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Abstract 

Francesca Ausilia Tirotto 

Social identity processes involved in the acceptance and collective actions regarding 

large-scale energy technologies: The case of deep geothermal energy in Cornwall, 

Wales and Scotland. 

 

Deep geothermal energy has been recognised as an important contributor to future 

energy demand. However, the development of renewable energy technologies has seen 

public disagreement hindering the implementation of such technologies. The present 

study investigated social dimensions underlying public acceptance of deep geothermal 

energy. Adopting a social identity approach, the present research consisted of four 

studies. The first was a qualitative study which aimed to understand which socio-

psychological dimensions were relevant in the acceptance of the first deep geothermal 

energy plant in Cornwall, UK. Based on this study and existing theory, a theoretical 

framework was developed which identified two possible pathways. The first pathway 

highlighted the relevance of investigating normative and collective efficacy beliefs in 

the acceptance of large-scale energy technologies. The second pathway pointed out the 

relevance of investigating perceived identity support and threat from the technology, 

autonomy need, fairness perception, and risk perception. Based on these pathways, the 

other three studies tested a series of pre-registered hypotheses using correlational 

designs via structural equation modelling. Overall, results demonstrated the importance 

of considering the two pathways, specifically the role of normative and collective 

efficacy beliefs, procedural fairness, collective self-determined motivations, and 

perceived group-level identity support and threat associated with deep geothermal 

energy. Considering collective processes through a social identity lens contributed to a 

better understanding of the key drivers underlying both social acceptance and collective 

action intentions regarding sustainable energy technologies and might be a fruitful 

source of public engagement.  
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General introduction 

Due to the intermittent nature of some renewable energies (e.g., wind), the UK 

government is exploring feasible complementary renewable sources such as geothermal 

energy to be transformed into electric power. Since 2009, the possibility of obtaining 

power and heat from deep geothermal resources has been explored in Cornwall. The 

technology used is known as “Enhanced Geothermal Systems”. 

  The government’s priority to transform the energy system into a sustainable and 

clean sector has to consider people’s perception of the new energy technologies. In fact, 

the successful implementation of energy projects will in part depend on local and 

regional social acceptance. It has been shown that lack of acceptance of and public 

resistance to the technology can hinder the implementation of renewable energy options 

(Kunze & Hertel, 2017). Moreover, understanding public response toward these 

technologies is also important to limit adverse effects on public mental well-being from 

energy project implementation. For example, feeling forced or pressured to accept or to 

do something has detrimental effects on well-being (Deci & Ryan, 2008; Ryan & Deci, 

2000; Thomas et al., 2017) and affect (Contzen et al., 2021). 

 The literature on the social side of renewable energy projects indicates which 

psychosocial and contextual factors are implicated in the acceptance and response 

toward energy technologies (Steg et al., 2015). Research has mostly focused on risk 

perception, trust, distributive and procedural fairness, knowledge, past experiences, and 

emotions. Less attention has been given to the collective dimension toward 

environmental relevant behaviour and in the specific field of renewable energy 

technologies acceptance. In particular, acceptability of geothermal energy at a national 

and local level has mostly been studied through case studies and the literature is very 

limited (e.g., Dowd et al., 2011). No studies to date have focused on public 

understanding of deep geothermal energy in the UK.  
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 The first chapter presents a brief review of the literature about socio-

psychological dimensions considered in the acceptance of energy technologies. Further, 

in the first chapter I discuss the connection between the studies of the present thesis and 

their contribution to knowledge and originality. Chapters 2, 3, 4, and 5 consist of one 

qualitative study, and three correlational studies which are briefly summarised below. 

The four studies include their own introduction, method, results, and discussions 

sections. 

 The first study of the present thesis (Chapter 2) includes a qualitative 

exploratory analysis using focus groups. This study examined which relevant socio-

psychological factors were particularly relevant in the acceptance of the geothermal 

energy technology in Cornwall. The approach undertaken in this study leveraged both 

deductive and inductive strategies, using an interplay between theory and data (Taylor, 

2018). Results of this study were interpreted in light of social identity theories (Tajfel & 

Tuner, 1979). Two distinct, but theoretically inextricable, paths were identified. The 

first path showed that the geothermal energy was framed by participants as renewable 

and this emerged as an important attribute for their Cornish identity. Environmental 

concern, normative and collective efficacy beliefs in the acceptance of the geothermal 

technology played a key role. In contrast to earlier findings, the second path highlighted 

that generalizability of factors explaining public acceptance (e.g., risk perception, 

perceived fairness of the decision-making process) should be taken with caution and 

interpreted in light of identity meanings associated with the energy technology. This 

study set the final theoretical approach forming the basis of the pre-registered 

correlational studies 2-4. 

 The second study (Chapter 3) considered the relation between geothermal 

energy social acceptance and secondary processes of social identity: social norms, 

group-based emotions, and collective efficacy. In particular, using a simplified version 
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of the SIMPEA model (Fritsche et al., 2018), I examined geothermal social acceptance 

in relation to: appraisal of environmental crisis from energy sources, Cornish social 

identity, descriptive norms, group-based emotions, collective efficacy. The adaptation 

of the SIMPEA model to the context of social acceptance of energy technologies 

required a careful analysis, and – to some extent – arbitrary choices among multiple 

ways in which the constructs of interest could be adapted. These choices were mainly 

based on the first qualitative study. Although the pre-registered model was not 

supported, an alternative model was investigated based on other relevant literature (e.g., 

Rees & Bamberg, 2014). The alternative model mostly reflected the pre-registered plan, 

only including few deviations which I explain in detail in this chapter.  

 The third study (Chapter 4) examined boundary conditions of procedural 

fairness perception when examining people’s acceptance of large-scale energy 

technology. To this scope, the moderating effect of social identity violation was 

investigated (Mayer et al., 2009). I also examined relationships between group-level 

autonomy need and both procedural fairness and collective self-determined motivations 

(Thomas et al., 2017) in predicting geothermal energy social acceptance. The pre-

registered model was supported and additional analyses were included to test its 

stability. In this chapter, I present a detailed discussion of the literature in the field of 

social justice, to better understand what it means for people to feel treated fairly in 

terms of identity outcomes.  

 Inspired by research on social identity theories (e.g., Tajfel & Turner, 1979) and 

identity processes and motives (Identity process Theory, Breakwell, 1986; Motivated 

Identity Construction Theory, Vignoles et al., 2006; Vignoles, 2011), the last study 

(Chapter 5) investigated the association between group-level identity motives and four 

outcome variables (e.g., intention to accept/collective actions toward geothermal 

technologies) in Scotland and Wales (UK). The role of risk perception, permeability of 
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group boundaries, and perceived group relative deprivation were also investigated 

through mediation and moderation paths. This chapter presents a series of statistical 

analyses to validate the novel conceptualisations of support and threat toward group-

level identity motives as well as to understand the contribution of each motive (i.e., self-

esteem, distinctiveness, and continuity) in both weakening the relationships between 

risk perception and the four outcome variables and in directly predicting these variables. 

 In general, the quantitative studies confirmed the importance of taking into 

account intra and intergroup processes which emerged as key factors in the first 

qualitative study. These studies also present several limitations which are discussed in 

each chapter and in the general discussion.  

 In conclusion, this thesis highlights the importance of adopting a collective-level 

analysis that considers intra and intergroup dynamics in the acceptance of and collective 

action toward large-scale energy technologies such as deep geothermal energy. 
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Chapter 1 – Introduction 

 

 

1.1 Introduction 

The UK government has committed to the ambitious goal of achieving a net zero target 

by 2050 (HM Treasury, 2021). This means that greenhouse gas emitted should be close 

to the amount removed from the atmosphere. In April 2021, the government further 

announced a pathway to reduce emissions by 78% by 2035 (compared to 1990 levels) 

(Department for Business, Energy & Industrial Strategy, 2021a). This important goal 

needs to meet the energy security criteria, which could only be achieved by shifting 

away from fossil fuels to renewable power. The most recent UK government energy 

report, from the Department for Business, Energy & Industrial Strategy (2021b), shows 

that both in 2020 and 2021, oil and natural gas were the major energy sources in the 

UK, however the generation of energy from these non-renewable resources has seen a 

general decline in the last 30 years. The generation from renewable sources, such as 

wind and solar energy, has in turn increased. Energy produced by offshore and onshore 

wind has been, in particular, the most developed within the renewable energy sector.  

 Due to the intermittent nature of these types of renewable energy, the UK 

government is further exploring feasible complementary renewable sources such as 

geothermal energy to be transformed into electric power. In fact, exponential scientific 

and technological innovation has made it possible to exploit geothermal resources also 

in the UK. Since 2009, the possibility of power and heat from deep geothermal 

resources has been explored in Cornwall. The technology used is known as “Enhanced 

Geothermal Systems”. The United Down Deep Geothermal Project is examining if 

geothermal energy is a viable resource in the UK for producing renewable energy 

(Reinecker et al., 2021). Cornwall has been chosen as the project site because of the 
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unique geological characteristics of its subsoil. Geothermal energy, the natural heat 

from the earth’s interior, is a renewable energy that can ensure a reliable energy supply 

with a low environmental impact. This energy is independent of variations in weather 

and it is considered as an important resource for the future (Basosi et al., 2020). The 

extraction of geothermal energy to be used as power for electricity requires the 

implementation of a deep geothermal power plant which involves on average about 6 

months of drilling to make two deep holes where the temperature of the earth is very 

high, approximately 190 ˚C. The drilling process produces noise pollution. However, 

subsequent installation phases are quiet. Once the power plant is installed, its visual 

impact is minimal and the gas emissions are very low (Paulillo et al., 2020). Main 

potential environmental risks may affect water quality and usage and induced-

seismicity, but are deemed low (e.g., Rathnaweera et al., 2020; Zang et al., 2014).  

 Government priorities to transform the energy system into a sustainable and 

clean sector have to consider people’s perception of the new energy technologies being 

implemented. In fact, the successful implementation of this project will in part depend 

on local and regional social acceptance. It has been shown that lack of acceptance of 

and public resistance to the technology can hinder the implementation of renewable 

energy options (e.g., Benighaus & Bleicher, 2019; Kunze & Hertel, 2017; Temper et al., 

2020). The term social acceptance includes the acceptance by different actors involved. 

It requires the consideration of different drivers involved in the evaluation of the energy 

technology. Wüstenhagen and colleagues (2007) identified three dimensions of social 

acceptance named socio-political acceptance, market acceptance, and community 

acceptance. Socio-political acceptance could involve key stakeholders and policy actors 

while market acceptance refers to consumers and investors. The community acceptance 

includes local stakeholders, residents and local authorities. The present research work 

focused on the community acceptance level extended to the whole county residents (i.e., 
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Cornwall). As better explained in the next Chapters, this level of acceptance will also be 

considered at national level, in Scotland and Wales. 

