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Executive Summary 

In Germany, the public is exposed to pro and counter arguments regarding different 

electricity generation technologies. To assess the attitudinal consequences of these 

arguments, we presented a balanced set of seven pro and seven counter arguments 

concerning one of six electricity-generating technologies (i.e., coal power stations, gas 

power stations, onshore wind power stations, offshore wind power stations, open space 

photovoltaics, or biomass power plants) to respondents with heterogeneous socio-

demographic characteristics. We asked them to rate the strength of each argument and 

report their perceived familiarity with each argument. Based on the respondents’ 

answers, we examined the tendencies that underlie the process of evaluating arguments 

using different theoretical approaches. We found that persuasiveness ratings are driven 

by arguments’ compatibility with respondents’ initial attitudes, arguments’ quality (i.e., 

strong, moderate, or weak), and respondents’ perceived familiarity with the arguments. 

Furthermore, we determined the extent to which respondents’ initial attitudes towards 

an electricity-generating technology, measured immediately before evaluation of 14 

conflicting arguments, changed after exposure to the arguments. Unlike former studies 

on attitude polarization, we examined conditional probabilities instead of the absolute 

level of global attitude change or the marginal probabilities of attitude change and 

persistence. This allowed for more nuanced (re)examination of the issue and showed, 

among other results, that attitude polarization is the exception rather than the rule.   
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1 Introduction 

The German energy transition, known as the “Energiewende” [cf. 1] mainly includes a reduction 

in energy demand by using energy more efficiently, a nuclear power phase-out, and a 

decarbonization of the energy supply by switching from fossil to renewable sources [2]. In this 

respect, the Energiewende represents a fundamental “shift in the nature or pattern of how 

energy is utilized within a system” [3] and requires public to accept far-reaching changes in how 

electricity and heat are produced within the energy system, as well as changes in their own 

behavior patterns in terms of energy consumption. As elite actors and especially political parties 

play a crucial role in influencing public attitude, stakeholders may promote or even impede the 

transition of the energy system to renewable energy [4].  

In the case of electricity production, which is the focus of this study, different stakeholders inject 

themselves into the societal debate on the benefits and risks of the energy transition by 

simultaneously running information campaigns with opposing positions on the different 

electricity-generating technologies that are needed for a successful implementation of the 

Energiewende. While some stakeholders aim to persuade the public of the benefits of particular 

technologies, others give reasons against them.2 Thus, the public is perpetually exposed to a set 

of partly repeating messages that present opposing arguments on electricity-generating 

technologies [also referred to as conflicting arguments, cf. also 8].3 The exposure of the public to 

these conflicting arguments, and the possible repetition of this exposure, raise questions about 

the public’s evaluation of such arguments as well as the consequences of (repeated) exposure 

                                                           
2
 Stakeholder communication may not only aim to persuade the public by using pro and/or counter 

arguments that support the stakeholder’s advocated position; it may also aim to create public awareness 
and deepen the public’s understanding of complex issues, for instance the capture and storage of carbon 
dioxide, and thus enable (lay) persons to form an informed attitude towards an issue [cf. 5, 6, 7]. 
3 In line with Kobayashi [8], we understand the term “argument” as a claim that is justified by one or more 

reasons. Liu et al. [9] take a similar perspective when referring to the conclusion (i.e., the argument’s 
advocated position) and the premise (i.e., a reason that supports the advocated position) of an argument. 
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for public attitudes on these technologies. While answering these questions is particularly 

relevant for the field of public acceptance research [e.g., 10, 11-13], this task is all the more 

difficult given the complex interplay of factors that affect whether messages succeed in 

persuading the information campaigns’ target audience (i.e., the message recipients) of the 

sender’s advocated position in the absence of empirical evidence.   

DIFFERENT ROUTES TO ATTITUDE CHANGE 

The complex interplay of factors relevant for the persuasiveness of messages is effectively 

described by the Elaboration Likelihood Model (ELM) [cf. 14]. The ELM considers factors that are 

internal to the recipient – such as his or her motivation (e.g., personal involvement4, need for 

cognition) and ability to elaborate on a message in the absence of distractions – as well as 

factors that are external to the recipient, such as argument quality (e.g., strong vs. weak) and 

the source of the message (e.g., political party, electric utility, non-governmental organization). 

The key statement of the ELM is that attitude change can occur on two different routes, known 

as central and peripheral, that mark the endpoints of a continuum. If the recipient is motivated 

and able to process the argument(s) of a message, a potential attitude change (i.e., persuasion) 

occurs on the central route, where the recipient scrutinizes a message’s content (e.g., its 

argument(s)). If the recipient is unmotivated and/or unable to process the message, he or she 

takes cognitive shortcuts along the peripheral route, where peripheral cues about the source 

(e.g., source credibility, source expertise) and the message (e.g., number of arguments used) 

become more important determinants of persuasion than the message’s argument(s). Attitude 

change induced along the central route is more durable than that induced along the peripheral 

route. 

However, even if recipients take the central route of message processing, they may process an 

incoming message’s argument(s) in either an objective or a biased manner. Objective processors 

                                                           
4
 Personal involvement refers to “the extent to which the attitudinal issue under consideration is of 

personal importance” [15].  
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are characterized by their motivation “to discover the ‘true validity’ of the message, and thus 

strong arguments induce more persuasion and weak arguments induce less persuasion with 

more processing”. In contrast, biased processors are particularly motivated to produce 

defensive responses to messages that challenge their initial attitudes towards an attitude object 

(e.g., an electricity technology) and to develop favorable thoughts on attitude-consistent 

messages, with the result that such messages are accepted rather than critically scrutinized [8, 

14, 16]. This tendency is labeled differently in the literature – for example as biased processing 

[e.g., 14, 17], biased assimilation [e.g., 8, 18], defensive processing [e.g., 19], refutational 

processing [9] or attitude congruence bias [16]. In this respect, prior attitude-relevant 

knowledge, which itself tends to be biased in congruence with people’s initial attitudes [14], can 

be expected to increase recipients’ ability to counterargue counter-attitudinal messages and to 

affirm attitude consistent messages if recipients are motivated to defend their initial attitudes 

[20-23].  

ARGUMENT EVALUATION – EVALUATING TENDENCIESIn the context of argument evaluation, 

which is one specific focus of this study, biased processing manifests in inflating the quality of 

arguments that conform to a person’s initial attitude and deflating the quality of arguments that 

do not conform. Empirical evidence [e.g., 8, 16-18, 22, 23-26] suggests that biased processing of 

arguments in accordance with initial attitudes is a robust cognitive mechanism that occurs 

across different topics and samples when people are exposed to a set of arguments with 

opposing claims relating to an attitude object.5 However, when individuals evaluate arguments, 

                                                           
5
 However, Cohen et al. [27] showed that self-affirmation attenuates biased processing of counter-

attitudinal evidence in situations where biased processing is rooted in defense motivation [28-30], that is 
in “a person’s desire to reach a preferred conclusion that is congruent with perceived material interests or 
existing self-definitional attitudes” [28]. The implication of this finding is that biased processing is not 
triggered automatically whenever individuals are exposed to counter-attitudinal claims or evidence in 
situations where biased processing allows the person to maintain his or her valued self-image [27]. 
Instead, individuals have the flexibility to react to a particular self-threat (i.e., the counter-attitudinal 
claim or evidence) by affirming “other equally valued domains of self-worth” [27] in order to maintain 
their global level of self-worth. 
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the evaluating tendency is not only driven by the motivation to defend initial attitudes and is 

thus not solely a matter of argument compatibility. 

The congruence model of argument evaluation [9, 28] states that argument evaluation is 

simultaneously affected by two evaluating tendencies: a compatibility tendency and a quality 

tendency. Arguments compatible with prior attitudes tend to cause a positive evaluating 

tendency, while incompatible arguments tend to cause a negative evaluating tendency. In a 

similar vein, strong or high-quality arguments promote a positive evaluating tendency, while 

weak or low-quality arguments evoke a negative evaluating tendency. When both evaluating 

tendencies are congruent in valence (which is the case for arguments that are both compatible 

and strong, or incompatible and weak), both tendencies complement each other, such that 

recipients – assumed to be cognitively economical – tend to evaluate arguments as more 

extreme in strength without any extra processing being required for the argument. However, 

when both evaluating tendencies are incongruent in valence (which is the case for arguments 

that are incompatible but strong, or compatible but weak), an intrapsychic conflict emerges 

which drives recipients to extensively process the argument and reconcile the two opposing 

tendencies to reach a moderate conclusion. As a consequence, recipients will evaluate 

incompatible-strong arguments and compatible-weak arguments as more moderate compared 

to compatible arguments. Liu et al. [9, cf. also 28] find evidence for both the latter postulate and 

their suggested processing modes by showing that compatible arguments were evaluated faster 

than incompatible arguments. 

Moons et al. [31] take another perspective on argument evaluation by addressing the relevance 

of argument familiarity.6 The evaluation model of these authors partially builds on the illusion of 

truth effect (IOT) [36], according to which “statements repeated even once are rated as truer or 

more valid than statements heard for the first time” [31]. Importantly, in order for the IOT to 

                                                           
6
 Argument familiarity has usually been induced in experimental studies by means of repetitive exposure 

to arguments [e.g., 32, 33-35]. 
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occur, it has been shown that raters only need to have a perceived feeling of familiarity with a 

statement, and not necessarily familiarity induced by actual repetition of a statement.   

Moons et al. [31] transferred the basic idea of the IOT to the evaluation of arguments. These 

authors find evidence for their hypothesis that recipients’ agreement with arguments depends 

on two processes of which one occurs automatically (i.e., familiarity process) while the other 

only occurs, if recipients are motivated and capable of scrutinizing message content (i.e., 

controlled processing). According to the authors, familiarity with arguments generates a positive 

feeling of processing fluency that evaluators (mistakenly) attribute to either the validity of the 

familiar argument or their liking for it. Hence, the familiarity process automatically produces a 

higher acceptance of familiar arguments, irrespective of argument quality. The more that 

recipients scrutinize the message content, the greater a role that argument quality plays in the 

overall acceptance of an argument. Weak arguments produce a negative-signal-inhibiting 

agreement with the argument, while strong arguments produce a positive-signal-increasing 

agreement with the argument. Hence, the more that recipients engage in controlled processing, 

the more that any (automatic) positive familiarity effect is attenuated by the negative effect of 

the controlled process in the case of weak arguments, and assisted by the positive effect of the 

controlled process in the case of strong arguments, respectively. Empirical evidence for 

familiarity effects in the field of energy research has been examined by [37] in a discrete choice 

experiment concerning arguments on Carbon Dioxide Capture and Storage (CCS), a technology 

that has not yet been implemented on a large scale. In that study, arguments that respondents 

perceived as being important in the CCS discussion were more likely to be persuasive when they 

were familiar to the public. 

