Even renewable energy will not offer the 

solution in the short term. Therefore, it is time we start taking action! 

Storage of CO2 is the only solution to make quick progress. It is relatively simple to store 

CO2 in our empty gas fields. Those fields have proven to be a safe place for storage for 

millions of years. There is no time to lose. Demonstration projects have already proven 

that storing CO2 is possible. The government needs to act now. After all, it is safer to have 

CO2 underground instead of in the air.  
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CO2-storage: bury your head in the sand! (easy arguments, con) 

Source: CO2opslag.nl 

A better environment starts with you. You probably know about that campaign, but do 

you do anything about it? All right, maybe you drive an electric car, use energy saving light 

bulbs and turn down the heating system at home. Well done, but that’s not enough! The 

air is brimming with greenhouse gases and our climate is changing dramatically. 

Luckily, the government has found the egg of Columbus. We will not release CO2 into the 

air, but put the stuff underground. Just put a lid on it and done is done. We will not dump 

the garbage into the air, but underground. 

How stupid can you be? We will not solve any problem this way, but will just delay it. 

Furthermore, another environmental issue is coming. When CO2 gets into contact with 

our ground water, the disaster will be huge. Crops will grow poorly due to acidified 

ground water and maybe we can only drink from bottles anymore. “Safe”, the government 

says. 

To our national government: have some guts and take drastic measures that really help! 

Raise taxes on CO2-emitters and stimulate renewable energy. Solve the problem, instead 

of leaving our kids with this CO2 misery. 

Government awaits difficult decision about the storage of CO2 (hard 
arguments, mixed) 

From our reporter 

In the fall, the government has as difficult decision to make. They need to decide on the 

storage of CO2. Despite diverse measures and agreements of international governments, 

the amount of CO2 in the air is rising. Reducing CO2 emissions is a slow process. The 

national government is considering storing CO2 underground. 

It is impossible to reduce emissions in the short term. It will likely take 40 years before 

we can produce enough renewable energy to fulfil our needs. Until then, storing CO2 may 

be a solution. It is expected that storage combined with renewable energy and energy 

savings will reduce the likelihood of climate change. 
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Frans Broekman, professor in geosciences: “Our empty gas fields are suitable for storage. 

Natural gas has been stored there for millions of years. When the fields are filled up, it 

may reduce land subsidence in the North of the Netherlands”. 

Erik van Dijnsen of Environmental Defense: “When the stored CO2 comes into contact with 

water somehow, the water will acidify. That affects the environment. Good research needs 

to be done to find out whether our gas fields are suitable for storage”. 

The national government will discuss CO2-storage with proponents and opponents this 

fall and will make a decision about starting a few research projects before the end of the 

year. 

Dumping waste: why would you? (injunctive norm, pro) 

Source: CO2opslag.nl 

“Bombs away”, the chamber pot is emptied on the street. A few hundred years ago that 

was entirely normal. Until city council intervened and constructed sewers to make the 

city cleaner and more livable. Later on, the dumping of waste from factories in rivers and 

seas was tackled. International agreements were made to give life in the rivers and seas a 

chance. Factories processed their waste properly. 

Now we consider it to be normal to dump greenhouse gases into the atmosphere. That is 

bad for the climate: the earth is heating up, with severe consequences. Together, let’s 

make sure dumping waste into the air will become just as unacceptable as throwing feces 

on the street or dumping waste in water.  

There is an alternative: storing carbon dioxide (CO2) deep underground, far away from 

the air that we breathe. The technology is ready. It’s time to halt climate change. Nobody 

talks about acid rain or dying trees anymore. We tackled that problem successfully by 

removing nitrous oxides from emissions. Now the time has come for greenhouse gases. 

We will not leave this mess for our children and grandchildren, will we? 
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No half measures: choose renewable energy (injunctive norm, con) 

Source: CO2opslag.nl 

From smoky huts with peat fires via coal stoves to central heating and cooling systems. 