 

1.2 Socio-psychological dimensions considered in the acceptance of energy 

technologies 

People generally recognise the importance of using sustainable energy sources and that 

efforts to develop advanced and sustainable energy technologies should be made. 

However, these environmental and energy security concerns are embedded in a complex 

situation and consequences in which locals are involved when large-scale energy 

technology is installed. This problem has been recognised as the “social gap” (Bell et 

al., 2005; 2013) between people’s general attitudes toward renewable projects and their 

responses when an energy technology is being implemented in their local environment. 

According to the authors, this gap implies the co-existence, within the same person, of 

support toward an energy technology and beliefs that some conditions have to be 

followed. The majority of people who support these technologies have thus reservations 

about some critical aspects of the technology, such as the impact on the landscape and 

the environment (e.g., Jones et al., 2010). The NIMBY (not in my back yard) motive has 

often been used as an explanation of such social gap. According to this view, public 

opposition occurs because individuals are selfish, primarily focused on their own 

interests and less concerned about the common good (see Burningham, 2000). Within 

this framework, which focuses on a cost-and-benefit rational analysis, individuals and 

the community involved suffer many more costs than non-locals (Wolsink & Devilee, 

2009). However, the use of the NIMBY concept as a framework for the study of social 

acceptance of facilities (e.g., wind farms) has been described as non-explanatory and 

perilous (Devine-Wright, 2005; Wolsink, 2006).  
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 Devine-Wright proposed an alternative partial explanation of the social 

acceptance of energy technologies, proposing a psychological framework of place 

change. The main point of his framework is that people will accept a new energy 

technology as long as they perceive that place changes are coherent with the 

characteristics of the place and their emotional bond with the place is not jeopardised 

(Devine-Wright, 2009). For example, the implementation of a wind farm may be 

interpreted as threatening the place-related positive distinctiveness. As a consequence, 

place-protective actions such as opposition to the development could occur as a public 

response. On the other end, energy technology could also enhance place-distinctiveness 

of local residents (Devine-Wright, 2010). Place attachment and place-identity are the 

two core constructs of this approach. Place attachment represents the emotional relation 

with a familiar environmental setting, a sense of safety and comfort derived from an 

affective and cognitive bond between the person and the setting (Altman & Low, 1992; 

Hidalgo & Hernandez, 2001). The concept of place identity has been described as a 

component of the individual’s self-identity, which derives from the relationship with the 

physical environment (Proshansky 1978; Proshansky et al., 1983). The space 

contributes to explaining how people think, feel and respond to their everyday life 

experiences in a certain way. Accordingly, space is not conceptualised as a neutral 

background in which people build their own identity. Instead, the person’s socialisation 

with the physical setting affects the development of a subjective sense of self along with 

the individual, interpersonal, and social group processes (Proshansky et al., 1983). An 

empirical study of public responses to an offshore wind farm in the UK showed that 

those with strong place attachment were inclined to negatively evaluate the wind project 

as a result of a perceived discrepancy between the natural environment of the proposed 

location and the industrial-scale technology (Devine-Wright et al., 2010). Finally, the 

authors emphasised how the symbolic meaning of place and the fit between place and 
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technology are socially constructed and stress the importance of adopting an approach 

that implies the social, rather than individualistic, dimension of acceptance of energy 

technologies. Bell et al. (2013) qualified those opposing to an energy technology for 

motivations related to the “specialness of their local place” (p. 125) as place-protectors.  

 More generally, people tend to evaluate the implementation of energy 

technologies more favourably when the perceived benefits are greater than the 

perceived costs (e.g., Perlaviciute & Steg, 2014). The extent to which specific benefits 

and costs are being considered by individuals, and their perceived importance, depends 

on the specific social, cultural, and economic context. Benefits should not be intended 

as a mere practical advantage such as a reduction in energy bills or payment 

compensation from energy developers. People may simply prefer public good to money 

(e.g., Mansfield et al., 2002). Instead, payment compensation could actually be 

counterproductive, decreasing the support for the facility (Ter Mors et al., 2012; 

Jørgensen et al., 2020), undermining intrinsic motivation (e.g., Frey et al., 1997) and 

being ineffective in the long term (Kaiser et al., 2020). Therefore, while a one-size-fits-

all solution is not appropriate, studies investigating public views on energy projects 

would benefit from a contextualised analysis and solution across different actors and 

groups. 

  The literature on the social side of renewable energy projects offers many 

suggestions on what psychosocial and contextual factors are mainly implicated in the 

acceptance and responses toward energy technology (e.g., Steg et al., 2021). Abstract 

goals or ideals that define what is generally important for people (i.e., values) act as a 

key principle that guide the evaluations and acceptability of renewable energies. In 

particular, stronger biospheric values (i.e., related to environmental concern) are 

associated with more importance ascribed to environmental consequences of energy 

technology implementation, and specifically with favourability toward renewable 
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energy alternatives. In turn, egoistic values are strongly associated with the importance 

given to the individual consequences, compared to environmental, of energy 

technologies, and with more favourability toward nuclear energy (Perlaviciute & Steg, 

2014; see also Sharpe et al., 2021). Research has extensively focused on public risk 

perception of energy technologies (see Siegrist & Árvai, 2020). In general, the higher 

the perceived environmental risks are, the less positively people evaluate an energy 

technology (e.g., de Groot et al., 2012). Studies on this topic varied according to the 

paradigms used such as the Psychometric Paradigm (Slovic 1987; Slovic et al., 2004) 

and the Cultural Theory of Risk (Douglas & Wildavsky, 1982). The ultimate common 

goal of these studies is to understand which factors determine the perceived risks of 

energy technologies. Studies have also emphasised the role of trust toward the parties 

involved in the technology implementation (e.g., Liu, 2020a; Whitfield et al., 2009) and 

of the distributive and procedural fairness of the decision-making processes (e.g., 

Devine-Wright & Sherry-Brennan, 2019; Gross, 2007; Liu et al., 2020b). Distributive 

fairness concerns the balance between the costs and benefits that people face. For 

example, they may perceive that the landscape of their place is ruined and that they are 

exposed to safety risks while other people in the country are only benefiting from the 

renewable energy without any annoyance. Procedural fairness implies the fairness of the 

decision-process which leads to the implementation of an energy project. That is, being 

involved in the process – having the opportunity to express opinions and be informed 

about the consequences and stage of the project.  

 Other main factors considered are knowledge (e.g., Stedman et al., 2016), past 

experience (e.g., Zanocco et al., 2021), and emotions (e.g., Ruiz et al., 2018). Other 

authors have also tested multi-factor behavioural models such as the theory of planned 

behaviour in the intention to use renewable energies (Liobikienė et al., 2021), the risk 

information seeking and processing model (Lu et al., 2021), and the technology 
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acceptance framework (Huijts et al., 2012, 2014). These will be only briefly presented 

below since the present research work focus more on the social dimensions of 

technology acceptance, which is not the main focus of these multi-factor models. 

However, these models further help to understand the complexity around renewable 

technologies acceptance, especially the work carried out by Huijts and colleagues. 

  Liobikienė et al., (2021) examined their model including different types of 

renewable energy technology. The authors used as indicators of the perceived 

behavioural control (i.e., how easy/difficult is using renewable energies) the 

development level of renewable energy in participants’ country and financial factors. 

They showed that these were the strongest predictors of the intention to use renewable 

energies among subjective norms (e.g., “My friends promote me to choose renewable 

energy”) and general attitude (e.g., “Renewable energy enhances the energy 

independency”). 

 Lu et al. (2021) built their model based on the RISP model (Griffin et al., 1999) 

and the theory of planned behaviour (Ajzen, 1991). The authors specifically examined 

their model considering deep geothermal energy in the USA. They tested a series of 

mediation paths on the outcome variable people’s information seeking behaviours (i.e., 

number of articles about geothermal energy that was read and length of reading time). 

The predictors included in the model concerned perceived uncertainty, perceived 

fairness, positive and negative affect, knowledge, the extent to which people perceived 

to need more information about the geothermal technology, informational subjective 

norm, and information engagement intentions. 

 The model proposed by Huijts and colleagues (2012) was examined in the 

acceptance of hydrogen fuel stations (2014). The authors used as outcome variables the 

intention to act against and in favour the fuel station (e.g., sign a petition). The 

mediation paths of the model involving the intention to act in favour (the “supporters”) 
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considered trust toward the municipality and the authorities, distributive fairness, 

environmental problem perception, negative and positive affect, perceived effects, 

outcome efficacy, subjective norm, perceived behavioural control, attitude, personal and 

subjective norm. While the mediation paths that considered the intention to act against 

(the “opponents”) included fewer variables consisting of trust in the industry and in 

municipality, distributive fairness, negative and positive affect, perceived effects, 

outcome efficacy, and personal norm. In both models, personal norm (e.g., “I would feel 

guilty if I did nothing to support/act against the hydrogen fuel station”) was the 

strongest predictor. 

 

1.3 Social processes in the environmental behaviours domain 

Consistently with the more general literature on pro-environmental behaviours (e.g., 

Bamberg & Möser, 2007), public acceptance and responses toward energy technology 

have been analysed considering mainly personal and interpersonal factors with only few 

exceptions, such as the aforementioned psychological framework of place change 

proposed by Devine-Wright. Therefore, the collective dimension toward 

environmentally relevant behaviour (e.g., renewable energy technologies acceptance, 

recycling behaviour) has been less investigated.  

 The role of social processes in the broader area of sustainable behaviours has 

mostly been studied focusing on social influence in terms of social norms (Cialdini, 

Kallgren, & Reno, 1991) or subjective norms (Ajzen, 1991; see Thøgersen, 2006). Such 

norms have been considered as an external imposed regulation or as a social pressure to 

think and act consistently with the norms because of an expected real or symbolic 

sanction or reward (Ajzen, 1988). This view appears to be consistent with a perspective 

that sees individuals as cognitively separated from others’ identities, meaning that when 

human motivation is influenced by social norms it tends to imply a shift from “what I 
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think” to “what is right or wrong to think according to significant others”. However, 

when adopting a social identity perspective, social norms are intrinsically part of 

people’s identities, making groundless a view of the social norms as external, seeing 

people “depersonalised” (Turner, 1982; Turner et al., 1987). Through the process of 

depersonalisation, individuals behave in line with their group beliefs, goals, motives and 

norms (see Jans & Fielding, 2018). Furthermore, a social identity approach would allow 

to capture other group processes behind people’s thoughts and behaviours, with no need 

to narrow the social dimensions down, focusing only on social norms. Individualistic 

models of pro-environmental behaviour have thus included social norms as one of the 

variables, among others, that influence environmental intentions and behaviours. For 

example, the Value Belief Norms Theory (VBN, Stern, 2000; Stern et al., 1999) 

included personal norms as internalised social norms consisting of a feeling of 

obligation to act in a certain way (Schwartz, 1977).  