CONSEQUENCES OF THE PROCESSING OF CONFLICTING ARGUMENTS 

Some studies have shown that recipients polarize their beliefs and attitudes when exposed to 

mixed evidence [e.g., 26] or to a balanced set of conflicting arguments on an issue [e.g., 16]. 

Attitude polarization refers to a situation where recipients’ initial attitudes become more 
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extreme after exposure to such evidence or arguments. The implication of this phenomenon on 

the societal level is that the gap between contrasting attitudes in a society widens, despite the 

fact that society members have been exposed to the same set of conflicting arguments. Put  

from a dynamical perspective: if attitude polarization is a “necessary” consequence of biased 

processing – which itself is rooted in the motivation to defend the initial attitude – a vicious 

circle will result. The more extreme attitudes become due to attitude polarization, the more 

motivated recipients will be for biased processing and, thus, the more polarizing the exposure to 

another set of (new) conflicting arguments will be [cf. also 23, 24]. 

Empirical evidence on attitude polarization is mixed. While some studies find empirical evidence 

for attitude polarization as a consequence of exposure to conflicting arguments [e.g., 16, 18, 23, 

26, 38], other studies report no evidence [e.g., 17, 18, 24].7 Unfortunately, these studies apply 

different strategies to investigate attitude polarization. Some apply measures that determine 

reported attitude change8 [e.g., 26], while others focus on actual attitude change (i.e., difference 

in attitude measured before and after the exposure to arguments). Moreover, initial and 

posterior attitudes are either measured using a single attitude item scale [e.g., 24] or an index of 

multiple attitude items [e.g., 16, 17, 23]. McHoskey [38], Kuhn and Lao [39], and Corner et al. 

[18] even apply measures that determine both reported and actual attitude change in their 

studies, though, they come to different results. While McHoskey [38] and Kuhn and Lao [39] find 

evidence for attitude polarization on the basis of both measures, Corner et al. [18] find evidence 

for attitude polarization on the basis of reported attitude change only. Hence, despite the fact 

                                                           
7
 Druckman and Bolsen [24] measured attitude change among a subsample of their experimental 

participants. The majority of participants only took part in the main study in which they reported initial 
attitudes towards two issues before being exposed to different information on those issues. Only 206 (out 
of 621) persons also participated in the follow-up study, in which posterior attitudes were measured. 
Hence, self-selection processes might also explain the lack of attitude polarization in this study. 
8
 With measures of reported attitude change, participants are asked after exposure to arguments to 

report whether or not their attitude had changed since the beginning of the study. For instance, 
McHoskey [38] applied the following self-report measure: “How would you compare your current attitude 
toward the assassination of JFK with the attitude you had at the very start of this experiment?” 
Participants could indicate their answer on a 17-point scale which ranged from “much more in favor of 
theory that Oswald killed JFK alone” (-8) to “much more in favor of theory that a conspiracy killed JFK” ( 
+8) with a midpoint referring to no change in attitude (=0). 



9 
 

that biased processing has been shown to be a relatively robust cognitive mechanism, empirical 

evidence on its consequences for attitude change is ambiguous. It seems that studies applying 

self-reported attitude change measures are more likely to report attitude polarization than 

studies measuring attitude polarization on the basis of actual attitude change.9 The lack of 

robust evidence among the studies focusing on actual attitude change might be explained by the 

fact that they assess attitude polarization on a global level in absolute terms of the 

(standardized) attitude scale [e.g., 16, 18, 23, 24]. While this operationalization is suited to 

investigate whether the attitudinal gap between supporters and opponents of different 

technologies has increased or decreased at a global level, it is not sensitive enough to identify 

processes of attitude polarization at the individual level. If both attitude polarization and 

attitude moderation occur simultaneously among different respondents in a study, the opposite 

partial effects cancel each other out [cf. also 24].10 Investigating attitude polarization in terms of 

probabilities to observe state changes (e.g., a change from a less extreme attitudinal position to 

a more extreme attitudinal position) is better suited to examine attitude polarization processes 

at the individual level. In this context, Kuhn and Lao [39] analyzed marginal probabilities of 

attitude polarization, centration (i.e., movement toward the neutral point of the attitude scale) 

and side change (i.e., movement from a positive to a negative position, or vice versa) on the 

basis of a small student sample and found that only a small percentage of their participants 

polarized in attitudes.11  

                                                           
9 It is important to note that perhaps the most cited study on attitude polarization, by Lord et al. [26], 

initially intended to assess attitude polarization in terms of actual attitude change on the basis of identical 
attitude scales. However, as this proved impossible due to participants’ very extreme initial attitudes 
towards the issue, these authors applied a combination of two self-report measures as well as enlarged 
versions of the initial attitude scale [cf. 26, FN1]. 
10

 For instance, Taber et al. [16] used a change measure that increases with movement towards each of 
the extreme poles of the attitude scale, while it decreases when attitudes become more moderate. Taber 
and Lodge [23] regressed posterior attitude extremity on initial attitude extremity and defined an effect 
size of 1 as cut-off value for either polarization or moderation.  
11

 McHoskey [38] analyzed a binary index as an indicator of attitude polarization. According to this 
indicator,  “responses reflecting a more extreme attitude in the direction of the subject's initial position 
were scored as 1, and all other responses were scored as zero” [38]. Due to the operationalization of the 
binary index, attitude changes towards the midpoint of the attitude scale could not be  examined in this 
study.  
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CONTRIBUTION  

Liu et al. [9], Liu [28], and Moons et al. [31] made a major contribution to our understanding of 

the argument evaluation process by theorizing and empirically examining different evaluation 

tendencies (compatibility, quality, and familiarity) and their moderating factors in randomized 

laboratory experiments. In this study, we will assess the relative importance of these three 

evaluation tendencies by examining them within a single study and measuring, rather than 

experimentally manipulating, the relevant attributes among recipients that are expected to 

moderate the evaluation tendencies, such as personal involvement and perceived familiarity 

rather than repetition-induced familiarity. In this way, we aim to contribute to a better 

understanding by investigating the mechanisms that have been determined in randomized 

experiments and establishing which of these are practically relevant under the “realistic 

conditions” of the field.12 In this respect, we are particularly interested in examining the effects 

that both attitude extremity and prior attitude-relevant knowledge have on biased processing.13 

The examination of attitude extremity is important, as people can form attitudes on attitude 

objects spontaneously [cf. e.g., 42], and these attitudes, even if spontaneously formed, become 

relevant for the way in which recipients process (new) information about a particular attitude 

object. Finally, our study seeks to provide insights into the dynamics of attitudes towards 

electricity-generating technologies by examining attitude change in this field. For this 

examination, we will focus on the conditional rather than on the marginal probabilities of 

changing or not changing an attitudinal position. This procedure allows us to assess attitude 

change separately for respondents with initial negative, neutral, and positive attitudes and thus 

to obtain a nuanced picture of this issue.  

                                                           
12

 This is not to be misunderstood as a general critique of randomized experiments. They are particularly 
useful for carving out causal mechanisms between explaining factors and target variables [cf. e.g., 40]. 
However, the explaining factor is randomly manipulated by a researcher and, hence, the examined effect 
sizes depend, among other things, on the chosen manipulation procedure. Reassessing a causal 
mechanism in non-experimental settings makes it possible to assess whether or not the mechanism is 
practically relevant given the associations between attributes that have been measured among 
individuals, without questioning the mechanism itself. 
13

 Attitude extremity refers to “the extent to which an individual’s attitude deviates from the midpoint of 
the favorable-unfavorable dimension” of an attitude [41]. 
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To achieve these objectives, we conducted an online survey (described in detail in Section 2) 

among respondents from a sample that was much more heterogeneous than most of the above-

mentioned studies with regard to the distribution of socio-demographic characteristics.14 After 

measuring respondents’ initial attitudes towards six different electricity-generating 

technologies, we randomly assigned participants to one of the six technologies (hereinafter 

referred to as the focused technology) and exposed them to fourteen conflicting one-sided 

arguments concerning that focused technology. We subsequently measured respondents’ 

posterior attitudes towards their focused technology as well as towards the other five 

technologies.15 We did not differentiate between weak and strong arguments only, but also 

included arguments of moderate quality in our study; the quality of each argument was rated 

via an expert assessment which was conducted prior to the online survey. Furthermore, we 

examined the evaluations and reactions of participants with neutral initial focused attitudes. 

This is important not only because there may be a substantial proportion of persons with a 

neutral attitude towards an attitude object in a societal context but also because people with a 

neutral initial attitude can be expected to be objective evaluators due to their lack of a negative 

or positive attitude. Including these individuals in a study on conflicting arguments allows us to 

review the postulates of the congruence model more critically and investigate specific response 

patterns.  

HYPOTHESES 

Along with the congruence model of argument evaluation Liu et al. [9], which suggests that 

argument evaluation is affected by two simultaneous evaluating tendencies (compatibility and 

quality), we will examine the following three main-effect hypotheses:  

                                                           
14

 Kobayashi [8] and Druckman and Bolsen [24] are the only studies that examine biased assimilation on 
the basis of a sample consisting not only of students. However, attitude polarization is not examined in 
the Kobayashi ‘s study [8]. 
15

 In the following, respondents’ attitudes towards the focused technology will be referred to as focused 
attitude. 
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H1: Strong (compatible or incompatible) arguments will be evaluated as more persuasive than 

moderate (compatible or incompatible) arguments, and moderate (compatible or incompatible) 

arguments will be evaluated as more persuasive than weak (compatible or incompatible) 

arguments (quality hypothesis).  

H2: Compatible arguments will be evaluated as more persuasive than incompatible arguments 

of equal quality (compatibility hypothesis). 

Regarding recipients whose initial focused attitude was neutral, the question of argument 

compatibility is irrelevant, meaning that these recipients base their evaluation exclusively on the 

quality tendency. If only one tendency applies to these recipients, their argument evaluations 

should lie in between the evaluations of recipients with incompatible and compatible initial 

attitudes. With this in mind, we will examine the following hypothesis allowing a critical 

reexamination of the congruence model’s statements: 

H3: Recipients with a neutral initial focused attitude will evaluate arguments of equal quality as 

stronger than recipients with an incompatible attitudinal position and as weaker than recipients 

with a compatible attitudinal position (neutral-attitude hypothesis).  

The theoretical considerations of Moons et al. [31] regarding the automatic effect of argument 

familiarity, and their postulation of a moderation of this effect by controlled processing, justifies 

the following main-effect and two-way-interaction hypotheses: 

H4: Recipients who have a feeling of familiarity with arguments will evaluate those arguments as 

more persuasive than recipients who perceive the arguments to be unfamiliar (familiarity 

hypothesis). 