We have come far. Our energy is becoming cleaner and we are using it more economically. 

Modern gas-fired power plants make electricity efficiently and we use solar and wind 

energy to supplement fossil fuels. Our future lies in using sustainable, renewable energy, 

not in fossil fuels, such as oil, coal and natural gas. 

Or perhaps not? The established industries are lobbying for CO2-storage. If they capture 

CO2 (carbon dioxide) from chimneys and store it deep underground, they can keep making 

money with their old fashioned technology. This perpetuates the fossil age, and postpones 

the transition toward renewable sources of energy. This is not a good development. 

There is no alternative to sustainable, renewable energy. We have to focus on that and 

stop wasting time on half measures, such as CO2-storage. 

Using CO2 to extract more oil: good for the treasure chest (EOR, pro) 

Source: CO2opslag.nl 

The gains of oil production from fields under the North Sea have been decreasing for 

years. A good way to produce more oil is to use carbon dioxide (CO2). The CO2 is injected 

into the ground, loosening the oil from the rock and dissolving it. This allows more oil to 

be extracted from the field. This is a form of CO2-storage with financial benefits. 

This technology has been used abroad for dozens of years. It produces extra oil, and extra 

income for the state treasury. In these economically difficult times, any extra income for 

the government is welcome. 

Another benefit is that CO2 is put to good use, instead of releasing it from chimneys into 

the air. Some of the CO2 will used again and again for injection, but another part is stored 

deep underground and will not contribute to climate change. 
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Using CO2 to extract more oil: shutting the stable door after the horse 
has bolted (EOR, con) 

Source: CO2opslag.nl 

The gains of oil production from fields under the North Sea have been decreasing for 

years. A good way to produce more oil is to use carbon dioxide (CO2). The CO2 is injected 

into the ground, loosening the oil from the rock and dissolving it. This allows more oil to 

be extracted from the field. This is a form of CO2-storage with financial benefits. 

It is questionable whether this is a good idea. The climate is changing, with severe 

consequences. It is caused by the CO2 that is released by the burning of fossil fuels, such 

as oil. Therefore, we should not extract more oil, but less. Even though some of the CO2 

will remain underground, CO2 emissions will still increase because more oil is extracted 

and used. 

It is also not the case that this technology is needed to enable the storage of CO2 in empty 

gas fields. Abroad, this technology has been used for dozens of years to extract more oil, 

but has not led to dedicated storage of CO2.  

Pro reference message 

Source: CO2opslag.nl 

Climate change has severe consequences, such as rising sea levels and floods. To combat 

climate change, the emissions of CO2 need to be reduced. CO2-storage is one of the ways 

of reducing CO2 emissions. 

With this technology, CO2 is separated from other emissions of, for example, a power 

plant. The gas is then stored for a long time at a depth of 2 kilometers in an empty gas 

field.  

CO2-storage in empty gas fields is safe. Natural gas was stored there for millions of years. 

Furthermore, a waste product such as CO2 should be disposed of properly. Research also 

shows that 62% of Dutch citizens is positive about CO2-storage. 
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For this reason, we support the use of CO2-storage in the Netherlands. In the end, citizens 

that live in the vicinity of the storage location will be involved in decisions about CO2-

storage. They will have a say in the conditions for storing CO2 in their municipality. 

Con reference message 

Source: CO2opslag.nl 

Climate change has severe consequences, such as rising sea levels and floods. To combat 

climate change, the emissions of CO2 need to be reduced. CO2-storage is one of the ways 

of reducing CO2 emissions. 

With this technology, CO2 is separated from other emissions of, for example, a power 

plant. The CO2 is then transported via pipeline to a location in the Netherlands. The gas is 

stored there for a long time deep underground.  

We can tackle the climate problem without CO2 storage, if we produce renewable energy 

and reduce energy use. CO2 storage is not completely safe; CO2 could come into contact 

with groundwater, if it were to leak out of an underground pipeline. The CO2 

concentration might then become so high that the groundwater acidifies. Research also 

shows that 62% of Dutch citizens is negative about CO2-storage. 