 According to Ferguson and colleagues (2016), three core principles guide 

individualistic models: 1) motivations are driven generally by self-interest; 2) the 

internal motivations (e.g. values) which guide behaviours are relatively stable and fixed 

entities since people are resistant to behavioural changes; 3) social group processes are 

external, weak and unstable motivators in stimulating individual behaviour; this process 

is resistant to change since collective interests are overshadowed by self-interests. 

However, when considering social group processes, embracing a social identity 

approach (Tajfel & Turner, 1979; Turner, 1982, Turner et al., 1987; 1994) would enable 

to conceptualise reasons behind people’s motivations in a way that sees self-interest as 

important but only to the extent to which the social and environmental context makes a 

personal identity more salient. It is wise to consider that self-interest could potentially 

fit with a sustainable behaviour as long as it is important for the individual (e.g. a 

person with strong egoistic values might be inclined to avoid harmful environmental 
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behaviours for their own safety). Thus, when a social identity becomes salient, the 

shared collective interests give people direction and commitment that are as strong and 

internal as those guided by a personal identity (see Barth et al., 2021; Jans, 2021; 

Masson & Fritsche, 2021; Fritsche et al., 2018; van Zomeren, 2014). 

 In sum, although I recognise the importance of the valuable and fundamental 

individualistic perspective contribution, there is also a body of research that posits that 

shared collective perceptions provide people with direction and commitment (Fritsche 

et al., 2018). 

 

1.4 Summary of the research work 

Theoretical framework(s) inspired by Study 1 

The first study comprised a qualitative exploratory analysis using focus groups. This 

study aimed to understand which relevant socio-psychological factors were involved in 

the acceptance of the EGS. Both open and topic-based questions were used. The latter 

were grounded on a series of constructs that appeared to be relevant in the context of 

energy technologies’ acceptance and/or general pro-environmental behaviours. The 

group interviews were carried out among locals who were experiencing the 

implementation of the EGS near their villages (Cornwall, UK). Two distinct, but 

theoretically inextricable, paths were identified. The first path involved environmental 

concern, normative and collective efficacy beliefs in the acceptance of large-scale 

energy technologies. The second path concerned the relevance of social identity motives 

of distinctiveness, self-esteem, and continuity. The important roles of procedural 

fairness perception and risk perception in the acceptance of energy technologies, 

commonly highlighted by previous studies, were not confirmed in this study as key 

variables. More generally, this study indicated that the context of geothermal energy 
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technology implementation made the Cornish identity salient. This study set the final 

approach undertaken in the next pre-registered correlational studies.  

 

Summary of Study 2 

In the second study, the first path found in the qualitative study was examined in 

Cornwall. Moreover, after a careful review of the literature, the secondary social 

identity processes related to energy technology implementation were considered 

underrepresented. Therefore, this second study aimed to overcome this limitation. The 

SIMPEA model (Fritsche et al., 2018), offers a meaningful and rich explanation on how 

these secondary processes can be associated in the general field of pro-environmental 

behaviours. Therefore, an adapted version of this model was investigated in the specific 

context of social acceptance of geothermal technology in Cornwall. In particular, the 

relationships between appraisal of the environmental crisis from energy sources, 

positive and negative group-based emotions, descriptive norms, regional collective 

efficacy, and Cornish social identity were examined through structural equation 

modelling. Main results indicated that the sequential path from appraisal of the 

environmental crisis from energy sources, group-based positive emotions, to descriptive 

norms on social acceptance was supported. Looking at the coefficient magnitude of the 

bivariate correlations, the role of collective efficacy seemed equally important as the 

role of descriptive norms. However, multivariate analyses showed that including both 

group-based emotions and descriptive norms rendered the association of collective 

efficacy and social acceptance non-significant. Results also confirmed previous studies 

addressing the different role of social identity for different type of pro-environmental 

behaviours (Masson & Fritsche, 2014): in the context of low effort environmental 

behaviours, such as passive acceptance, the role of social identity might work better as a 

predictor rather than as a moderator. Nonetheless, the mediation path from ingroup 
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identification via descriptive norms and collective efficacy beliefs were also interpreted 

in light of Masson et al.’s (2016) study: accepting the geothermal energy technology 

might be seen as a positive attribute for the ingroup, which might have led to biased 

ingroup descriptive norms and efficacy beliefs. 

 

Summary of Study 3 

The third study was also based in Cornwall. I used a concise version of the motives of 

distinctiveness, self-esteem, and continuity represented by the construct of social 

identity violation (i.e., the perception that one’s social identity is violated by a decision 

outcome, Mayer et al., 2009). This study questioned the importance of procedural 

fairness when taking into account the role identity implications from energy technology 

implementation. Procedural fairness was measured at a group level using the construct 

of procedural justice climate (i.e., a group-level cognition about how fairly a group is 

treated procedurally as a whole). Moreover, this study investigated the role of group-

level autonomy (i.e., the perception that one’s own group is free to act autonomously 

according to one’s group values, Thomas et al., 2017) in predicting the social 

acceptance through procedural justice climate. This mediation was moderated by social 

identity violation. Results indicated that the more people perceived their social identity 

as violated, the stronger procedural justice climate positively predicted social 

acceptance, thus mitigating the negative effect of social identity violation on social 

acceptance. Follow-up analyses indicated that this result could be interpreted in light of 

the value-group model (Tyler et al., 1996): people’s need for self-esteem could be either 

satisfied by fair procedures or by positive identity features associated with the outcome 

decision (i.e., the implementation of the technology). This study also examined to what 

extent the group-level autonomy was associated with social acceptance through group 

members’ perceptions of the type of reasons that other members of their group may 
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have for accepting the energy technology (i.e., collective self-determined motivation, 

Thomas et al., 2017). Results of this path showed that when Cornish people’s 

acceptance was experienced as collectively self-determined, this fostered acceptance of 

geothermal energy.  

 

Summary of Study 4 

The fourth study was based on different country contexts. Rather than collecting 

responses from Cornwall (i.e., England, UK), where the geothermal technology was 

actually being implemented, this study focussed on Scotland and Wales. This was to 

overcome an important limitation found in the previous studies. The outcome variable 

social acceptance was negatively skewed as geothermal technology is strongly accepted 

in Cornwall. Note that data from previous studies were collected from different areas in 

Cornwall. Therefore, the high level of acceptance could not be explained with locals 

being particularly involved in the technology implementation. In fact, as reported in 

Study 2, there was no significant relationship between social acceptance and spatial 

proximity. This happened with both voluntary participants and paid participants. 

Consistently, the variable social identity violation was also positively skewed. 

Moreover, Scotland and Wales represent an ideal ground for understanding social 

identity dynamics based on country identity. Scottish and Welsh people have their own 

strong country identity, but they are part of a common superordinate category of 

“British citizen”, similarly to Cornish and British identity.  

 The objective of this fourth study was twofold. The first objective was the 

validation of novel constructs of support and threat toward group-level identity motives 

by testing the invariance of these measures across two groups. In fact, rather than 

relying on the construct of identity violation, as in Study 3, ad-hoc measures of threat 

and support were developed and tested to understand the association between perceived 
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threat and support of people’s social identity from energy technology implementation. 

Three first-order factors accounting for threat toward group-level identity motives of 

continuity, self-esteem, and distinctiveness and three first-order factors accounting for 

support toward group-level identity motives of continuity, self-esteem, and 

distinctiveness were generated and tested. The measurement invariance of these novel 

constructs was supported across the two groups (i.e., Scottish people and Welsh people) 

and across gender. The model structure was also compared against four different 

alternative models.  

 The second aim was to (i) examine the relationship between risk perception and 

four outcome variables at low and high levels of support toward group-level identity 

motives and (ii) to explore the possible role of perceived permeability of group 

boundary in mediating or moderating the relationship between threat toward group-level 

identity motives and the four outcome variables. In summary, results from the structural 

models showed that each support toward group-level identity motives weakened the 

effect of risk perception on collective action intentions and on the specific intention to 

protest against the technology. The role of perceived permeability of group boundaries 

was not supported as a mediator, nor as a moderator in subsequent analyses. However, 

its role was evident in interaction with perceived group relative deprivation. Finally, 

results indicated that among group-level identity motives, self-esteem motives generally 

explained a larger amount of variance of the outcome variables. 

 

1.5 Originality and contribution to knowledge  

No study to date has examined people’s opinion toward deep geothermal energy in the 

UK. The present research work fills this gap by examining relevant socio-psychological 

variables in a real-world context where the geothermal technology was being 

implemented (Cornwall) and in other two countries in the UK where the technology was 
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not being implemented (Scotland and Wales). In both contexts, the geothermal 

technology was generally accepted. 

 In contrast to earlier findings, the first study highlighted that generalisability of 

the importance given to factors commonly used to explain public acceptance toward 

large-scale energy technologies with severe safety risks - such as risk perception and the 

perceived fairness of the decision-making processes - should be interpreted with caution 

in light of shared rules within each community and symbolic meanings associated with 

the technology.  

 Firstly, the belief that environmental problems are an urgent problem contributes 

to the formation of social norms about the extent to which communities should host a 

large-scale energy technology in their territory. In this sense, prior work on the role of 

community shared rules in the field of public acceptance of large-scale energy 

technologies was expanded (e.g., Wang et al., 2021). Moreover, previous experiences 

with energy projects could generate beliefs on the extent to which large-scale renewable 

energies could successfully be managed in people’s environment. This level of 

collective efficacy belief had not been considered in previous studies.  

 Secondly, the symbolic meaning associated with the implementation of energy 

technologies could possibly determine the acceptability of this type of energy 

technology. Indeed, previous studies have shown that place-related meanings associated 

with implementation of new energy technologies play an important role in people’s 

acceptance of these technologies. However, these studies analysed less risky 

environmental threats (Bonaiuto et al., 1996), with few studies examining identity 

dynamics and important environmental and safety risks (e.g., De Dominicis et al., 

2015). Other studies have focused more on inconsistencies between energy projects and 

place features concerning low-risk types of energy technology (i.e., wind farms, power 

lines; e.g., Devine-Wright & Batel, 2017). Instead, the focus of this study was not on 
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place-related aspects, and therefore on place identity or place attachment, but rather on 

county and national social identities. Either perspective has advantages. As Twigger-

Ross et al. (2003) pointed out: “[...] the difference between social identity and 

identification with place is only a difference of emphasis [...]” (p. 227). As discussed in 

Study 1, the way in which participants discussed their experience with the 

implementation of the geothermal technology seemed more salient for social identity 

aspects than place identity. Therefore, this study, as well as the quantitative studies of 

the present research work, discussed the constructs of interest referring to the county 

and national level of social identity. Indeed, the present research context is a unique 

opportunity to analyse identity processes. EGS could eventually induce seismic events 

large in magnitude, although the probability is low. Furthermore, large-scale disasters 

from this technology (i.e., seismic events) happened in other countries (e.g., Häringa et 

al., 2018; Kim et al., 2018), and human-induced disasters are usually perceived more 

negatively than natural hazards (McComas et al., 2016).  