H5: The more motivated recipients are for controlled processing of arguments, the lower the 

familiarity effect will be (attenuating-familiarity hypothesis).  
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As recipients with a non-neutral attitude are motivated for biased processing, we expect biased 

processing to increase with attitude extremity, and will examine the following two-way-

interaction hypothesis among recipients with a non-neutral initial focused attitude: 

H6: The more extreme the attitude of recipients who are motivated for biased processing, the 

greater the compatibility tendency for both incompatible and compatible arguments will be 

(extremity-compatibility hypothesis). 

Furthermore, as attitude-relevant knowledge has been shown to increase recipients’ ability to 

affirm pro-attitudinal arguments and to counterargue counter-attitudinal arguments, we expect 

the following hypothesis among recipients with a non-neutral initial focused attitude: 

H7: The more attitude-relevant knowledge recipients who are motivated for biased processing 

have, the less (or more) persuasive they will be to evaluate incompatible (or compatible) 

arguments (knowledge hypothesis). 

In the context of the robust findings on biased processing, we will examine the following 

hypothesis: 

H8: We expect the attitudinal position of recipients with positive and negative initial focused 

attitudes, respectively, to become more extreme after exposure to conflicting arguments on a 

focused technology (attitude-polarization hypothesis).  

2 Material and Methods 

2.1 Arguments 

We developed 84 conflicting one-sided arguments concerning six electricity-generating 

technologies important for the Energiewende in Germany, namely coal power stations, gas 

power stations, onshore wind power stations, offshore wind power stations, open-space 
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photovoltaics, and biomass power plants.16 The arguments were developed in a multi-stage 

process (cf. Figure 1) by an interdisciplinary working group at the Institute of Energy and Climate 

Research – Systems Analysis and Technology Evaluation (IEK-STE) at Forschungszentrum Jülich.
17 

Arguments consisted of a clearly advocated position on an electricity-generating technology, 

followed by a reason supporting the advocated position. For instance, the wording of one 

argument in favor of coal power stations was as follows: “The advantages of coal power stations 

include the fact that they can supply consumers with electricity around the clock and are 

independent of the weather.”18,19  With the exception of two arguments that consisted of two 

sentences, all other arguments consisted of a single sentence.20 

The multi-stage process was organized as follows: first, each working group member was asked 

in his or her capacity as an expert to brainstorm on an individual basis in order to propose pro 

and counter arguments for each of the technologies from a technical, ecological, economic, 

social, and/or political perspective. In doing so, they were instructed to only provide arguments 

that had been used or might be used by stakeholders to make a case for or against a respective 

technology.21 All arguments submitted were in the form of bullet points. Second, two working 

group members identified arguments that had been mentioned by more than one expert and 

removed the duplicates. This resulted in a set of unique arguments for each technology. Third, 

                                                           
16

 Due to the decision of the German Federal Government to phase out nuclear energy in Germany by 
2022, nuclear power plants were not included in our study [cf. 1]. 
17

 The working group consisted of engineers and physicists, economists, and social scientists. 
18

 The German wording of the argument was as follows: “Für Kohlekraftwerke spricht, dass sie die 
Bevölkerung rund um die Uhr und unabhängig von der Wetterlage mit Strom versorgen können.” 
19

 While the survey was carried out in German, the survey elements have been translated into English for 
the purposes of this manuscript. 
20

 One two-sentence argument consisted of an objection to biomass power plants: “The disadvantages of 
biomass power plants include the fact that the expansion of biomass production raises the price of 
agricultural land. This inhibits the expansion of organic production.” The other two-sentence argument 
was as follows: “The advantages of gas power stations include the fact that they emit less carbon dioxide 
(CO2) than coal power plants. Carbon dioxide (CO2) is thought to be responsible for climate change.” This 
argument was also adapted and applied to the following technologies: coal power stations, onshore wind 
power stations, offshore wind power stations, and open-space photovoltaics. Hence, we included a two-
sentence argument for each technology.   
21

 The restriction to propose arguments that could potentially be used by actual stakeholders was 
intended to rule out, from the beginning of the study, the possibility of exposing respondents to “fake” 
arguments in the survey. 
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the two working group members who had worked on step 2 adjusted the wording of all unique 

arguments for each technology setting to ensure that they were comprehensible for laypeople 

and could be used in a survey. Fourth, the resulting unique arguments for each technology were 

sent back to the other working group members. These were asked to provide feedback on all 

arguments, including on their wording, with regard to the accuracy of the arguments’ content as 

well as their comprehensibility. In other words, this fourth step ensured that all working group 

members had the possibility to raise objections to arguments formulated by other members. As 

a consequence, in the fifth step, arguments that were criticized by at least one working group 

member were either rephrased in the case of a minor critical remark (e.g., the wording of an 

issue) or entirely removed from the argument list in the case of a major critical remark (e.g., the 

argument is incorrect). Arguments that were not criticized were retained on the argument list 

without being modified. Sixth, we categorized the arguments with respect to the dimension(s) 

they focus on (technical, ecological, economic, social, and/or political) and assessed them from 

an expert point of view (expert rating) in terms of their persuasiveness as a weak, moderate, or 

strong argument (cf. Table 1 ,Table 2, and Table 3).22 Finally, we selected seven pro arguments 

and seven counter arguments (84 arguments in total) for each of the six technologies such that 

all dimensions and all categories of persuasiveness were represented for each technology.23,24  

Figure 1: Process of argument development 

                                                           
22

 Arguments could also be categorized into more than one dimension. For instance, some were 
categorized as socio-ecological arguments, while others were categorized as technical-economic 
arguments. 
23

 Previous studies on attitude polarization in the context of biased processing examined at most eight 
conflicting arguments (i.e., four pro arguments and four counter arguments) per attitude object (cf. Taber 
and Lodge 2006, Taber et al. 2009). 
24

 The application of stricter selection criteria – such as equal length of arguments for all six technology 
settings or an even distribution of argument quality across all settings – would certainly be relevant if the 
aim was to examine newly hypothesized evaluating tendencies (e.g., in laboratory experiments). In our 
case, given that our aim was to measure evaluating tendencies across as many arguments as possible that 
might be used by actual stakeholders (i.e., in the field), we decided to apply more moderate selection 
criteria and to account for arguments’ characteristics in our (multivariate) analyses. 
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Table 1: Distribution of argument directionality and dimension 

 Directionality  

  Pro  
arguments 

Counter  
arguments 

Total 

D
im

e
n

si
o

n
 

 

Ecological 12 9 21 

Social 5 9 14 

Economic 5 6 11 

Political 5 4 9 

Technical 1 4 5 

Economic/Social 5 1 6 

Economic/Technical 7 4 11 

Economic/Ecological n.a. 2 2 

Social/Ecological 2 3 5 

 m 42 42 84 

Note: n.a. = Does not apply.  

Table 2: Distribution of argument directionality on expert assessment 

 Directionality  

  Pro  
arguments 

Counter  
arguments 

Total 

E
x

p
e

rt
 

ra
ti

n
g

 Weak  7 11 18 

Moderate  18 15 33 

Strong  17 16 33 

 m 42 42 84 

 

 

Table 3:  Distribution of argument quality on technology settings 

 Argument quality   

  
Weak  Moderate Strong  Total 

1. Individual Brainstorming 

2. Removal of Duplicates 

3. Phrasing 

4. Feedback 

5. Modification  

6. Categorization 
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T
e

ch
n

o
lo

g
y

 

 

Coal power stations 3 4 7 14 

Gas power stations 4 6 4 14 

Wind power stations (onshore) 1 5 8 14 

Wind power stations (offshore) 4 5 5 14 

Open-space photovoltaics 3 7 4 14 

Biomass power plants 3 6 5 14 

 m 18 33 33 84 

 

2.2 Questionnaire 

The 84 arguments were integrated into an online questionnaire in which we first asked 

respondents for their attitudes towards electricity-generating technologies and then randomly 

assigned them to one of six settings. The settings differed in terms of the technology they 

focused on: Setting 1: coal power stations; Setting 2: gas power stations; Setting 3: wind power 

stations (onshore); Setting 4: wind power stations (offshore); Setting 5: open-space 

photovoltaics; Setting 6: biomass power plants (cf. Figure 2). Within each setting, we then 

exposed respondents to seven pro and seven counter arguments concerning that technology.25 

In order to prevent response-order effects [43], we randomized the order of the argument 

blocks (block of pro arguments followed by a block of counter arguments vs. a block of counter 

arguments followed by a block of pro-arguments) as well as the order of arguments within each 

block. Before each of the two argument blocks, we provided respondents with a clarification 

stating that the arguments which followed were not fictitious and might genuinely be used in 

the actual discussion about the relevant technology.26,27 For each argument, respondents were 

                                                           
25

 The presentation of arguments occurred identically in all settings. On a page of the online 
questionnaire, we exposed respondents to a single argument and two survey items measuring their 
persuasiveness rating and familiarity statement (as will be described below in more detail). 
26

 We designed the clarification to be as neutral as possible in the context of an online survey to avoid 
providing participants with motivation for biased processing due to the wording of the presented 
clarification [e.g., 44, 45, 46]. Figure 11 in the appendix depicts the first clarification presented to 
respondents who were randomly assigned to Setting 4 (offshore) and who were presented, based on a 
random decision rule, with the block of seven pro arguments prior to the block of seven counter 
arguments. Figure 12 in the appendix depicts the second clarification regarding the upcoming block of 
seven counter-arguments presented to these respondents. 
27

 Previous research on carbon dioxide capture and storage (CCS) has shown that the communication 
source (e.g., individual stakeholder vs. collaborating stakeholders) providing the factual information on 
CCS affects how individuals perceive the quality of the provided information (ter Mors et al. 2010). As we 
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asked to rate its persuasiveness  as well as their perceived familiarity with the argument. The 

following survey items were included in the online survey: 

1. Initial and Posterior Attitudes Towards Electricity Generating Technologies: Immediately 

before and after exposure to conflicting arguments, we asked our respondents in an item 

battery about their attitudes towards the focused electricity-generating technology as well 

as towards the other five electricity generating technologies that are relevant to our study. 

Respondents’ answers were registered on a bipolar nine-point scale (0: strongly against the 

technology; 4: neither against nor in favor of the technology; 8: strongly in favor of the 

technology). Respondents were also offered an exit option (cannot choose).  

2. Attitude Extremity:  Individuals’ motivation for biased processing depends on their initial 

attitude [14]. While the attitude dimension is characterized by a range from a negative (i.e., 

strongly against the technology) to a positive (i.e., strongly in favor of the technology) 

through neutral (i.e., neither against nor in favor of the technology) points, the motivation 

for biased processing is expected to increase with increasing attitude extremity. This means 

that such motivation is highest at the extreme poles of the attitude scale and lowest at the 

midpoint, with the direction of biased processing (i.e., positive or negative) of a pro or 

counter argument depending on argument compatibility. Therefore, we used respondents’ 

initial attitudes towards the focused technology to create an attitude extremity index 

ranging from 0 to 4. Respondents with a neutral attitude are coded 0, while respondents 

indicating a 3 or a 5 on the attitude scale show a “very moderate attitude”; respondents 

indicating a 2 or a 6 on the attitude scale show a “moderate attitude”; respondents 

indicating a 1 or a 7 on the attitude scale show an “extreme attitude”; and respondents 

who are strongly against or strongly in favor of the focused technology show a “very 

extreme attitude” (4). 