For this reason, we oppose the use of CO2-storage in the Netherlands.  
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Appendix F Model Fit Statistics 

Table F-1 

Model Fit Statistics for Latent Class Models Chapter 4 

model LL BIC(LL) Npar df class.err. R² 

1 class -6291.36 12781.13 28 1167 .00 .07 

2 class -6102.84 12602.50 56 1139 .00 .18 

3 class -5900.08 12395.38 84 1111 .00 .23 

4 class -5826.03 12445.68 112 1083 .00 .32 

5 class -5697.43 12386.88 140 1055 .00 .33 

6 class -5608.07 12406.57 168 1027 .00 .41 

2 scaleclass 1 class -6244.39 12701.35 30 1165 .21 .15 

2 scaleclass 2 class -6053.71 12518.40 58 1137 .25 .22 

2 scaleclass 3 class -5885.51 12380.40 86 1109 .04 .35 

2 scaleclass 4 class -5762.60 12333.00 114 1081 .05 .41 

2 scaleclass 5 class -5648.51 12303.22 142 1053 .05 .45 

2 scaleclass 6 class -5593.91 12392.42 170 1025 .14 .49 

knownclass -7470.48 15536.18 84 1111 .00 .07 

knownclass (2 scale classes) -7416.57 15442.53 86 1109 .20 .17 
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Summary 

Like many other emerging technologies, Carbon Capture and Storage (CCS) has uncertain 

impacts, unfamiliar risks and ambiguous societal roles. These risks and uncertainties can 

spark controversy and public negativity. Consequently, its desirability may become 

contested  and public support  may falter. The public should be engaged in CCS 

development to unearth budding areas of conflict, steer development in societally 

beneficial directions and foster trust in institutions.  

In engaging citizens, communicators face the communicator’s dilemma: communicators 

that include too few message components may omit crucial information, while 

communicators that include too many components may dilute their message’s 

persuasiveness. To solve this dilemma, we posed the following research question: What 

message components influence the effectiveness of messages that support or oppose CCS for 

different groups of citizens? 

To answer the research question, we carried out four empirical studies, tackling four 

literature gaps: the limited understanding of the effects of (a) arguments in the CCS 

discourse, (b) moral considerations, (c) the relative importance of message components, 

and (d) heterogeneity among citizens.  

Our results show that knowledge deficit strategies to communication are suboptimal. 

Many stakeholders believe that injecting citizens with accurate knowledge will induce 

positive opinions about CCS. However, such strategies are unlikely to engage citizens, risk 

alienating key audiences and neglect the trade-offs policy makers need to make between 

values, risks, costs and benefits. Our results show that communicators should instead 

appeal to norms, such as properly disposing of CO2 waste, focus on the consequences of 

developing CCS, and discuss how citizens will be involved in decision making.  

Carbon Capture and Storage (CCS) can contribute substantially to climate change 

mitigation. Yet, citizens find pro CCS arguments about this contribution relatively 

unpersuasive and unimportant. Furthermore, citizens find arguments that dispute this 

contribution relatively persuasive and important, especially those arguments that appeal 

to the norm that prevention is better than a cure. Citizens react more positively to the 
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message when communicators discuss the consequences of climate change and explicitly 

mention that CCS is part of a portfolio of mitigation options.  

To engage citizens, communicators should discuss additional benefits of CCS 

development, such as economic benefits, address the uncertainties surrounding CCS and 

provide explicit reasoning for why CCS can provide these benefits. Given the diversity of 

citizens, communicators should craft distinct storylines, focusing, for example, on safety 

and uncertainties or the role of CCS in the energy mix. 