 The second study tested, for the first time, an adapted version of the SIMPEA 

model (Fritsche et al., 2018) in the context of energy technology acceptance. Other than 

expanding on prior limited work on social descriptive norms in the field of public 

acceptance of large-scale energy technologies (e.g., Wang et al., 2021), this study also 

expanded the limited evidence of the effect of group-level emotions (Harth et al., 2013). 

Furthermore, a novel concept of county-level collective efficacy beliefs was 

operationalised for the specific context of energy technology acceptance. This collective 

efficacy belief was defined as the belief in the ingroup ability to successfully manage 

and achieve its goals in renewables. Another novelty associated with this study 

concerned the covariate that took into account the extent to which one sees one’s 

ingroup as a type of group which acts in an environmentally-friendly way. To date, this 

variable has only been analysed at an individual-level, as “the extent to which you see 



 17 

yourself as a type of person who acts environmentally-friendly” (Van der Werff et al., 

2014, p. 56). 

 The third study examined, for the first time, a series of group-level cognitions in 

the context of energy technology acceptance: the perception that one’s own group is 

free to act autonomously, the perception that one’s own group is procedurally treated in 

a fair manner, the perception of the reasons why others in the ingroup may accept the 

energy technology, and the extent to which individuals perceive the energy technology 

as something that violates their county-level social identity. In particular, this study 

shed light on the boundary conditions of fairness perceptions showing that when the 

technology is not violating people’s social identity, the role of fairness perception on 

individual acceptance is less important. This study also contributes to a recent 

theorisation that sees intrinsic motivations as something that could also be experienced 

at a collective level (Thomas et al., 2017). 

 The fourth study took a further step in understanding social identity primary 

processes in the acceptance and collective actions toward the EGS. Novel measures that 

account for support and threat toward group-level identity motives from energy 

technologies were developed and tested. These measures were then used to expand our 

knowledge on the interplay between risk perception and identity dynamics. This study 

has advanced our knowledge on how this interplay could be differently explained 

depending on (i) type of group-level identity motives considered and (ii) type of 

outcome variables, such as general collective action intentions to act against the 

technology, intention to protest against the technology, social acceptance, and collective 

action intentions to act in favour of the technology. Lastly, the fourth study examined, 

for the first time, the effect of threat toward group-level self-esteem motives on the 

intention to protest against the EGS depending on (i) level of perceived permeability of 

group boundaries and on (ii) the level of perceived group relative deprivation.  



 18 

Chapter 2 – Study 1 

 

 

Exploring attitudes toward social acceptance of the first deep geothermal 

technology in the UK: a qualitative study. 

 

Abstract 

The first deep geothermal power plant in the UK is being developed in Cornwall (UK). 

This study focuses on the social acceptance of this technology in Cornwall, recognising 

that a lack of acceptance of and public resistance to the technology has elsewhere 

hindered the implementation of renewable energy options such as geothermal energy. In 

order to understand why and how Cornish residents might accept this geothermal 

energy technology, the present study aims to consider psychosocial processes. Adopting 

a qualitative approach, four focus groups were carried out to elicit participants' opinions 

about the technology. Based on social identity theories, people’s perceptions toward the 

technology in the present study were interpreted as the result of collectively shared 

interpretations within the community involved in the geothermal project. This approach 

provided a deep understanding of locals’ feelings, opinions and concerns. Among other 

results, there was a general positive evaluation toward the technology. For example, the 

positive community interpretations were linked to their past long historical tradition of 

Cornish hard-rock miners. However, perceived unfairness of the decision-making 

procedures adopted by actors responsible for the project led to a general discontent 

among locals. As every social context in which a geothermal energy is installed is 

unique, a deep analysis of each case is required to understand the role of the social 

processes and how those processes could be used for the acceptance of geothermal 

energy. 

 



 19 

2.1 Introduction 

Acceptability of geothermal energy on national and local levels has mostly been studied 

through case studies and the literature is limited. Some studies have also focused on 

how geothermal energy is portrayed in the media (Romanach et al., 2015; Rochyadi-

Reetz et al., 2019; Stauffacher et al., 2015) and on the acceptance of other stakeholders 

involved in a geothermal project such as developers, hot spring inn managers, tourism 

operators, and local government officials (Kubota et al., 2013; Sæþórsdóttir & Hall, 

2019). No studies to date have focused on the general public’s opinion toward 

geothermal energy in the UK. Therefore, the present study aimed at understanding 

public opinion toward the geothermal energy in general, and in the specific context of 

the United Down Deep Geothermal Project in Cornwall. The aim was to understand 

residents’ thoughts and feelings toward the new geothermal energy technology to be 

implemented in people’s villages or the villages near the technology site. In particular, I 

wanted to investigate which relevant factors were having an impact on these thoughts 

and were generally salient when expressing opinions toward the technology. Factors 

refer to socio-psychological constructs and any other relevant contextual element. These 

aims were accomplished by using a qualitative approach based on focus-group 

interviews. Prior to the group discussion interviews, a review of the literature about 

studies carried out elsewhere on people’s view of geothermal energy was carried out. 

The goal of this review was to explore those studies examining any relevant aspects that 

would have helped answering my preliminary and general research question: what do 

people think about geothermal energy outside the UK? 

 

2.2 Public view of geothermal energy: a review of the literature 

Due to the limited literature on this subject, the review took into account any study 

investigating geothermal energy public views in general, not only those specifically 
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referring to deep geothermal. The only exclusion criterion was year of publication (I 

included articles only from 2011 onwards).  

 The search terms were: “geothermal” AND “acceptance”; “geothermal” AND 

“public view”; “geothermal” AND “attitude”; “geothermal” AND “belief”; 

“geothermal” AND “perception”; “geothermal” AND “controversy”; “geothermal” 

AND “public engagement”; “geothermal” AND “communication”. The search term 

“geothermal” was also searched in specific journals relevant in the field of public 

understanding of renewable energies and environmental behaviours: Energy Policy; 

Energy Research & Social Science; Journal of Environmental Psychology. Google 

Scholar and Web of Science were used as search engines. 

 A total of 30 research articles which focused on the broad topic of what people 

think about geothermal energy technology were found, using different perspectives. 

Results are mainly presented according to the sample population’s country of origin to 

avoid generalisation due to the specific social contexts of the technology 

implementation site. This summary does not intend to be exhaustive, many studies 

reviewed also analysed other factors related to public views on geothermal energy that 

are not discussed in the present review. It aimed instead to offer insights on which main 

social and contextual factors studies on geothermal public views have focused on so far. 

 In Australia, Dowd and colleagues (2011) explored people’s perceptions of 

geothermal energy by conducting five workshops, in five different cities. Results 

showed that people’s support for geothermal energy was on average higher than for 

coal, oil, bio-fuels and nuclear but lower than other resources such as wave/tidal and 

solar. Participants reported a lower level of knowledge compared to other energy 

sources (biofuel, CCS, coal, hydro, natural gases, nuclear, oil, solar wave/tidal, wind). 

During the workshop people expressed their concerns about geothermal energy, where 

water usage and seismic activity were reported as the main perceived issues. Dowd et 
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al.’s study is consistent with other studies comparing people’s support of different 

energy technologies. For example, examining people’s perceptions of nearby climate 

projects implementation in the US, Hart et al. (2015) found that support for geothermal 

energy was statistically lower compared to wind power. Interestingly, people’s support 

did not change depending on physical proximity to the project site in any of the type of 

projects being considered in their study. However, Baek and colleagues (2021) showed 

that favourability toward energy sources for power generation, including geothermal, 

was significantly higher at the national level compared to local level in Korea. It is 

important to mention that locals had experienced an episode of “triggered earthquake”, 

likely due to water injections from the geothermal technology. Therefore, this previous 

experience may have exacerbated the difference in preference for energy technologies 

between locals and non-locals. Consistently, mainly due to higher risk perception about 

induced seismicity, remote areas seem to be preferred over urban areas for potential 

geothermal technology sites in Switzerland and Germany (Knoblauch et al., 2019) as 

well as in Australia (Carr-Cornish & Romanach, 2014). Previous negative experience 

with a pilot geothermal power plant in Milos Island also negatively influenced the 

acceptance of geothermal power generation in Greece (Karytsas et al., 2019). This 

population also felt that their opinions did not matter and lack of trust in risk 

management was present. This lack of fair decision-making procedures perception 

might further have undermined the acceptability of the geothermal power station 

(McComas et al., 2016). It was also shown that perceived risks associated with deep 

geothermal energy could influence affective responses toward shallow geothermal 

projects (Cousse et al., 2021). Previous negative, direct or indirect, experiences with 

similar projects could therefore be negatively associated reactions toward new 

technologies, a process that has been recently named “controversy spillover” (Cuppen et 

al., 2020) or more commonly “spillover effect” in the general social science framework. 
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However, people’s experience could also have a positive impact on their view of 

geothermal energy, for example, it was shown that past environmental behaviours were 

positively associated with level of knowledge of geothermal energy (Karytsas & 

Theodoropoulou, 2014). Analysing perceptions of locals that had direct experiences 

with geothermal power plant infrastructures in Philippines, Gabo-Ratio & Fujimitsu 

(2020) showed that the perceived environmental concerns mostly referred to air and 

noise pollution, while the most referred risks were earthquake and agricultural damages.  

 In Italy, Pellizzone and colleagues (2015) found a lack of knowledge toward 

geothermal energy and high levels of uncertainty. People were unable to identify pros 

and cons of geothermal energy, declaring a need for more information. The authors also 

found a lack of trust in politics, developers and transparency of public institutions 

related to the acceptability of geothermal (Pellizzone et al., 2017). In the same study, 

environmental concerns related to water contamination and earthquakes emerged, and 

57% of the respondents (N = 400) thought that geothermal technology would be very 

hazardous.  

 In a Chilean study, geothermal energy was not well understood and there was a 

general negative attitude among locals. People expressed difficulty in understanding 

how geothermal technology works and claimed that only once an energy project is 

already approved, companies would start communicating with them about the project 

(Payera, 2018). The result from Payera’s case study diverged from a more recent study 

(Balzan-Alzate et al., 2021) examining social acceptance from a well-educated sample 

in Chile, where the level of social acceptance was the highest compared to four other 

countries considered (Canada, Colombia, Belgium, and France). In the same study, 

Chile also had the highest level of knowledge about the geothermal energy compared to 

the other four countries, which is in contrast with the level of knowledge reported in 

Payera’s study. This last difference might help to explain the differences in the level of 
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acceptance. In fact, a negative correlation between level of knowledge and preferences 

for geothermal power plants was reported elsewhere (Baek et al., 2021). It has also been 

shown that the more people know about geothermal systems, the more they are willing 

to expand their knowledge (Lu et al., 2021).  