                                                                                                                                                                             
did not intend to examine source effects in our study, we did not provide respondents with the source of 
the information.  
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3. Change Indicator: For our examination of attitude change, we coded respondents with an 

initial negative or positive attitude as follows: 0 for polarization (i.e., the posterior attitude 

is more extreme than the initial focused attitude), 1 for a stable negative or positive 

attitude, and 2 for centration and side changes. Respondents with an initial neutral attitude 

were coded as follows: 0 for those whose initial neutral attitude position changed to a 

negative attitude, 1 for those with a stable neutral attitude, and 2 for those whose initial 

neutral attitude position changed to a positive attitude. 

4. Argument Type: For the operationalization of argument type, we considered argument 

quality (strong, moderate, or weak), argument directionality (pro vs. counter), and 

respondents’ initial attitude position towards the focused technology (negative, neutral, 

positive), resulting in nine different argument types: incompatible-weak (0), incompatible-

moderate (1), incompatible-strong (2), neutral-weak (3), neutral-moderate (4), neutral-

strong (5), compatible-weak (6), compatible-moderate (7), and compatible-strong (8).28 This 

means that, argument type is defined on the basis of the different strengths of evaluating 

tendencies that an argument elicits among a respondent with a particular initial attitude. 

While arguments of type 0 to 2 as well as type 6 to 8 simultaneously elicit the evaluating 

tendencies of quality and compatibility among respondents, arguments of type 3 to 5 are 

expected to elicit only the quality tendency. Hence, we expect the persuasiveness ratings of 

these arguments to range between incompatible (type 0 to 2) and compatible arguments 

(type 6 to 8). 

5. Persuasiveness Ratings: For the measurement of respondents’ persuasiveness ratings, we 

used a one-dimensional endpoint-verbalized nine-point scale for each argument (0: the 

argument is not at all persuasive; 8: the argument is very persuasive) which was placed 

immediately below the relevant argument.   

                                                           
28

 This operationalization basically follows that applied by Liu et al. [9] and Liu [28]. However, these 
studies used two different argument qualities (strong vs. weak) and measured initial attitudes using a 
response scale where participants could not indicate a neutral attitude (two-alternative forced choice). 
These studies examined four different argument types: incompatible-weak, incompatible-strong, 
compatible-weak, and compatible-strong. 
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6. Balance of Ratings: For each respondent, we calculated his or her individual balance of 

persuasiveness ratings by subtracting his or her average persuasiveness rating for the seven 

counter arguments from the average persuasiveness rating for the seven pro arguments. A 

positive (or negative) persuasiveness balance means that a respondent rated the seven pro 

arguments as more (or less) persuasive than the seven counter arguments on average. 

Specifically, the balance of persuasiveness ratings ranges from -8 (meaning that a 

respondent rated all seven counter arguments with 8 while rating all pro arguments with 0) 

to +8 (meaning that a respondent rated all seven pro arguments with 8 while rating all 

counter arguments with 0). The balance of ratings serves as a proxy variable for 

respondents’ engagement in biased processing [cf. also 38]. 

7. Perceived Familiarity: Next to the persuasiveness rating scale, we presented respondents 

with a nominal scale allowing us to measure their perceived familiarity with each of the 14 

arguments (0: I am not aware of this argument; 1: I am aware of this argument).29  

8. Need for Cognition: Along with the ELM [47], the motivation to scrutinize arguments is 

expected to increase with a respondent’s need for cognition. In our heterogeneous 

respondent sample, we used a short scale on the need for cognition, with four items 

measuring respondents’ engagement in cognitive tasks (cf. Table 4, items one and four 

inversely coded) and enjoyment of such tasks (cf. Table 4, items two and three). Beißert et 

al. [48] selected and validated the items from a longer need-for-cognition scale designed by 

Cacioppo and Petty [49]. Respondents’ answers to the items were measured on a seven-

point scale (0: does not apply at all, 6: applies completely) and allowed for the calculation 

of a mean score index for respondents’ need for cognition. 

9. Personal Involvement: In line with the ELM [47] (cf. also [15]), it is expected that personal 

involvement increases respondents’ interest in and, thus, motivation to elaborate 

systematically on the presented arguments. Experimental studies on this issue frequently 

                                                           
29

 In the German questionnaire, we used the wording “Kennen Sie dieses Argument schon?” This does not 
necessarily imply that someone has knowledge about (the background of) an argument, but rather 
indicates whether or not he or she perceives familiarity with the argument. 
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operationalized personal involvement by manipulating whether or not a message has 

consequences for participants (e.g., introduction of tuition fees for current undergraduates 

vs. introduction of tuition fees for the next cohort of students). In standardized surveys, 

personal involvement is measured rather than manipulated. For instance, Southwell [50] 

operationalized personal involvement by asking respondents about their past drug behavior 

in a survey of evaluations of anti-drug public service announcements. We asked our 

respondents whether, according to their knowledge, the focused electricity generating 

technology was being constructed or is planned to be constructed in future (=1) near their 

place (or not (=0)).  

10. Attitude-relevant knowledge: We formulated four statements (cf. Table 5 intended to 

measure respondents’ knowledge about energy (i.e., their attitude-relevant knowledge). 

We asked respondents to indicate for each statement whether the statement was 

“definitely not true”, “probably not true”, “probably true”, or “definitely true”. Only those 

answers that respondents specified as “definitely not true” for items 1 and 3 or as 

“definitely true” for items 2 and 4, respectively, were judged to be correct. Finally, we 

counted the number of correct answers for the four items, such that attitude-relevant 

knowledge can vary between 0 (limited attitude-relevant knowledge) and 4 (extensive 

attitude-relevant knowledge), i.e. when all questions are answered correctly.  

11. Age and Gender: We asked respondents to state their age in an open answer format. 

Regarding gender, we offered respondents the categories of male and female as well as a 

third option for respondents who did not want to categorize themselves as either male or 

female.  

Figure 2: Survey design  
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Table 4: Short scale on need for cognition 

Item 
no. 

We would like to know more about you as a person. The following statements may apply more or 

less to you. In general, to what extent do you think each statement applies to you personally?  

1 Simply knowing the answer rather than understanding the reasons for the answer to a problem is 
fine with me.  

2 I prefer my life to be filled with puzzles that I solve.  

3 I would prefer complex to simple problems. 

4 I primarily think because I have to. 

Source: Beißert et al. [48] 

Table 5: Scale for measuring attitude relevant knowledge 

Item 
no. 

One cannot know everything in life. Nevertheless, we would like to ask you to tell us whether you 

consider the following four statements to be" definitely not true", "probably not true", "probably 

true", or "definitely true". 

1 An ozone hole will never heal. 

2 Every time we burn oil, coal, or gas, carbon dioxide (CO2) is released. 

3 Some electricity producers abroad use magma or molten rock energy to generate electricity. 

4 In a private household, most of the energy is used for space heating. 

Source: Authors’ own. 

2.3 Data description 

We administered the survey online using a paging design [cf. 51] to members of a German 

access panel in March 2017. The survey was targeted at persons with a residential address 

(principal address) in Germany at the time of the survey. We did not pay or promise any 

monetary incentives in the invitation e-mail, but presented respondents with the prospect of 

receiving a summary of the survey results upon request. In total, 1,245 respondents were 

randomly assigned to one of the six settings and completed the survey. We excluded 76 
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respondents from the sample for quality reasons.30 Furthermore, we restricted our analysis 

sample to those respondents who performed both tasks – i.e., persuasiveness rating and 

perceived familiarity statement – for each of the 14 arguments in his/her assigned setting.31 

Hence, analyses for the arguments are based on the group sizes depicted in Table 6 (cf. 

Analytical dataset column).32 Respondents’ average age in the final sample is 40.8 years (SD = 

15.7), and 49.3 percent of respondents are female, 49.4 percent are male, and 1.3 percent 

refused to classify their gender.33 Furthermore, 77.7 percent of the respondents had received a 

secondary-school leaving certificate and 5.3 percent stated that they are employed in the energy 

sector.  

Table 6: Gross sample & data base 

Setting Gross sample Analytical dataset  

Coal power stations 203 170 

Gas power stations 207 171 

Wind power stations (onshore) 207 172 

Wind power stations (offshore) 207 189 

Open space photovoltaics 213 197 

Biomass power plants 208 179 

n 1,245 1,078 

                                                           
30 Six respondents stated that they did not live in Germany (primary residential address) and thus they did 

not belong to the predefined target group. In addition, 67 respondents completed the survey in a 
relatively short time (less than half of the 5 percent trimmed mean survey completion time in the sample) 
and a further three respondents answered two or more of the four relevant item batteries with the same 
answer option (also referred to as non-differentiation [cf. 52]); it can therefore be assumed that these 
respondents assessed the items without paying attention to their content [cf. 53]. 
31

 Three respondents in Setting 1, four respondents in Setting 2, two respondents in Setting 3, one 
respondent in Setting 4, and one respondent in Setting 6 were removed from the analysis sample because 
they left the persuasiveness rating and/or the awareness statement blank for at least one argument.  
Furthermore, we removed a total of 80 respondents from the analysis sample who did not provide a valid 
answer to the items regarding initial and/or posterior attitude towards the focused technology, personal 
relevance of the focused technology, age, and/or gender. These respondents would have been ignored in 
the upcoming multivariate analyses in any case due to the listwise deletion procedure. 
32

 Mean differences between the six settings regarding initial attitudes, attitude relevant knowledge, and 
 

33
 We registered the answers of the 14 respondents who did not classify their gender as either male or 

female as a substantial answer reflecting the respondent’s self-concept of their gender [cf. e.g., 54].  
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2.4 Methods 

2.4.1 Persuasiveness Ratings 

We analyzed the answers of respondents in a multivariate regression for all settings jointly.34 

Multivariate regressions allow estimating unbiased estimates for each of the evaluating 

tendencies. Since each respondent was asked to give answers (persuasiveness ratings and 

familiarity statements) to 14 arguments (level 1), and respondents with specific characteristics – 

e.g., initial focused attitudes, need for cognition – (level 2) were randomly assigned to different 

settings (level 3), our data are hierarchically structured. 

To appropriately address the hierarchical data structure in a multivariate regression model, we 

applied multilevel analysis [55, 56]. Multilevel analysis requires sufficiently high numbers of 

units at each level to avoid biases in point estimates and/or interval estimates [57-59]. In our 

case, the number of level-3 units (i.e., the six settings) is critical. To overcome any potential 

problems due to the low number of level-3 units, we applied a two-level multilevel analysis in 

which we estimated fixed effects for the settings by using weighted effect coded variables [60]. 