Although communication to the public is a vital component of public engagement, our 

results show that communication has limited effects, dissipates over time and often has 

unintended consequences, such as the boomerang effect. To foster public support, 

stakeholders need to engage citizens intensively and give them a voice and a vote in 

decision making for technological development.  
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Samenvatting 

CO2 afvang en opslag – ook wel Carbon Capture and Storage (CCS) genoemd – heeft 

onzekere gevolgen en onbekende risico’s en de maatschappelijke rol van CCS is ambigue, 

net als veel andere, opkomende technologieen. Deze risico’s en onzekerheden kunnen 

controversie en negatieve aandacht opwekken. Dit maakt CCS minder aantrekkelijk en 

werkt negatief uit op het draagvlak. Burgers moeten betrokken worden bij de 

ontwikkeling van CCS om sluipende conflicten zichtbaar te maken, om de ontwikkeling in 

maatschappelijk waardevolle richtingen te sturen en om vertrouwen in instituties te 

stimuleren. 

Bij het betrekken van burgers lopen stakeholders tegen het communicatiedilemma aan: 

in een boodschap met te weinig componenten kan cruciale informatie ontbreken, maar in 

een boodschap met te veel componenten kan de overtuigendheid van de boodschap 

verdund worden. Om dit dilemma op te lossen stellen wij de volgende onderzoeksvraag: 

Welke boodschapscomponenten beinvloeden de effectiviteit van boodschappen voor of tegen 

CCS voor verschillende groepen burgers? 

In de huidige literatuur ontbrak inzicht in de effecten van (a) argumenten uit het CCS 

debat (b) morele overwegingen (c) het relatieve belang van boodschapscomponenten en 

in (d) verschillen in deze effecten tussen burgers. Om deze gaten in de literatuur te dichten 

zijn vier empirische studies uitgevoerd. 

Onze resultaten laten zien dat een communicatiestrategie gericht op het vullen van 

kennisgaten suboptimaal is. Veel stakeholders geloven dat het injecteren van burgers met 

accurate kennis tot positievere meningen over CCS leidt. Deze strategie leidt echter niet 

tot betrokken burgers en stoot mogelijk zelfs bepaalde doelgroepen af. Daarnaast negeert 

deze strategie de afwegingen die beleidsmakers moeten maken tussen waarden, risico’s, 

kosten en baten. Daarentegen zouden stakeholders zich moeten richten op aansprekende 

normen, zoals het netjes opruimen van afval, op consequenties van de ontwikkeling van 

CCS en op manieren om burgers te betrekken bij besluitvorming. 

CCS kan bijdragen aan de vermindering van klimaatverandering. Burgers vinden 

voorargumenten gericht op deze bijdrage echter relatief onovertuigend en onbelangrijk. 

Daarnaast vinden burgers tegenargumenten die deze bijdrage in twijfel trekken relatief 
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overtuigend en belangrijk; vooral wanneer deze argumenten ingaan op de norm dat 

preventie beter is dan genezen. De reactie van burgers op de boodschap is positiever als 

stakeholders de consequenties van klimaatverandering bespreken en vermelden dat CCS 

slechts één van de gebruikte oplossingen zal zijn.  

Om burgers beter te betrekken kunnen stakeholders de additionele voordelen van CCS 

bespreken, zoals economische ontwikkeling, de onzekerheden rondom CCS adresseren, 

en expliciete redeneringen gebruiken om deze voordelen uit te leggen. De diversiteit van 

burgers vraagt verder om een gesegmenteerde aanpak gericht op verschillende 

verhaallijnen, zoals onzekerheid en veiligheid of de rol van CCS in de energiemix. 

Tenslotte laten we zien dat communicatie beperkte effecten heeft die wegebben over tijd 

en dat er vaak onbedoelde bij-effecten zijn, zoals het boemerang effect. Om daadwerkelijk 

draagvlak te verwerven voor de ontwikkeling van CCS zullen stakeholders burgers 

intensiever moeten betrekken bij het proces en een stem moeten geven in de 

besluitvorming rondom technologieontwikkeling. 
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