 A study carried out in in Çanakkale (Turkey), showed that most people 

associated geothermal with a renewable and natural type of energy source, however the 

majority of participants thought that geothermal resources were unnecessary (Çetiner et 

al., 2016). Investigating Istanbul residents’ understanding of clean energy, Erbil (2011) 

found that participants erroneously ranked natural gas as cleaner than geothermal 

energy, showing lack of knowledge. In turn, wind and solar were ranked as the cleanest 

sources of energy among natural gas, hydraulic, geothermal, hydrogen, biomass/biogas, 

coal, and petroleum. Partially confirming Erbil’s study, wind and solar energy were 

ranked as the most environmentally-friendly energy sources in Greece, but geothermal 

energy was ranked as more environmentally-friendly than natural gas (Tampakis et al., 

2013). Another study carried out in Greece showed that locals of Skyros island had a 

more positive attitude toward solar, wind and geothermal energy, compared to coal and 

nuclear (Petrakopoulou, 2017).   

 There are mixed results for what concerns pro-environmental beliefs and 

orientation (measured using the NEP, New Ecological Paradigm; Dunlap et al., 2000) 

associated with geothermal energy. It has been shown that pro-environmental beliefs are 

positively associated with wind and solar but not with geothermal across Australians 

(Hobman & Ashworth, 2013). Differently, Steel at al.’s (2015) study results, based on 

samples in Oregon and Washington (US), indicated that those with higher scores on the 

NEP scale (i.e., more pro-environmental beliefs) were more supportive of government 

promotion of geothermal energy compared to those with lower scores. 
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 Nowadays, geothermal energy is the less supported energy source among wind, 

hydropower, and solar energy in Switzerland (Stadelmann-Steffen & Dermont, 2021). 

Environmental aspects and community safety have been indicated as the most 

prominent issues to consider in the acceptance of geothermal energy in Canada, 

Colombia, Chile, Belgium, and France (Balzan-Alzate et al., 2021; see also Malo et al., 

2019).  

 Earthquakes specifically attributed to underground energy extraction technology 

processes, compared to those linked with naturally occurring cases, are associated with 

more negative affective reactions (McComas et al., 2016). Experimentally manipulating 

risk communication of deep geothermal energy and shale gas Knoblauch et al. (2018) 

found, among other results, that people tended to evaluate identical risks differently 

depending on the technology type to which the risks were associated. In particular, risks 

associated with deep geothermal were evaluated as less concerning compared to the 

same risks linked to shale gas. 

 Some studies have also highlighted the importance of an efficient 

communication strategy from the actors responsible for a geothermal project, for a 

positive public view of geothermal energy to emerge (e.g., Gross, 2013; Meller et al., 

2018; Yasukawaa et al., 2018; Knoblauch et al., 2018).  

 In summary, the literature on geothermal energy technologies acceptance is 

mostly descriptive, and a coherent theoretical framework is missing. People’s risk 

perception has been the core topic overall, which has led to a “limited risk perception 

focus”, as was pointed out by Chavot et al. (2018). People’s knowledge of geothermal 

energy is generally low, unless a well-educated sample is considered, which is not 

surprising considering the complexity of such type of energy extraction procedures. 

Support toward the implementation of geothermal energy projects is usually lower than 

for other renewable projects such as for wind and solar, but higher than for non-



 25 

renewable energy sources (e.g., coil and gas). Past negative experiences with similar 

projects seem to play a key role in people’s level of acceptance, and for perceived risks, 

toward the geothermal energy. Finally, perception of fair decision-making procedures 

from the authorities responsible for the implementation of geothermal projects seems to 

also play a key role in public acceptance of geothermal energy and projects.  

 The present study aimed to describe people’s real-word experience with deep 

geothermal energy in the UK by identifying positive and negative evaluations and 

feelings toward the technology. The ultimate goal was to identify relevant psychosocial 

dimensions to consider for community-based social acceptance of deep geothermal 

energy. Based on these aims, two main research questions were identified:  

 1) Which psychosocial dimensions and which contents of these dimensions 

should be considered in the specific context of deep geothermal energy in Cornwall?  

 2) Which public concerns and project-related dimensions about deep geothermal 

energy policymakers and developers should be considered for communication and 

public engagement in Cornwall? 

 

2.3 Method 

In order to understand what people think about geothermal energy technology in 

Cornwall a qualitative study was designed. The study was carried out in May 2018, a 

few months before the drilling start date of the geothermal technology. For participant 

recruitment, study flyers were posted around the main villages close to the technology 

site and advertised on social media. Sample size (i.e., sample adequacy, Bowen, 2008) 

was not determined a priori; a saturation method was used. This method consisted of 

collecting data until no further novel insights and issues emerged from the interviews 

(Bryant & Charmaz, 2007; Hennink et al., 2017). After the third focus group, a 

preliminary data analysis was conducted. Results revealed that participants’ opinions 
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started to be redundant, therefore it was decided that one more focus group would be 

sufficient for answering the research questions. Data gathered from the last, fourth, 

focus group confirmed that the data was sufficient to fully explore the research 

questions. 

 The study included four focus group discussions, lasting approximately 90 

minutes. Two of them were pre-existing groups (participants already knew each other) 

and the other two were new groups. A total of 33 participants were recruited, with age 

ranging from 42 to 85 (M = 66.2; SD = 8.7, 17 were male). Nine participants had a 

university degree, three preferred to not disclosed this information, the others attended 

middle school. Discussions were conducted at facilities in Redruth, Gwennap and 

Chacewater (Cornwall, UK) by myself, assisted by the third PhD supervisor. 

Participants were offered a £10 Amazon voucher. All discussions were video recorded 

and transcribed verbatim. Within the R software environment, a qualitative data analysis 

library RQDA (Huang, 2016) was used to assist the coding and the thematic process. 

 

2.3.1 Focus group discussions: epistemological approach and design 

The semi-structured interview schedule for the focus groups was based on the study 

aims and existing literature. I did not include specific words (e.g., “risks” and 

“earthquake”) in either semi-structured interview or follow-up questions, to avoid 

triggering non-spontaneous reactions and responses.  

 The group interview comprised of two main parts. In the first part, I adopted a 

more inductive approach, and questions were deliberatively vague to allow content 

related to geothermal energy technology to emerge freely. Using open questions, I 

started to explore group views on global and national energy security issues (e.g., What 

do you think about UK’s future energy supply?) and on renewable energy sources (e.g., 

What can you tell me about renewable energies?). Then, participants were led to discuss 
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geothermal energy (e.g., What comes to mind about geothermal energy and geothermal 

technologies?).  

 The second part of the semi-structured group interview was designed to shift the 

discussion into specific topics. The questions were grounded on a series of constructs 

that appeared to be relevant in the context of energy technologies’ acceptance and/or 

general pro-environmental behaviours, as reviewed in Chapter 1 (see Table 1).  

 

Table 1 

Pre-structured topic-based group-interviews questions 

Constructs Interview questions 

Emotional aspects 

Ruiz et al., 2018; Midden & Huijts, 2009. 

1) How do you feel thinking about this project?  

2) What are your general feelings? For example, 

some people feel scared or happy when they are 

involved in this type of project. 

3) What do you think your feeling would be 

during the drilling process? And what about the 

heat extraction process? Why? 

Symbolic aspects 

Steg, 2005; Dittmar, 1992; Noppers et al., 2015. 

4) Having the geothermal technology in your 

county – is that something that can influence the 

image that you have of yourself, of your 

community and of Cornwall? 

Norms and motivations 

Cialdini et al., 1991; Cialdini & Goldstein, 

2004; Ryan & Deci, 2000 

5) What do you think community opinions 

around you are about the geothermal project? 

6) Is it something that is approved or 

disapproved? (and for the Cornwall? For the 

UK?) 

7) Why others in Cornwall would approve or 

disapprove? 

Procedural justice 

Schuitema et al., 2011; Lind & Tyler, 1988; 

Marques et al., 2015. 

8) In which case do you perceive a project as 

fair? 

9) What do you think about the fairness of the 

decision process that led to the implementation 

of the geothermal technology? 

Cornish identity  

Tajfel & Turner, 1979; Turner et al., 1987. 

10) How would you describe, briefly, Cornwall 

to a stranger? 

11) What characteristics people from Cornwall 

and from other counties in UK have in common 

and what not? (some cultural aspect?)  

 

 I used these constructs as stimuli to facilitate the group discussions, and then 

extracted themes that could be related or not to the constructs themselves. In this sense, 
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my approach took advantage of both deductive and inductive based strategies, using an 

interplay between theory and data (see Taylor, 2018). Thus, the present study aimed to 

go beyond the simple illustration of preselected social theories within a specific context 

(Blaikie, 2010), with the final goal to provide a deep meaningful interpretation of how 

people in Cornwall were experiencing the implementation of the geothermal energy and 

related motivations to accept or not accept such technology. This pragmatist approach, 

defined as abductive (Dubois & Gadde, 2002, 2014; Reichertz, 2019), is useful in those 

cases where the phenomena or objects of study have a background in the literature, but 

the researcher is prepared to acknowledge unexpected new perspectives (Timmermans 

& Tavory, 2012). “Abductive inferencing is, rather, an attitude towards data and 

towards one’s own knowledge: data are to be taken seriously, and the validity of 

previously developed knowledge is to be questioned” (Reichertz, 2019, p. 9). The main 

steps of an abductive analysis consist of “Mnemonics”, “Defamiliarisation”, and 

“Revisiting Observations” (Timmermans & Tavory, 2014). The first regards the data 

familiarisation process. In order to avoid biased memories when interpreting the 

interviews, the researcher is invited to transcribe verbatim the interviews, whenever 

possible, to then proceed with the coding process. The second step, defamiliarisation, 

allows the researcher to not take the first interpretations for granted, based on pre-

existing theories and ideas. In the third step, researchers should take some time to re-

examine the data in different theoretical ways. 

 The context in which the data collection occurs is another critical aspect of the 

abductive approach, as researchers inevitably co-produce participants’ ideas toward 

reality (Reichertz, 2019). Moreover, within qualitative research methods, the time frame 

in which the researcher analyses the data (i.e., shifts in the socio-historical context) can 

potentially affect how the researcher makes sense of the empirical data (e.g., Distinto & 



 29 

Priola, 2021). The main results of the present study were, therefore, written not later 

than five months from the last focus group discussion for consistency purposes.  

 Throughout the coding process, I identified recurring themes across the four 

groups (Braun & Clarke, 2006). In the abductive approach, it is recognised that more 

than one interpretation of data is possible (see Lipscomb, 2012). Therefore, intercoder 

reliability (ICR) was not calculated for the initial coding frame. ICR is certainly a useful 

numerical measure of agreement, offering numerous advantages for the rigor and 

transparency of the study. However, the choice to use numerical computations in 

qualitative research has been subject of numerous controversies for the lack of fit with 

the interpretative nature of the qualitative research (e.g., Braun & Clarke, 2013; Madill 

et al., 2000). The ICR was substituted with interactive discussions between coders. 