These weighted effect coded variables account for potentially different means in the 

persuasiveness ratings between the six settings. We used Stata 14.2 to estimate the following 

model, using a Restricted Maximum Likelihood estimation procedure and estimating cluster-

robust standard errors: 

=  ß +  ß +  +                                                                                                               (1) 

where the unstandardized regression coefficients of this level-1 model can be substituted by the 

following models applying to the respondent level (level 2): 

ß =  + +                      (2)  

ß =  + +                       (3) 

                                                           
34

 This is unproblematic as the evaluation tendencies hypothesized to be relevant during the process of 
argument evaluation do not depend on the attitude object itself but rather on the interplay of a 
respondent’s prior attitude towards an attitude object, his or her perceived familiarity with an argument, 
and the directionality and quality of the argument. 
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and where 

i denotes an argument, 

j denotes a respondent, 

k denotes a setting, 

 refers to the persuasiveness rating of respondent j for argument i, 

 refers to the characteristic of argument i (e.g., argument type, 

dimension), 

  refers to the characteristic of respondent j (e.g., need for cognition) 

ß   ß  denote a respondent’s unstandardized regression coefficient for the 

intercept (ß0j) and the slope (ß1j) of the predictor variable X1j at the 
argument level, 

   denote the grand mean (average unstandardized regression coefficient) 
for the intercept ( 00) and the slope ( 10) of the predictor variable X1j at 
the argument level, 

   denotes the residual at the setting level, 

   denote the residuals (random terms) at the respondent level, 

 denotes the residual at the argument level. 

 

To test our hypotheses, we estimated two models (hereinafter referred to as Model 1 and 

Model 2). Model 1 is based on the answers of all respondents (n= 1,078) and is used to test H1 

to H5. Subsequent to the estimation of Model 1, we computed the average adjusted 

persuasiveness rating predictions (hereinafter referred to as average adjusted predictions) for 

each argument type using Stata’s margins command [61]. Testing H1 to H3 required the ability 

to account for the multiple pairwise comparisons between the nine different argument types 

(i.e., incompatible-weak, incompatible-moderate, incompatible-strong, neutral-weak, neutral-

moderate, neutral-strong, compatible-weak, compatible-moderate, and compatible-strong). 

Therefore, we compared the resulting average adjusted prediction for each argument type on a 

pairwise wise basis using the Sidak Test. The Sidak Test is a test for pairwise multiple 

comparisons that is based on a t-statistic and accounts for multiple comparisons in the 

significance level [62]. To test H6 and H7, we excluded persuasiveness ratings from respondents 

who had a neutral initial attitude towards their focused technology prior to the estimation of 

Model 2. We used Stata’s margins command to compute the average adjusted predictions for 
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the six relevant argument types (i.e., incompatible-weak, incompatible-moderate, incompatible-

strong, compatible-weak, compatible-moderate, and compatible-strong) and Stata’s marginsplot 

command to illustrate the estimation results of the two two-way interactions. 

2.4.2 Attitude Change  

To examine attitude change, we separately estimated multinomial logistic regressions for 

respondents with initial negative attitude, initial neutral attitude, and initial positive attitude. 

With change indicator as the dependent variable (y) and balance of ratings (x1) as the 

independent variable, these models allowed us to examine the relationship between biased 

processing and the probability of attitude polarization, attitude change towards the opposite 

pole, and attitude persistency. We estimated the following model:  

( )

( )
= + +  =                   (4) 

where r represents the reference category and m represents the remaining two categories of 

the dependent variable [cf. e.g., 63, 64].  

This model allows us to calculate the probability of observing attitude change and persistency 

[cf. e.g., 64]. Technically, the probability of observing attitude polarization (category 0 of the 

dependent variable) and attitude moderation or side change (category 2 of the depend variable) 

reflect transition probabilities: Pr(attitudet2 = p | attitudet1 = q) [cf. e.g., 65]. That is, they reflect 

the probability of observing a posterior attitude with position p given an initial attitude with 

position q. In cases of attitude polarization, p is located closer than q to the closest extreme pole 

of the initial attitude position. In cases of attitude moderation or side change, p is located 

further than q from the closest extreme pole of the initial attitude position. In contrast, the 

probability of attitude persistency reflects survival probability: Pr(attitudet2 = q | attitudet1 = q) 

[cf. e.g., 65]. That is, it reflects the probability of observing a posterior attitude equal to the 

initial attitude. After model estimation, we computed the average adjusted predictions of 
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transition and survival probabilities (hereinafter referred to as average adjusted probabilities) 

based on the balance of ratings using Stata’s margins command.  

 

3 Empirical Results  

3.1 Descriptive Results 

Before we turn to the results of the multilevel analysis, we will analyze the distribution of the 

initial focused attitudes in our sample (n=1,078). Table 7 shows that about 23.47 percent of the 

respondents reported a negative attitude, 8.53 percent reported a neutral attitude, and 68 

percent reported a positive attitude towards the focused technology before the presentation of 

14 arguments. As can be seen in Figure 3, on average, the majority of respondents with initial 

negative focused attitudes rated counter arguments as more persuasive than pro arguments 

and the majority of respondents with initial positive focused attitudes rated pro arguments as 

more persuasive than counter arguments. This finding is in line with the compatibility hypothesis 

(H1). Furthermore, the stepwise pattern of this relationship aligns with our extremity 

compatibility hypothesis (H3), as the distribution of individual balances of ratings increases 

steadily with attitudinal position (cf. Figure 3). This result suggests that biased processing occurs 

as a consequence of initial focused attitudes. Participants tended to support compatible 

arguments and counterargue incompatible arguments. 

Table 7: Distribution of initial focused attitudes in the sample (n=1,078) 

Attitude  

scale 

Verbalization  

of attitude scale 

Proportion of  

respondents (%) 

0 strong in disfavor 8.35 

1  5.01 

2  5.84 

3  4.27 

4 neutral 8.53 

5  9 

6  16.7 

7  16.23 

8 strong in favor 26.07 
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Table A.1 in the appendix provides an overview on average attitudes towards all 
six technologies in each setting. 

 

 

Figure 3: Box plots of balance of ratings for different attitudinal positions 

   
Notes: The box indicates the lower and upper quartiles of 
balance of ratings. The length of the box represents the 
interquartile range (IQR). The line subdividing the box 
represents the median. The lines span all data points within 
1.5 IQR of the first and third quartiles. 

Table 8 shows the marginal and conditional probabilities of change and persistency in the 

reported attitudinal positions before (t1) and after (t2) evaluation of 14 conflicting arguments by 

respondents with initial negative, neutral, and positive focused attitudes. In total, 21.43 percent 

of the 1,078 respondents shifted their attitudes towards the negative pole of the attitude scale, 

and 21.99 percent of the respondents shifted their attitudes towards the positive pole of the 

attitude scale. About 56.59 percent of the respondents did not change their attitudes. 

Attitude polarization occurs if the initial negative (or positive) attitudinal position becomes more 

extreme after exposure to the conflicting arguments. In our study, 14.23 percent (or 18.55 

percent) of the 253 (or 733) respondents with an initial negative (or positive) attitude indicated 

a posterior attitude that was more negative (or positive) compared to their initial attitude after 

evaluating the arguments. This finding corroborates thus far our attitude-polarization hypothesis 

-1
0

-5
0

5
1

0

B
a
la

n
c
e

 o
f 

R
a

ti
n
g

s
  

0 1 2 3 4 5 6 7 8
 

Initial Focused Attitude

 
 

 



29 
 

(H8). However, at the same time, we observe that 28.85 percent (or 22.78 percent) of our 253 

(or 733) respondents with an initial negative (or positive) attitude changed their attitude in the 

direction of the positive (or negative) pole of the attitude scale, and therefore became less 

extreme in their attitudes after evaluating the 14 arguments. Interestingly, among respondents 

with an initial negative attitude as well among respondents with an initial positive attitude, the 

proportion of respondents who articulated a less extreme posterior attitude (22.78 percent and 

28.85 percent) is larger than the proportion of respondents who experienced a polarization 

effect (14.23 percent and 18.55 percent). In sum, these results suggest that the exposure to 

conflicting arguments lead to attitude persistency and to less extreme attitudes rather than to 

attitude polarization. Finally, among 92 respondents with an initial neutral attitude, changes 

towards the positive or negative pole of the attitude scale are balanced. Of these respondents 

with initial neutral attitude, 30.43 percent articulated a positive and 30.43 percent articulated a 

negative attitude after the evaluation of 14 arguments.  
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Table 8: Marginal and conditional probabilities of attitude change and attitude persistency 

 Attitude change  

Initial 

attitude (t1) 

Negative  

(t2 – t1 < 0) 

Stable  

(t2 – t1 = 0) 

Positive 

 (t2 – t1 > 0) n 

Negative 14.23 % 56.92 % 28.85 % 253 

Neutral 30.43 % 39.13 % 30.43 % 92 

Positive 22.78 % 58.66 % 18.55 % 733 

Total 21.43 % 56.59 % 21.99 % 1,078 

Note: In total, 45 respondents changed the valence of their initial attitude. That is, 23 (or 22) of 
those surveyed with initially negative (or positive) attitudes changed to a positive (or negative) 
attitude after the evaluation of arguments. 

 

3.2 Results of the multilevel analysis among all respondents 

Table 9 shows the results of the multilevel analysis based on the persuasiveness ratings of all 14 

arguments for all (n= 1,078) respondents (Model 1). 27.8 percent of the variance in the 

persuasiveness ratings is explained on the argument level (level 1) and 15.8 percent on the 

respondent level (level 2). The analysis of argument type, where compatible-strong arguments 

were chosen as the reference group, reveals that the effect sizes of the dummies of all other 

-strong 

arguments received the highest persuasiveness ratings. For instance, compatible-moderate 

arguments were rated as 0.77 scale points less persuasive than compatible-strong arguments, 

and incompatible-weak arguments were rated as 3.55 scale points less persuasive than 

compatible-strong arguments. 