After completing the three steps of the abductive approach, the results were shared with 

the colleague that assisted the group discussions. Through discussions and debate, an 

agreement on the final main themes was reached. Importantly, the first coder has a 

background in social psychology while the second coder has expertise in the field of 

geology and geology communication. The second coder’s evaluation was less informed 

by socio-psychological theories and more pragmatic in investigating the contents of the 

group discussions. Following, two more colleagues, with expertise in social psychology 

and geology communication respectively, reviewed the identified themes agreeing with 

the interpretations. 

 

2.4 Results 

The initial coding scheme mainly differentiated between positive and negative features 

associated with geothermal energy. These were then divided into more specific codes 

such as “first geothermal impressions”, “values”, “past”, “future” “identity aspects”, 

“other renewable energies”, “environmental concern”, “living in Cornwall”. From the 
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coding scheme, six main themes were identified in the group discussions. Even if focus 

groups were used, the quotes did not include interactions between participants. 

Therefore, quotations from single individuals are reported instead because these were 

the most efficient and effectives ways to achieve the study’s aims (see Morgan, 2010, 

for a discussion into the topic). Participant names are invented to protect their 

anonymity.  

 

2.4.1 Theme 1: “Short term costs...have to be accepted” 

In line with other studies (e.g., Pellizzone et al., 2017), most participants were confused 

about the technical features of the geothermal technology. However, they were aware of 

the magnitude of the geothermal project in general and of the advanced technology 

being used. Participants defined themselves as mainly supporters of the project, still 

maintaining some reservations, for example: 

 

 “I think it’s going to be enormously, I mean, overall beneficial to the environment. 

Obviously, there will be a certain amount of energy used in drilling it, but that’s 

peanuts compared to what can come out. Certain amount of traffic movements and 

things coming and going, but it’s nothing compared to all the benefits, the net benefit to 

the environment” (Harry, FG 1).  

 

 The perceived disadvantages of the geothermal technology concerned noise 

from the drilling process, the disruption of the underground, high economic costs, and 

possible knock-on effects for the environment over the years. These concerns emerged 

only when the moderator specifically asked participants to indicate the perceived “costs 

and disadvantages” related to geothermal technology. In fact, during the first phase of 

the interview (i.e., when questions were very general) participants did not mention any 

of these possible disadvantages. In general, as the following extract shows, participants 

did not express a consistent concern:  
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“So the advantages from my perspective, the long term advantage is immense that the 

short term cost and infrastructure issues have to be accepted” (Anne, FG 4).  

 

 Referring to the general topic of “renewable energy”, participants highlighted 

the importance of investing in such energies because environmental problems are urgent 

to solve. According to them, some discomforts have to be tolerated by those living near 

renewable energies projects. However, they also reported that some limits must be 

respected, as renewable energies should not harm both environment and humans’ lives, 

for example:  

 

“Well, we all think we would all support renewable energy if it was viable and not 

damaging” (Kevin, FG 3).  

 

 The above statement is in line with the ‘Qualified Support’ explanation offered 

by Bell and colleagues (2005): “[people] believe that wind energy is a good idea, but 

they also believe that there are general limits and controls that should be placed on its 

development” (p. 463). In fact, people generally recognise the importance of using 

sustainable energy sources and that efforts to develop advanced and sustainable energy 

technologies should be made. However, these environmental and energy security 

concerns are embedded in a complex situation and consequences in which locals are 

involved whenever a large-scale energy technology is installed.  

 

2.4.2 Theme 2: “It’s [...] exciting, but at some point [...] we are left with nothing again.” 

Negative emotions were frequently linked to past experiences with other energy projects 

which were perceived by participants as unsuccessful. A feeling of frustration was 

expressed in regards to the Wave Hub project, the St. Mary project and a “Solar 

project”.  
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“It’s all going to happen, exciting, but at some point are they going to say, “Well, we’re 

not getting what we wanted.” […] we’re left with nothing again; [referring to the Wave 

Hub project] But if they do the same with the drilling, you think of all that disruption, 

the noise, the mess, you know, and expense, they don’t actually see it through ‘til the 

end, which, you know, it all is a possibility. (Elsie, FG 3) 

 

“And then we were all excited about the Wave Hub, weren’t we?  That’s there but 

nobody’s taken it up! [...] It’s like the same with the solar panels” (Alice, FG 3).  

 

 Due to previous negative experiences with energy projects, Noah assumed a 

scenario where the geothermal project fails: 

“Yeah, it just seems a shame just to, it’s such a shame to chuck so much money at it in 

three years and then say: - Well, it isn’t going to work, pack it up -” (Noah, FG 1).   

 

“There’s so much other forces out there, but it just doesn’t seem to be working very 

well.  You know, we’ve thrown millions of pounds into the Wave Hub project and we 

can’t get the extension lead to stay on the floor” (Paul, FG 1). 

 

“There's still no wave ... wave power is obviously a very difficult because no one seems 

to be able to manage it” (William, FG 4); “It's such a lost opportunity!” (Mia, FG 4);  

 

“A couple of years ago there was, [energy supplier] were offering, and they have done 

it, to install solar panels on the roof of people’s houses. But they spent literally months 

and months and months trying to get that through local government, central 

government.  And at every stage up to a certain point they were dropped.  Now, I don’t 

understand that at all!” (Oliver, FG 2) 

 

 These discussion extracts seem to converge on the idea that renewable energy 

projects were perceived to be lacking successful management in their county. Thus, the 

negative past experiences associated with energy projects might have undermined the 

perceived efficacy toward the successful implementation of renewable energy projects 

in their own county, such as the new geothermal energy project. Feeling of efficacy on 

the acceptance of large-scale energy technology has received little attention in past 

studies. For example, Huijts et al. (2014) measured efficacy perception in the field of 

energy technology acceptance as the belief that the technology will reduce energy 

problems. In the present study, the efficacy perception seemed to be related to the belief 

that energy technologies are successful implemented in people’s county. Trust toward 
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external authorities such as the geothermal company seemed to not be compromised, 

these authorities actually seemed the most trusted among the different level of 

authorities involved (e.g., Parish Council, Cornwall Council, Environmental agency). 

The following extract explains why participants felt confident toward the energy 

company: 

 

“[...] they’ve got to put their own money in so I always think it’s like, you know, fly with 

the pilot, the pilot wants to go home that night so that’s why I always trust a pilot 

because he’s got to drive that plane as best as he possibly can because actually he’s at 

the front, he’ll probably die quicker than most of us. And on something like that, if 

they’re putting their own company money in and they’re willing to stand there and put 

their hand up and say, ‘We’re taking the hit if it goes wrong’” (Mike, FG 1). 

 

 At the same time, participants also declared to generally trust the other 

authorities involved, especially the local Parish Council, keeping some reservations for 

the Cornwall Council:  

 

“I wouldn’t say I don’t trust them [the Cornwall Council], I don’t trust their ability” 

(Alice, FG 3). 

 

 One interpretation could be that participants mainly felt a type of competence-

based trust toward the energy company, and a type of integrity-based trust toward local 

and regional councils. The first focuses on trust in the performance and expertise, the 

second refers to trust in the honesty and reliability (van Prooijen, 2019).  

 

2.4.3 Theme 3: “Our mining heritage to the next...generation” 

The salience of Cornish identity played a key role in the evaluation of the deep 

geothermal energy in Cornwall. Spontaneous opinions regarding the connection 

between Cornish miners and geothermal energy emerged (no specific question about the 

mining history were asked that could have primed these answers). For example, some 

participants stated:  
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“I think the interesting thing for me is that there is a huge history of innovation, and you 

know that encompasses from, you know, the industrial revolution in mining and all the 

rest of it which essentially started here.  And it’s been carried on ever since.  And that’s 

why I like the idea of creating this technology.” (Luke, FG 1); 

 

 “[…] this [the geothermal project] takes our mining heritage to the next ...generation, 

doesn’t it? This is where we come from and this is where we're going” (Helen, FG 3); 

 

“I see links […] with the, you know, the previous wealthy mining industry and then, you 

know, things going full cycle” (Carl, FG 2). 

 

 These participants interpreted the geothermal project as consistent with 

community members’ identities, maintaining the historical continuity with the past. I 

interpreted this theme as connected with the concept of collective continuity relative to 

participants’ regional identity (Sani et al., 2007; Smeekes & Verkuyten, 2015; Vignoles 

et al., 2006). Groups’ historical and cultural past has, in fact, helped to give meaning to 

the undergoing lived experiences and changes, attributing a positive valence to these 

changes. The sense of continuity has been described as a psychological need, which 

motivates people’s identification with groups and influences psychological well-being 

(Sani et al., 2008; Vignoles et al., 2011) providing existential security (Sani et al., 

2009). Conversely, when people’s sense of continuity is being threatened, in-group 

protectionism coping mechanisms and opposition (Smeekes & Verkuyten, 2013), as 

well as group action (Breakwell, 1986), are likely to emerge. Importantly, people’s 

sense of continuity is reported as referring to a positive attribute of their ancestors. In 

fact, the Cornish were considered among the best miners in the whole world. During the 

eighteenth and early nineteenth century, Cornwall had the most important mining 

industry in the UK, supplying tin and copper all over the world (Nuvolari, 2004). The 

Cornish rocks, together with the high specialised Cornish miners, used to be a matter of 

pride in Cornwall. The geothermal energy extraction is, as well, made possible by a 

particular type of rock, granite. Considering the long historical tradition of Cornish 

hard-rock miners, the geothermal technology reminded people of typical Cornish 
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prototypes, prompting positive attributes of the Cornish Identity. The supportive role of 

the geothermal technology on people’s sense of collective continuity might be, in turn, 

related to people’s need for meaning which reduces the sense of uncertain about who 

they are, how to feel and behave (Hogg, 2000).  

 

2.4.4 Theme 4: “Cornwall pioneering the way again, showing the world how to do it” 

Similar to previous finding for a tidal energy project (Devine-Wright, 2011), the 

geothermal project was described as a matter of pride for Cornwall, and a project with 

characteristics that allowed Cornwall to stand out from the rest of England. Talking 

about the geothermal project, Rose states:  

 

“There are other places in the country.  So, you know, maybe it will be something that 

we can pioneer in Cornwall.” (Rose, FG 3). 

 

Consistently, Alex expressed a community sense of proudness:  

 

“And so I think we might be quite proud of geothermal” (Alex, FG 2). 

 

In the same group discussion, Victoria pointed out:  

 

“It would be lovely, wouldn't it?  […] something unique to Cornwall.” (Victoria, FG 2).  

 

 The concept of “uniqueness” and the sense of proudness applied to the context 

of the geothermal project was also pointed out in the other group discussions, for 

example:  

 

“It would be an example, wouldn't it, of Cornwall pioneering the way again, showing 

the world how to do it […] And having that pride in community as well, isn't it?  Saying, 

“Look,” you know, “this is a project that's working for us. [...] You know, “It started 

here.  Look everybody, isn't this a great place?”  […]” (Jake, FG 4);  

 

“it’s one more thing to put Cornwall on the map” (Emely, FG 1);  
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“I think it’s just proud again because, you know, you look back through time and 

Cornwall was always very innovative and leading, very good inventors, good 

mathematicians [...] (Mike, FG 1).  

 

 Another example came from the second group discussion, Luis stressed the 

positive innovation feature associated with the geothermal project and the related sense 

of satisfaction:  

 

“I think in association with the other technological programmes, such as the, the space 

centre and the communications, you know telecoms, I think that can all add in together 

to a sense of satisfaction that we’re actually cutting edge and part of a technological 

advancement” (Luis, FG 2). 

 

 The sense of distinctiveness and pride associated with the geothermal 

technology in the interviews above can be related to the identity motives of 

distinctiveness and self-esteem (Abrams & Hogg, 1988; Breakwell, 1986; Vignoles et 

al., 2006; Turner, 2010). In fact, people are motivated to maintain and achieve a sense 

of positive social identities (Tajfel & Turner, 1979; Hogg & Abrams, 1988). The desire 

to achieve a positive identity motivate ingroup favouritism and outgroup discrimination 

(Tajfel, 1982). Therefore, the perceived support toward people’s identity motives, given 

by the geothermal technology, might be one of the major drivers involved in the 

positive evaluation of the geothermal technology.  

 

2.4.5 Theme 5: “We’re left in the dark by Cornwall Council”  

A lack of perceived involvement in the geothermal project emerged from the statements 

of most of the participants. This was linked to a general discontent among locals and a 

negative perception regarding the fairness of the decision-making process for the 

geothermal project (see Gross, 2007). Since fairness perceptions are based on the 

fundamental psychological need for autonomy (i.e., the need of individual sense of 

volition and choice, Deci & Ryan, 2000), as shown by van Prooijen (2009), the way in 
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which authorities responsible for the project communicate with the community involved 

is crucial (e.g., Lavergne et al., 2010). 

 

Locals claimed that more information should have been provided by the energy 

developers and the local council through face-to-face interactions, for example:  

 

“I think for the local people there should be someone from the company should come 

and talk to them actually, because it’s something so new” (Anne, FG 3);  

 

“But we’re left in the dark by Cornwall Council, we don’t know, do we?” (Lise, FG 3).  

 

Further to the inadequacy of information, participants reported they could not express 

their opinions during the decision-making process, consistent with Payera’s study in 

Chile (2018). For example: 

 

“But I think Cornwall council would have to do a proper consultation of it with, you 

know, lots, seriously with almost like a tick box. Are you for it? Do you want it?” 

(Maggie, FG 4).  

 

Participants felt that they could not made a significant difference by then, for example:  

 

“They got, they got past that stage because it's gonna happen.  It's happening, isn't it?  

So, I mean, they're gonna start drilling next week, this week, you know, in the very near 

future” (Luis, FG 2).  

 

 In the field of public perception of energy technologies, fairness of the planning 

decisions plays an important role in the acceptance of those technologies (e.g., Gross, 

2007; Huijts, 2012; Simcock, 2016; Sovacool et al., 2016; Walker et al., 2017; Langer 

et al., 2018; Lienhoop, 2018). However, in the present study, the discontent about the 

fairness of the planning decisions was not translated into a feeling of anger in 

participants as in previous studies (e.g., Huijts, 2018) and into local opposition (so far). 

Indeed, when participants were specifically asked to indicate their emotions when 
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thinking about the geothermal project, participants reported feeling of excitement in all 

four groups, for example:  

 

“Bubble, bubbling excitement, I like that!” (Robert, FG 1).  

“I feel quite positive, quite excited, to be honest” (George, FG 2) 

“It is exciting!” (Valery, FG 3);   

“I think it's really exciting”! (Mary, FG 4). 

 

 Therefore, it seems that participants recognised the problem of not been actively 

involved during the first stage of the project, and that they should have had the right to 

have voice. However, this appeared to not interfere with the general positive evaluation 

toward the geothermal technology.  

 

2.4.6 Theme 6: “Cornwall, the forgotten county” 

This theme reflects how participants in the present study might have seen the 

geothermal technology as an opportunity to improve the status of the Cornish people.  

 According to social identity theories, strategies used by groups to enhance their 

status position depend on socio structural variables such as the permeability of group 

boundaries, the stability of the group status, and the perceived legitimacy of the group 

status (Ellemers et al. 1993; Tajfel, 1974; 1975; Tajfel & Turner, 1979). Permeability 

indicates the extent to which it is feasible for an individual to move across groups, 

whereas stability concerns the possibility to change the current group status. Legitimacy 

of the group status concerns the extent to which people perceive the status of their group 

as reasonable and fair. Ingroup favouritism strategies are mainly evident when the group 

status is perceived to be illegitimate (Tajfel & Turner, 1979). 

 Compared to other counties, Cornwall is one of the most deprived areas in the 

United Kingdom (Noble et al., 2019). Cornish people might perceive themselves as a 

disadvantaged group and see the geothermal technology as an opportunity to enhance 
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their group status. The perceived low group status was also confirmed during the group 

discussions, for example:  

 

“[...] we are seen as a backwards society now by a lot of people throughout the country. 

It would be nice to sort of step forward again really” (Adam, FG 1)”.  

 

In this sense, Adam sees the implementation of geothermal technology as an 

opportunity to improve the negative stereotypes about Cornish people commonly held 

by the outgroups.  

 

Feelings of anger toward the disadvantaged conditions of people living in Cornwall 

were also raised in FG 4: 

 

“So there's a lot of ... as people have already said, it's a, it's a beautiful place to live [..] 

but it's also a very poor place in some respects” (Ryan, FG4). 

 

“And actually the poverty can be very hidden to people outside of Cornwall. You know, 

people don't understand, really don't understand how difficult it is, you know ...for so 

many people.  And, you know, people were think... it makes me laugh actually.  It makes 

me ... not laugh, but it makes me quite angry the fact that they say: -Oh, unemployment 

in Cornwall, you know, is very, very low compared with the rest of the country -.”  Well, 

it's low because people are working two or three jobs a day if they can on zero hours’ 

contracts and things like that.  So, you know, and it's very, very hard I think” (Jane, FG 

4).  

 

 Further to the perceived disadvantaged condition, contexts of high social identity 

identification represent the ideal ground on which ingroup favouritism strategies might 

develop (e.g., Bonaiuto et al., 1996). In the present study, a strong sense of belonging 

and “Cornishness” among these communities emerged, for example: 

 

“[...]what I really love and what really strikes me is the fact that Cornish people are 

proud, proud of their identity and heritage in a way that I haven't seen in any other 

place” (Jake, FG 4);  

 

“You're proud to be Cornish.  It’s not just, it’s not English or British, it’s Cornish” 

(Donna, FG 3). 
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 Due the nature of the identity being considered (i.e., regional) and the fact that 

most participants were born and raised in Cornwall, I inferred that members might 

perceive low permeability of their group boundaries. Therefore, changing group 

affiliation might not be an available option to enhance their (individual) status (see 

Ellemers, 1993). For what concerns the socio structural variable of stability, participants 

of the group discussions reported feeling of hope for the future of people in Cornwall: 

 

“I’d just like to add, that Cornwall is the poorest county in the whole of the UK, we’re 

almost the forgotten county. But I think we’re on the change now.  And I think this is 

one reason why people are actually now writing and wanting to use Cornwall a little bit 

more. There’s more infrastructure now[...]” (Mary, FG 2). 

 

 The sense of a better future for Cornwall might indicate that the status of 

Cornish group is unstable, therefore that opportunity to enhance the group position does 

exist (Owuamalam et al., 2018). It is conceivable that the positive, implicit, association 

between identity motives of continuity, self-esteem, and distinctiveness discussed in 

Theme 3 and 4 might be related to the disadvantaged social context in which Cornish 

people are embedded. The premises concerning the socio structural variables of the 

Cornish group (i.e., impermeable boundaries, illegitimacy of the group status, and 

unstable status), are consistent with the interpretation of the positive evaluation of the 

geothermal technology as a possibility for collective identity enhancement. 

 

2.5 Discussion 

The present study is the first investigation of people’s perceptions of deep geothermal 

energy in the UK. This research is based on a “real-world” context, in which locals were 

interviewed around three months before the drilling phase of the project started. 

Previous studies that investigated what people think about geothermal energy 

technology have mostly focused on perceived risks, costs, and benefits, level of 

preferences among other renewable energy technologies (e.g., solar), general measures 
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of acceptability, perceived trust toward the authorities involved in the geothermal 

project, fairness perception of the decision-making procedures, and knowledge of how 

the geothermal technology works. Adopting an abductive approach (e.g., Reichertz, 

2019; Timmermans & Tavory, 2019; Dubois & Gadde, 2002, 2014), the present study 

aimed at identifying which relevant socio-psychological and contextual factors were 

shaping people’s thoughts and were, more generally, salient when expressing opinions 

toward the technology in the specific social context of Cornwall. To accomplish this 

aim, four focus groups discussions were carried out.  

 A total of six themes were identified. The first theme concerns the relation 

between the geothermal energy and environmental issues. Participants explained that 

some discomforts have to be tolerated by those living near renewable energies projects 

in order to facilitate renewable energy implementation. In this sense, participants argued 

that environmental issues are urgent to solve and investment in new technology is 

therefore justified. 

 The second theme concerns the experience with past energy projects which were 

perceived as unsuccessful. In particular, it seemed that energy projects in their own 

county were perceived to be unsuccessfully managed, this could have possibly 

undermined thus the acceptability of the geothermal technology.  

 The third and fourth themes identified were interpreted through the lens of social 

identity motives of continuity, self-esteem, and distinctiveness. These motives seemed 

to function as drivers of the acceptance of the geothermal technology. In the present 

study, I interpreted these motives based on social identity theories (e.g., Abrams & 

Hogg 1988; Hogg, 2000; Tajfel & Turner, 1979) and research on identity processes and 

motives (Identity process Theory, Breakwell, 1986; Motivated Identity Construction 

Theory, Vignoles et al., 2006; Vignoles, 2011; Sani et al., 2007). The peculiar 

geological features that made Cornwall, during the 18th and 20th century, the most 
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important metal mining county in the UK, nowadays make Cornwall the elite place in 

the UK to produce a large amount of renewable energy. The deep geothermal 

technology is the first one in the UK, providing a different and distinctive characteristic 

between those who are living in the county-implementation area (Cornish) and those 

who are not (other English/British) salient. This is in line with the metacontrast 

principle of the social-categorisation process, for which people categorised themselves 

as a member of a group when they perceive the intergroup differences to be greater than 

the intragroup differences (Turner et al., 1987). The geothermal technology could lead 

Cornish people to distinguish themselves from other relevant groups, attributing, for 

example, positive characteristics to them through stereotyping processes (e.g. “Our land 

will produce again, as in the past, something unique for all the UK”). As Tajfel and 

colleagues (1974) pointed out, “the characteristics of one’s group as a whole [...] 

achieve most of their significance in relation to perceived differences from other groups 

and the value connotations of these differences” (p. 71).  