In line with our quality hypothesis (H1), compatible-strong arguments are rated as stronger than 

both compatible-moderate arguments and compatible-weak arguments. At the same time, 

compatible-moderate arguments are rated as more persuasive than compatible-weak 

arguments. This gradation pattern is also prevalent in the group of incompatible arguments (i.e., 

incompatible-strong arguments > incompatible-moderate arguments > incompatible-weak 

arguments). We also find evidence for the compatibility hypothesis (H2) among all three quality 

levels. That is, compatible-strong arguments were rated as more persuasive than incompatible-
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strong arguments, compatible-moderate arguments were rated as more persuasive than 

incompatible-moderate arguments, and compatible-weak arguments were rated as more 

persuasive than incompatible-weak arguments. Furthermore, the results of Model 1 provide 

evidence in favor of the neutral-attitude hypothesis (H3). The effect sizes for the group of 

neutral arguments lie in between the effect sizes for the group of incompatible and the group of 

compatible arguments. However, as mentioned in Section 2.3, an appropriate test of the quality 

hypothesis (H1), compatibility hypothesis (H2), and neutral-attitude hypothesis (H3) requires a 

consideration of the multiple pairwise comparisons between the nine different argument types 

regarding the significance levels. Therefore, we computed the average adjusted persuasiveness 

ratings for each argument type on the basis of Model 1 and compared these predictions on a 

pairwise basis using the Sidak Test.  
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Table 9: Results of Model 1 (dependent variable persuasiveness ratings) 

Level 1 (15,092 arguments) R
2
  27.8 %   

Level 2 (1,078 respondents) R
2
 15.8 %   

 ß  se 

Intercept 6.11 
*** 

0.25 

Respondent characteristics:    

Unfamiliarity Reference 

Perceived familiarity  0.56 
** 

0.21 

Personal irrelevance Reference 

Personal relevance -0.23  0.17 

* Perceived familiarity 0.11  0.16 

Need for cognition -0.11 
* 

0.06 

* Perceived familiarity 0.00  0.05 

Female Reference 

Male -0.44 
+++

 0.09 

Preferred not to say   -0.43  0.38 

Age 0.00  0.00 

Argument characteristics:   

Compatible strong Reference 

Compatible moderate -0.77 
*** 

0.05 

Compatible weak -1.42 
*** 

0.07 

Neutral strong -1.35 
*** 

0.16 

Neutral moderate -1.97 
*** 

0.14 

Neutral weak -2.41 
*** 

0.16 

Incompatible strong -2.53 
*** 

0.08 

Incompatible moderate -2.96 
*** 

0.08 

Incompatible weak -3.55 
*** 

0.09 

Economic -0.05 
 

0.05 

Social 0.17 
++ 

0.05 

Political 0.62 
+++ 

0.07 

Technical 0.85 
+++ 

0.05 

Ecological 1.03 
+++ 

0.05 

Coal power station -1.27 
+++ 

0.10 

Gas power station 0.59 
+++ 

0.10 

Wind power stations (onshore) -0.37 
+++ 

0.10 

Wind power stations (offshore) -0.05 
 

0.08 

Open space photovoltaics 0.03 
 

0.10 

Biomass power plants 1.02 
+++ 

0.10 

Variance 
component 

2
 se 

Bounds of 95%- 
Confidence interval 

Low Up 

Argument type 0.06 0.01 0.05 0.07 

Familiarity 0.59 0.08 0.45 0.77 

Personal relevance 0.18 0.24 0.01 2.47 

Economic 0.19 0.07 0.10 0.38 

Technical 0.14 0.09 0.04 0.52 

Level 2 1.00 0.12 0.79 1.27 

Level 1 3.60 0.08 3.44 3.76 
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Notes: The model was estimated in Stata 14.2 using a Restricted 
Maximum Likelihood estimation; se = standard error; 

*
 

p<0.05, 
**

 p<0.01, 
***

 p<0.001 based on one-tailed hypothesis 
tests; 

+
 p<0.05, 

++
 p<0.01, 

+++
 p<0.001 based on two-tailed 

hypothesis tests; empty model ICC was 0.071
35

; the pseudo-R
2
 

was calculated using the “multilevel tools” Stata package; age 
mean centered; weighted effect coded dummies for settings. 

Figure 4 depicts the average adjusted predictions for each argument type. As can be clearly 

seen, respondents evaluated incompatible-weak arguments as least persuasive (2.86 on the 

persuasiveness rating scale) while they evaluated compatible-strong arguments as most 

persuasive (6.4 on the persuasiveness rating scale). Table 9 provides the corresponding results 

of the Sidak Test on the multiple pairwise comparisons of the average adjusted predictions. For 

instance, the average adjusted predictions of compatible-strong arguments is 3.55 ( 6.4 - 2.86) 

scale points stronger than that of incompatible-weak arguments. All differences in the average 

adjusted predictions between the argument types are significant, except for two argument type 

combinations (neutral-weak arguments vs. incompatible-strong arguments and neutral-strong 

arguments vs. compatible-weak arguments). As a result, in the statistical sense, respondents 

with a neutral initial focused attitude evaluated weak arguments as persuasive to the same 

extent that respondents with incompatible attitudes rated strong arguments; and respondents 

with a neutral initial focused attitude evaluated strong arguments as persuasive to the same 

extent that respondents with an compatible attitude rated weak arguments. In sum, the 

gradation pattern depicted in Figure 4 is perfectly in line with the quality-hypothesis (H1), 

compatibility hypothesis (H2), and neutral-attitude hypothesis (H3) and the results of the Sidak 

Test corroborate these hypotheses.  

Table 9 provides further interesting details on the relative importance of the evaluating 

tendencies of quality and compatibility in the persuasiveness ratings of the 84 arguments. The 

differences in the average adjusted predictions in the groups of incompatible arguments, neutral 
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 ICC refers to intra class coefficient. An ICC of 0.07 means that around 7 percent of the variance in the 
persuasiveness ratings is due to differences across respondents, with the remaining 93 percent 
attributable to differences in the arguments. Hence, respondents are relatively homogenous regarding 
the persuasiveness ratings. 
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arguments, and compatible arguments, respectively, refer to the impact of argument quality on 

persuasiveness ratings. For instance, we observe that incompatible-strong arguments were 

rated as 1.02 scale points more persuasive than incompatible-weak arguments. This difference 

in the average adjusted predictions resembles the difference in the corresponding ratings 

between neutral-weak and neutral-strong arguments, amounting to 1.06 scale points. The 

largest quality effect can be found among the group of compatible arguments. Here, the 

difference in the average average adjusted predictions between strong and weak arguments 

amounts to 1.42 scale points. These effects are smaller than the effects resulting from the 

compatibility tendency. The average adjusted prediction of compatible-weak arguments is 2.13 

scale points higher than the comparable of incompatible-weak arguments. The difference in the 

average adjusted predictions between compatible-strong and incompatible-strong arguments 

amounts to as many as 2.53 scale points. Hence, whether or not an argument is compatible with 

a recipient’s initial attitude has more implications for argument evaluation than the quality of 

the argument. 

Regarding the effect of familiarity on argument evaluation, the results of Model 1 present a 

divided picture. First, we find evidence for our familiarity hypothesis (H4). Respondents rated 

arguments that they perceived to be familiar as 0.56 scale points more persuasive than 

for the attenuating-familiarity hypothesis (H5). Neither the two-way interaction between 

perceived familiarity and need for cognition nor the two-way interaction between perceived 

36 Hence, the automatic 

positive effect of perceived familiarity is not moderated by any controlled processing effect. 

Finally, our analysis reveals that addressing an ecological aspect increased persuasiveness 
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 We also tested a three-way interaction between perceived familiarity, personal relevance, and 
argument type as well as between perceived familiarity, need for cognition, and argument type. However, 
neither the three-way interaction terms nor the interaction terms of lower order are significant in these 
models. 
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ratings by 1.03 scale points. This point to the fact that besides argument quality dimension is 

another important aspect of argument content affecting persuasiveness ratings.37  

Figure 4: Average adjusted predictions for each argument type

 
Notes: IC = incompatible argument, N = neutral argument, 
C = compatible argument; predictions based on Model 1; confidence 
interval for level 95 %; robust standard errors. 

Table 10: Results of the Sidak Test by argument type 

 
Incompatible Neutral Compatible 

W M S W M S W M 

Incompatible 
M 0.58 

       S 1.02 0.43 
      

Neutral 

W 1.14 0.55
*
 0.12

ns
 

     M 1.58 1.00 0.56
**

 0.45
+
 

    S 2.19 1.61 1.18 1.06 0.61 
   

Compatible 

W 2.13 1.54 1.11
ns

 0.99 0.55
**

 -0.07 
  M 2.78 2.20 1.76 1.65 1.20 0.59

**
 0.65 

 S 3.55 2.96 2.53 2.41 1.97 1.35 1.42 0.77 

Notes: W = weak, M = moderate, S = strong; ns = not significant ( =0.05); if not indicated 
otherwise, all contrast effects are significant; p<0.001, ** p<0.01, * p<0.05, 

+
 p<0.10; 

hypotheses tested with a one-tailed test; a positive sign indicates that respondents rated a 
particular argument type in a row as more persuasive than a particular argument in a column. 
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 It is important to recall that arguments could also be categorized into more than one dimension only (cf. 
FN 22 and Table 1). Hence, the effect sizes of the dimensions reported in Table 9 and Table 11 do not refer 
to differences between the particular dimension and a reference dimension, but to the effect of the 
particular dimension on persuasiveness ratings. 

0
1

2
3

4
5

6
7

8

P
e
rs

u
a
s
iv

e
n

e
s
s

 

IC
Weak

IC
Moderate

IC
Strong

N
Weak

N
Moderate

N
Strong

C
Weak

C
Moderate

C
Strong

 
Argument Type

 



36 
 

Figure 5: Average adjusted predictions for argument type – familiarity effect 

  
Notes: IC = incompatible argument, N = neutral argument, 
C = compatible argument; predictions based on Model 1; confidence 
interval for level 95 %; robust standard errors. 

3.3 Results of the multilevel analysis among non-neutral respondents 

As our aim was to examine the impact of attitude extremity as well as recipients’ attitude-

relevant knowledge on the compatibility and incompatibility tendencies, respectively, we re-

estimated Model 1 excluding respondents with a neutral initial focused attitude. Furthermore, 

we accounted for two two-way-interactions – i.e., between argument type and attitude 

extremity as well as between argument type and attitude-relevant knowledge – that allowed us 

to address the extremity-compatibility hypothesis (H6) and the knowledge hypothesis (H7), 

respectively. Hence, the results of Model 2 are based on the persuasiveness ratings of (m=) 

13,804 arguments by (n=) 986 respondents having either a positive or negative initial focused 

attitude (cf. Table 11). In Model 2, 32.97 percent of the variance in the persuasiveness ratings is 

explained on the argument level (level 1) and 15.59 percent on the respondent level (level 2).  

Due to the estimation of two two-way-interactions, the effect sizes outlined in Table 11 for 

particular argument types represent main effects that apply to respondents with very moderate 

attitude and no attitude-relevant knowledge, and ignoring all other characteristics. For instance, 

respondents with very moderate attitude and no attitude-relevant knowledge rated compatible-
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moderate arguments as significantly less persuasive than compatible-strong arguments 

type, these effect sizes do not follow the gradation pattern found in Model 1. For instance, the 

effect size of incompatible-

that respondents with very moderate attitude and no attitude-relevant knowledge rated 

incompatible-strong arguments as 0.43 scale points more persuasive than compatible-strong 

arguments – i.e., the reference argument type. 

To address the extremity-compatibility hypothesis (H6), we calculated average adjusted 

predictions for respondents with very moderate and very extreme attitude on the basis of 

Model 2. Figure 6 illustrates the impact of attitude extremity on the compatibility tendency. 

Respondents with very extreme attitude rated incompatible arguments as significantly less 

persuasive than respondents with very moderate attitude; for instance, in the case of 

incompatible-weak arguments, the difference between respondents with very moderate and 

very extreme attitude amounts to 1.39 scale points.38 At the same time, respondents with very 

extreme attitude rated compatible arguments as significantly more persuasive than respondents 

with very moderate attitude; for instance, in the case of compatible-strong arguments, the 

difference between respondents with very moderate and very extreme attitude amounts to 1.70 

scale points. We therefore find evidence for our extremity-compatibility hypothesis (H6), 

meaning that the more extreme respondents’ initial focused attitudes are, the stronger the 

compatibility tendency. In the same vein, we tested our knowledge hypothesis (H7) by 

comparing the average adjusted persuasiveness ratings for respondents with no relevant 

knowledge with those for respondents with extensive relevant knowledge. However, we did not 

find evidence in favor of our knowledge hypothesis (H7), that is to say that respondents with 
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 The significance of the interaction between attitude extremity and argument type can be seen in 
Figure 6, as the confidence intervals of the average adjusted predictions of respondents with very 
moderate attitude do not overlap with the average adjusted predictions for respondents with very 
extreme attitude. Furthermore, we conducted a Sidak Test for pairwise multiple comparisons which 
yielded significant differences in the average adjusted predictions between both groups.   
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extensive attitude-relevant knowledge were not more able to affirm compatible arguments and 

counterargue incompatible arguments than respondents with no attitude-relevant knowledge.  
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Table 11: Results of Model 2 (dependent variable persuasiveness ratings) 

Level 1 (13,804 arguments) R
2
  32.97 %     

Level 2 (986 respondents) R
2
 15.59%     

  ß   se 

Intercept 4.28 
+++ 

0.28 

Respondent characteristics: 
 

 
 

Unfamiliarity Reference  
 

Perceived familiarity  0.72 
+++ 

0.22 

Personal irrelevance Reference 
 

 

Personal relevance -0.26 
+ 

0.16 

* Perceived familiarity 0.22  0.17 

Need for cognition -0.06  0.06 

* Perceived familiarity -0.04  0.05 

Female Reference  
 

Male -0.41 
+++ 

0.08 

Prefer not to say  -0.47 
+ 

0.30 

Age  0.00  0.00 

Attitude extremity 0.57 
*** 

0.05 

Knowledge 0.04  0.05 

Argument characteristics: 
 

 
 

Compatible strong Reference  
 

Compatible moderate -0.63 
*** 

0.14 

* Attitude extremity -0.05  0.04 

* Knowledge 0.00  0.05 

Compatible weak -1.07 
*** 

0.21 

* Attitude extremity -0.15 
** 

0.06 

* Knowledge 0.06  0.07 

Incompatible strong 0.43 
* 

0.23 

* Attitude extremity -1.03 
*** 

0.07 

* Knowledge -0.06  0.08 

Incompatible moderate 0.01  0.23 

* Attitude extremity -0.96 
*** 

0.72 

* Knowledge -0.18 
* 

0.08 

Incompatible weak -0.41  0.26 

* Attitude extremity -1.03 
*** 

0.08 

* Knowledge -0.15 
* 

0.09 
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Table 11 Continued  
 

 

Level 1 (13,804 arguments) R
2
  32.97 %     

Level 2 (986 respondents) R
2
 15.59%     

  ß   se 

Economic -0.07  0.05 

Social 0.13 
+ 

0.05 

Political 0.52 
+++ 

0.08 

Technical 0.85 
+++ 

0.06 

Ecological 0.98 
+++ 

0.06 

Coal power station -1.04 
+++ 

0.09 

Gas power station 0.36 
++ 

0.10 

Wind power stations (onshore) -0.35 
+++ 

0.08 

Wind power stations (offshore) -0.08  0.07 

Open space photovoltaics 0.15  0.08 

Biomass power plants 0.90 
+++ 

0.09 

Variance 
Component 

2
 se 

Bounds of 95%- 
Confidence Interval 

Low Up 

Argument type 0.07 0.01 0.05 0.10 

Familiarity 0.47 0.08 0.33 0.66 

Economic 0.25 0.07 0.14 0.43 

Technical 0.17 0.10 0.06 0.52 

Level 2 0.58 0.10 0.41 0.82 

Level 1 3.70 0.09 3.53 3.88 

Notes: The model was estimated in Stata 14.2 using a Restricted 
Maximum Likelihood estimation; se = standard error; * p<0.05, 
** p<0.01, *** p<0.001 based on one-tailed hypothesis 
tests; 

+ 
p<0.05, 

++
 p<0.01, 

+++
 p<0.001 based on two-tailed 

hypothesis tests; empty model ICC was 0.068
39

; the pseudo-R
2
 

was calculated using the “multilevel tools” Stata package; age 
mean centered; weighted effect coded dummies for settings. 

  

                                                           
39

 For the meaning of ICC, see footnote 35. 
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Figure 6: The impact of attitude extremity on the compatibility tendency 

   
Notes: IC = incompatible argument, N = neutral argument, 
C = compatible argument; predictions based on Model 2; confidence 
interval for level 95 %; robust standard errors. 

Figure 7: The impact of attitude-relevant knowledge on the compatibility tendency 

 
Notes: Predictions based on Model 2; Confidence Interval for level 
95 %, robust standard errors. 

3.4 Attitude Change 

Table 12 shows the results of the multinomial logistic regression estimations, in which change 

indicator was the dependent variable, for each of the respondent groups. In each model, the 
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likelihood ratio chi-square statistic is significant, and hence, the estimated models are 

independent variable). The coefficient of balance of ratings indicates the relationship between 

the likelihood of attitude polarization and attitude moderation as well as the relationship 

between balance of ratings and the reference group (i.e., respondents who did not change their 

initial attitude after argument evaluation). For instance, as opposed to respondents with a 

constant attitude in Model 1, the likelihood of articulating a less extreme attitudinal position 

after argument evaluation significantly increases with a higher balance of ratings 

intuitive result indicates that the likelihood of reporting a less extreme posterior attitude 

increases participants’ evaluations of the strength of the pro arguments compared to the 

counter arguments. Two issues are important to note here. First, the effect size of balance of 

ratings 

significant, the sign of the effect size might be unexpected. In Model 1, for instance, the effect 

size of balance of ratings is positive among respondents who polarized their initial negative 

attitudes, meaning that the stronger participants evaluated pro arguments in comparison to 

counter arguments, the more likely they were to adopt polarized attitudes than maintain their 

attitudes. 

Figure 8, Figure 9, and Figure 10 depict the average adjusted probabilities of attitude change and 

attitude persistency among respondents with initial negative attitude, initial neutral attitude, 

and initial positive attitude. The probabilities were calculated based on the multinomial 

regression models. Figure 8 shows that respondents with a negative balance of ratings are more 

likely to maintain their initial negative attitudes than polarize them. In contrast, respondents 

with a positive balance of ratings are more likely to moderate their initial negative attitudes 

than maintain them.40 Among respondents with an initial neutral attitude (cf. Figure 9), a 

                                                           
40

 This pattern does not change substantially if respondents with initial extremely negative attitudes (‘0’; 
n=90) are disregarded from the analysis (cf. Figure A.1). The probability of attitude polarization is higher 
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negative (or positive) balance of ratings substantially increases the probability of adopting a 

negative (or positive) posterior attitude. In contrast, among respondents with an initial positive 

attitude, the balance of ratings contributed to attitude polarization but not to attitude 

moderation (cf. Figure 10).41 

  

                                                                                                                                                                             
than the probability of attitude moderation, but it is still substantially lower than the probability of 
attitude persistency. 
41

 When 281 respondents with initial extremely positive attitudes (‘8‘) are excluded from the analysis, 
there is a higher probability of attitude polarization than attitude persistency due to the positive balance 

of ratings (cf. Figure A.2). 
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Table 12: Results of multinomial logistic regressions (dependent variable change indicator) 

Model 1: Respondents with Initial  

Negative Attitude (n=253) 
ß  se Model Evaluation 

Polarized  
Balance of Ratings 0.23 

* 
0.09 Likelihood Ratio Test  40.29

***
 

Intercept -0.63  0.33 Pseudo-R
2
 0.083 

Stable   Reference   

Moderated 
Balance of Ratings 0.46 

*** 
0.08   

Intercept 0.59 
* 

0.26 
  

Model 2: Respondents with Initial  

Neutral Attitude (n=92) 
ß 

 
se Model Evaluation 

Neutral to Negative  
Balance of Ratings -0.61 

*** 
0.18 Likelihood Ratio Test  22.52

***
 

Intercept -1.06 
** 

0.37 Pseudo-R
2
 0.112 

Stable   Reference   

Neutral to Positive 
Balance of Ratings 0.04  0.14 

  
Intercept -0.24  0.26 

  
Model 3: Respondents with Initial  

Positive Attitude (n=733) 
ß 

 
se Model Evaluation 

Polarized   
Balance of Ratings -0.08  0.05 Likelihood Ratio Test  66.07

***
 

Intercept -0.96 
*** 

0.15 Pseudo-R
2
 0.047 

Stable   Reference   

Moderated 
Balance of Ratings -0.35 

*** 
0.05   

Intercept -0.32 
** 

0.12 
  

Notes: se = standard error; * p<0.05, ** p<0.01, *** p<0.001 based one-tailed hypothesis tests. 

Figure 8: Probability of attitude change and persistency among respondents with initial negative attitude 
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Figure 9: Probability of attitude change and persistency among respondents with initial neutral attitude 

 

Figure 10: Probability of attitude change and persistency among respondents with initial positive attitude 
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shown that biased processing of conflicting arguments contributes to an attitude polarization 

effect, meaning that initial attitude positions towards an attitude object (in this case, an 

electricity-generating technology) become more extreme after exposure to information either in 

favor of or against the particular attitude object. Transferred to the German energy transition, 

or Energiewende, evidence for an attitude polarization effect would suggest that the use of 

arguments both in favor of and against different electricity-generating technologies broadens 

the societal gap between supporters and opponents of different technologies relevant for the 

Energiewende.  

In this study, we bridged the gap between two models on argument evaluation proposing 

different evaluating tendencies to occur during the process of argument evaluation. For our 

examination, we exposed participants in an online survey to seven pro and seven counter 

arguments (i.e., conflicting arguments) concerning one of six electricity-generating technologies 

(i.e., 84 arguments in total). For each argument, we asked the respondents to rate its 

persuasiveness and state their perceived familiarity with it. Furthermore, by measuring 

respondents’ attitudes towards the focused technology before and after the arguments were 

presented, we were able to investigate their actual attitude change towards the focused 

technology as a consequence of exposure to the conflicting arguments. 

We found evidence for the predictions of both models on argument evaluation. In line with the 

quality hypothesis (H1), the compatibility hypothesis (H2), and the familiarity hypothesis (H4), 

respondents based their persuasiveness ratings on argument quality (i.e., strong, moderate or 

weak arguments), argument position (i.e., indicating the advantages or disadvantages of a 

technology), and their perceived familiarity with the presented argument. In general, strong 

arguments were rated as more persuasive than moderate arguments, and moderate arguments 

were rated as more persuasive than weak arguments; arguments compatible with respondents’ 

initial attitude position were rated as more persuasive than those incompatible with their initial 

attitude position; and familiar arguments were rated as more persuasive than unfamiliar 
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arguments. Opposed to the attenuating-familiarity hypothesis (H5), the familiarity effect was 

neither moderated by respondents’ need for cognition nor by their personal involvement. While 

one may speculate to explain the missing moderating effect with the chosen operationalization 

of personal involvement in this study, such speculation seems to be erroneous for the 

operationalization of need for cognition, since we used a validated short scale to measure this 

concept. Hence, our results speak in favor of three evaluating tendencies that occur 

simultaneously during the evaluation process: compatibility, quality, and familiarity.  

Of these three evaluating tendencies, the compatibility tendency seems to exert most influence 

on respondents’ evaluations. For strong arguments, which can be assumed to be 

communicators’ argument type of choice, the fact whether or not an argument is compatible 

with respondents’ initial attitudes results in a difference of 2.53 scale points on the nine-point 

persuasiveness rating scale. In contrast, the difference between compatible-strong and 

compatible-weak arguments (that is, the difference attributable to the quality of a compatible 

argument) results in a difference of 1.42 scale points, while perceived familiarity contributes to a 

difference of 0.6 scale points in the persuasiveness ratings.  

Another important finding of our analysis in line with our extremity-compatibility hypothesis 

(H6) is that respondents’ initial attitude extremity seemingly increases their motivation to 

defend the initial attitude towards the focused technology. The more extreme a respondent’s 

initial attitude towards a focused technology is, the stronger the compatibility tendency. For 

instance, in the case of incompatible-strong (or compatible-strong) arguments, the average 

adjusted predictions for respondents with extreme attitudinal positions (i.e., either strongly 

against or strongly in favor of a focused technology) is 1.38 (or 1.7) scale points higher than the 

average adjusted predictions for respondents with a very moderate attitudinal position, located 

closely to the neutral position on the attitude scale. At the same time, contrary to the 

knowledge hypothesis (H7) attitude-relevant knowledge did not strengthen the compatibility 

tendency. In other words, the compatibility tendency seems to be strengthened by respondents’ 
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motivation rather than by their ability to affirm compatible arguments and to counter-argue 

incompatible arguments. However, it might be that attitude-relevant knowledge as measured in 

this study was too general compared to the arguments used for the various technologies, which 

were relatively specific. Our study adds to (most of) the existing literature studies, by examining 

respondents with neutral attitudes. In line with our neutral-attitude hypothesis (H3), we found 

that arguments that were rated by respondents with an initial neutral focused attitude yielded 

higher persuasiveness scores than incompatible arguments and lower persuasiveness scores 

than compatible arguments. From our point of view, this result underpins the predictions of the 

congruence model, as it can be explained with the non-existent compatibility tendency among 

people with initial neutral attitudes. Hence, only two evaluating tendencies (i.e., quality and 

familiarity) seem to have applied among these respondents.  

Our analysis of attitude change showed the following results. The descriptive transition analysis 

revealed that a large proportion of respondents did not change their initial attitude position 

after the presentation of conflicting arguments. Furthermore, we found among respondents 

with initially negative attitudes as well as among respondents with initially positive attitudes, 

attitude polarization and attitude moderation simultaneously to occur. As both tendencies have 

opposing effects on global attitude change in a sample, our finding might explain the missing 

evidence on attitude polarization in other studies which analyzed actual attitude change on 

global levels. In this study, the proportion of respondents having less extreme posterior 

attitudes is larger (22.78 percent of those surveyed with initially positive attitudes and 28.85 

percent among those with initial negative attitudes) than the proportion of respondents having 

more extreme attitudes after the evaluation of conflicting arguments in both respondent 

groups. Attitude polarization occurred among 18.55 percent of those surveyed with initially 

positive attitudes and among 14.23 percent of the respondents with initially negative attitudes. 

Hence, in line with Kuhn and Lao [39] our results clearly point against the idea that attitude 

polarization is an inevitable consequence of exposure to conflicting arguments.  
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The bivariate analyses showed that biased processing generally increases the likelihood to 

observe attitude changes in accordance with the direction of biased processing. However, to 

induce attitude change, biased processing needs to be sufficiently strong. Furthermore, among 

respondents with initial negative attitudes, strongly negative biased processing contributed to 

attitude persistency rather than to attitude polarization. Unfortunately, we can only speculate 

on the reasons for this finding. Perhaps participants with initial negative attitudes held on 

average stronger attitudes than respondents with initial neutral or positive attitudes. It is 

desirable to see future studies investigating the role of attitude strength when analyzing 

conditional probabilities of attitude change and attitude persistency.  These studies might also 

take into account examining to what degree beliefs and attitudes towards electricity generating 

technologies, respectively constitute valued sources of persons’ identity. To the extent that this 

is the case, biased processing can be expected to be rooted in defense motivation [cf. 27]. 

Finally, future studies might also consider examining methodological aspects, for example, the 

impact of attitude scale width on probabilities of attitude change. 

Our findings suggest that when communicators aim to convince target recipients of positions 

that run counter to those recipients’ own positions, any argument that they may use can be 

expected to lose strength substantially due to its incompatibility with the recipients’ initial 

attitudes. Furthermore, this loss in strength can be expected to become greater the more 

extreme the recipients’ initial attitudinal position is, and does not necessarily require the 

recipients to have attitude-relevant knowledge. The critical point here is that communicators 

cannot avoid the problem of biased processing, because the fact whether or not an argument is 

compatible with recipients’ initial attitudinal position lies outside the sphere of a 

communicator's influence. In this respect, the scope of the significance of initial attitudes is all 

the more problematic when one considers that attitudes may also be formed spontaneously, for 

instance when new technologies or products are launched to the market. As initial attitudes 
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affect the way in which information is processed, e.g., on a new technology, spontaneous 

attitudes could affect market acceptance of new technologies. 
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Appendix 

Table A.1: Average attitudes towards the technologies in the six settings 

 Initial attitudes towards 

Setting 

Coal 
power 
station 

 

Gas 
power 
station  

 

Wind  
power 

stations 
(onshore) 

Wind  
power 

stations  
(offshore) 

Open- 
space 
photo-
voltaics 

Biomass 
power 
station 

Coal power station 1.72 3.79 6.28 6.43 6.85 5.78 

Gas power station 1.84 3.96 6.30 6.54 6.85 5.85 

Wind power station (onshore) 1.58 3.99 6.33 6.45 6.99 5.49 

Wind power station (offshore) 2.01 3.93 6.42 6.47 7.04 5.73 

Open-space photovoltaics 1.67 3.80 6.20 6.37 7.07 5.58 

Biomass power station 1.84 4.32 6.27 6.63 6.96 5.87 

Sample 
average 

1.78 3.96 6.30 6.48 6.96 5.72 

Notes: Attitudes towards the six technologies were measured on a nine point scale. The extreme points of the 
continuum indicate a strong attitude against (‘0’) and a strong attitude in favor of (‘8’) the relevant 
technology. A neutral attitude is represented on the answer scale by ‘4’.  

Table A.2: Mean and standard deviation of arguments’ persuasiveness  

Setting 

Persuasiveness 

Pro 
arguments  

Counter 
arguments 

Mean SD Mean SD 

Coal power station 2.62 1.86 5.70 1.45 

Gas power station 4.64 1.72 5.14 1.63 

Wind power station (onshore) 5.65 1.37 3.67 1.56 

Wind power station (offshore) 5.51 1.31 3.62 1.44 

Open-space photovoltaics 5.54 1.61 3.16 1.63 

Biomass power station 5.73 1.50 4.79 1.53 

Notes: SD = standard deviation. 

Table A.3: Perceived familiarity with pro arguments 

Setting 
Number of pro arguments perceived to be familiar   

0 1 2 3 4 5 6 7 Total 

Coal power station 1 4 7 22 33 45 27 31 170 

Gas power station 7 4 17 24 34 38 23 24 171 

Wind power station (onshore) 0 2 6 14 34 51 32 33 172 

Wind power station (offshore) 5 4 15 27 30 56 36 16 189 

Open-space photovoltaics 2 6 19 25 43 43 31 28 197 

Biomass power station 15 5 17 22 39 33 24 24 179 

Total 30 25 81 134 213 266 173 156 1,078 
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Table A.4: Perceived familiarity with counter arguments 

Setting 
Number of pro arguments perceived to be familiar   

0 1 2 3 4 5 6 7 Total 

Coal power station 3 8 8 24 24 41 34 28 170 

Gas power station 5 7 15 21 38 36 25 24 171 

Wind power station (onshore) 1 1 7 19 28 44 34 38 172 

Wind power station (offshore) 5 7 14 25 39 40 40 19 189 

Open-space photovoltaics 4 5 16 26 44 42 43 17 197 

Biomass power station 8 9 14 27 40 23 41 17 179 

Total 26 37 74 142 213 226 217 143 1,078 

 

 

Figure A.1: Probability of attitude change and persistency among respondents with initial negative  

attitude after excluding 90 respondents with initially extreme negative attitudes 
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Figure A.2: Probability of attitude change and persistency among respondents with initial negative  

attitude after excluding 281 respondents with initially extreme positive attitudes  
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Figure 11: Clarification presented to respondents (here in Setting 4) before the first block  

of seven arguments (here pro arguments)
42

 

 
Notes: In (online) surveys, a contact person and the name of the institution in 
whose name the study is being conducted are required (cf. e.g., Couper [66]). 

 

Figure 12: Clarification presented to respondents (here in Setting 4) before the second block  

of seven arguments (here counter arguments)
43

 

 
Notes: In (online) surveys, a contact person and the name of the institution in 
whose name the study is being conducted are required (cf. e.g., Couper [66]).

                                                           
42 English translation of this clarification: For your information. On the following pages, we will present 

you with seven arguments in favor of the use of offshore wind power stations for electricity production. 
All of these arguments are genuinely used in the discussion about power generation technologies and 
were not fabricated for the purposes of this survey. We would like you to tell us how persuasive you find 
the different arguments and whether they are new to you or you are already familiar with them. 
43

 English translation of this clarification: For your information. On the following pages, we will present 

you with seven arguments against the use of offshore wind power stations for electricity production. Once 
again, all arguments are genuinely used in the discussion about power generation technologies and were 
not fabricated for the purposes of this survey. 
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