 Another theme was related to the fairness of the decision-making processes. 

During the group discussions, people claimed that those responsible for the technology 

implementation should have had involved citizens in the decision-making processes and 

that their opinion was not valued. The importance of the fairness perception appears to 

be linked to the important psychological experience of autonomy that people need to 

fulfil (Ryan & Deci, 2020; van Project, 2009). However, participants did not express 

strong negative feelings when discussing the procedure of the decision-making process, 

which might suggest that the fairness contents are not important for people when 

evaluating the geothermal technology as long as identity motives are supported by the 

technology.  

 In the sixth theme, I observed that this could be particularly true in 

disadvantaged social contexts and when the group boundaries are impermeable. In these 
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circumstances, people might be more motivated to enhance their group position (e.g., 

Ellemers et al., 1993) and to give less importance to contextual factor such as perceived 

fairness. Supporting this reasoning, studies in the field of group disparity and intergroup 

attitudes have shown that disadvantaged group members present different group-

specific needs compared to advantaged group members (Hässler et al., 2021; Shnabel & 

Ullrich, 2013; Siem et al., 2013). Disadvantaged group members need to perceive that 

intergroup contact is experienced as empowering, such that the advantaged group 

members perceive the disadvantaged group as competent and that they care about the 

disadvantaged group’s opinion. In the present study, the way in which group members 

fulfilled their need to feel empowered might rely on the identity-related positive 

outcomes associated with the implementation of the geothermal technology.  

 In light of the present exploratory results, it is possible to identify two main 

motivational pathways by which social identity processes might guide people’s 

evaluation of the geothermal energy technologies; these require further testing.  

 A first pathway might be rooted in the importance given to environmental issues 

and the subsequent environmental concern (Theme 1 and 2). People seemed in fact 

motivated to accept the geothermal technology because protecting the environment was 

relevant for their ingroup. Therefore, positive and negative emotions associated with the 

geothermal energy might have been, to a certain degree, related to their ingroup 

motivation to limit greenhouse gas emissions (e.g., Harth et al., 2013). This would 

imply the presence of pro-environmental ingroup norms which contain prescriptions on 

how to behave in regard to environmental problems (e.g. Gaede et al., 2020). However, 

this motivation might have been undermined by a perceived lack of ability to 

successfully manage large-scale renewable energies in their own county. This last 

aspect should be intended as different from the degree to which people trust the 

authorities involved in the project, which were, instead, generally trusted. In this sense, 
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the efficacy perception is intended as a county-level shared perception of that specific 

social context. In summary, the first pathway suggests the investigation of normative 

and efficacy beliefs in the acceptance of large-scale energy technologies. 

 The second pathway refers more closely to the social psychology of intergroup 

behaviour presented by Tajfel and Turner, 1979 (Theme 4, 5, and 6). Briefly, people are 

motivated to maintain a positive and distinct social identity and are motivated to protect 

their ingroup. For example, media informing that Germany have produced more 

renewable energies than the UK could motivate British citizen to sign a petition in 

favour of a new renewable project in the UK, especially among those who see green and 

environmental aspects as important attributes for their national identity (e.g., Milfont et 

al., 2020). Group members could also be motivated to evaluate a specific energy 

technology more positively when the proposed technology has been framed as 

positively distinct compared to other technologies being used by a certain outgroup. In 

fact, people tend to support policies that maintain the ingroup’s distinctiveness by 

separating it from a relevant outgroup (Wohl et al., 2011). The extent to which changes 

related to the implementation of energy technologies are positively or negatively seen 

by group members could also be affected by how much these changes are connected 

with the historical past of the group members (i.e., ingroup continuity). People tend to 

oppose to outgroups and social developments when their sense of collective continuity 

is undermined (Smeekes & Verkuyten, 2015). In summary, the second pathway 

suggests that the implementation of a large-scale energy technologies may support or 

undermined social identity motives of distinctiveness, self-esteem, and continuity in 

certain social structural contexts. However, fairness perception of the decision making-

procedures calls into question the extent to which the technology is also supporting or 

undermining people’s individual sense of volition and choice (Ryan & Deci, 2000). 
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Therefore, future studies should further explore if and how these factors are associated 

in the context of people’s acceptance of large-scale energy technologies.  

 In terms of the limits of the present study, this study’s findings are not 

generalizable to other energy technology implementation contexts (as with most 

qualitative research). Although, generalizability is a controversial topic in qualitative 

research since criteria from a positivist paradigm might not be appropriated within 

interpretivist approaches (Carminati, 2018). 

 My theoretical preconceptions might have coloured the interpretation of the 

group discussions (e.g., Suddaby, 2006). Nonetheless, the study was designed to leave 

ample room for people’s spontaneous thoughts and discussions outside the given 

questions. Moreover, the data were linked to new theoretical insights into the field of 

people’s acceptance of large-scale energy technologies. While previous studies have 

mainly focus on instrumental-based evaluation in terms of risks, costs, and benefits 

associates with the evaluation of energy technologies, often leading to a to a “limited 

risk perception focus” (Chavot et al., 2018), the group discussions in this study were 

interpreted through the lens of social identity processes, thus expanding the limited 

contributions of social identity processes applied into the energy technology acceptance 

field (e.g., Devine-Wright, 2011). Such social identity processes might represent the 

foundation by which people make meaning of and on which they base their evaluations 

toward these types of energy projects.  

 Furthermore, the particular context of this “real-world” research, in which the 

community involved is actually experiencing what it is like to live near the project site, 

is a precious opportunity to study the aforementioned processes. Indeed, a large part of 

studies on energy technology acceptance usually ask people to imagine a potential 

situation in which large-scale energy technologies have been implemented in their 

village/country. As this type of energy project requires a lot of time - from when it has 
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been made public to the actual implementation- years of exchanges of opinions, 

impressions and concerns about the project, within the community, cannot be collected 

in the above mentioned type of scenario studies.  

 In conclusion, this present exploratory qualitative study has highlighted an 

important novel perspective in the field of energy technology acceptance. This will be 

extended in Study 2, 3, and 4 within a quantitative framework. Study 2 will consider 

normative and efficacy beliefs dimensions in the acceptance of the geothermal energy in 

Cornwall; Study 3 will use a concise version of threat toward social identity motives 

(i.e., social identity violation), to investigate its relationship with social acceptance in 

Cornwall and its potential moderating role when considering perceived autonomy and 

fairness perceptions; Study 4 will further examine the role of identity motives by 

developing ad-hoc measures of support and threat toward these motives, to then 

examining the relationship between these motives, social acceptance and collective 

action intentions in Scotland and Wales, controlling for risk perception. 
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Chapter 3 – Study 2 

 

 

The SIMPEA model revised for social acceptance of renewable large-scale 

energy technologies: The case of the first deep geothermal energy technology 

in the UK. 

 

Abstract 

This study examined an adapted version of the SIMPEA model in the field of energy 

technology acceptance, focusing on the acceptance of geothermal energy in Cornwall 

(UK). Appraisal of environmental crisis from energy sources, group-based emotions, 

ingroup identification, descriptive norms, and regional collective efficacy were included 

in the model and tested using structural equation modelling. Main results indicated that 

the (i) majority of sequential paths proposed by the SIMPEA model was confirmed and 

that (ii) ingroup identification did not moderate the association of descriptive norms and 

regional collective efficacy on social acceptance, working instead as a predictor of 

them. This study confirmed the key role of positive group-based emotions and 

descriptive norms in the acceptance of energy technologies. The lack of interaction 

effects is discussed as well as practical implications. 

 

3.1 Introduction  

Transitioning toward renewable energies is one of the most important mitigation 

strategies for reducing emissions of greenhouse gases (IPCC, 2014). This transition 

involved a multitude of interconnected systems which must work together to reach the 

shared goal to mitigate the climate change. Other than cutting-edge renewable 

technology developments and economic investments, this transition cannot be 

successful if socio-cultural sides are not complementarily included. The deployment of 
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renewable energy technologies involved different socially-relevant levels, from the 

creation of appropriated carbon mitigation policies to public awareness and acceptance 

of these technologies at different scales (e.g., national, regional, local) (Sathaye et al., 

2011). The present work focused on the social acceptance of deep geothermal energy 

technology at regional level, in Cornwall (UK).  

 Geothermal energy, the natural heat from the earth’s interior, is a renewable 

energy that can ensure reliable energy supply with low environmental impact (Paulillo 

et al., 2020). Alongside other renewable energy sources (e.g. solar, wind), geothermal 

energy used for power generation has been recognised as an important contributor to 

future energy demands (Li et al., 2015). However, the technology used to generate 

power from the underground has seen disagreements among residents hosting the 

technology in other countries such as Germany (e.g., Kunze, & Hertel, 2017).  

 Despite significant advance in understanding key psychosocial and contextual 

variables in the acceptance of energy technologies (e.g., Steg et al., 2015), a limited 

number of studies have considered how individual’s social acceptance toward these 

technologies is also motivated by intragroup processes such as normative and efficacy 

beliefs (e.g., Huijts et al., 2014). More broadly, the literature of different type of pro-

environmental behaviours, ranging from private to public sphere (Stern, 2000), has 

mostly undertook an individualistic approach (e.g. Bamberg & Möser, 2007). As 

Fritsche et al. (2018) pointed out, since environmental problems can only be limited 

through joint efforts, the explanation of environmental behaviours should take into 

account the role of collective self-definition on environmental appraisal and response. 

 Contesting the individualistic view commonly considered in study of 

environmental behaviours, Fritsche et al. (2018) proposed the social identity model of 

pro-environmental action (SIMPEA). The present study aimed to test an adaptation of 

this model as applied to social acceptance of renewable large-scale energy technologies. 
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In particular, the adapted model examined, via mediation and moderation paths, how 

social acceptance of geothermal energy technology was associated with appraisal of the 

environmental consequences from the energy system, group-based emotions, 

descriptive norms, collective efficacy, and ingroup identification. 

 Limits of individualistic approaches are evident within a social identity approach 

that explains people’s perceptions, feelings, attitudes, and behaviours as intrinsically 

grounded in social identity and related processes (see Ferguson et al., 2016). Both 

implicit and explicit social rules guide how people see and evaluate external 

circumstances as well as consequences of how they behave in their daily life. People are 

able to discard their personal cognitive-based perception when confronted with the 

group opinion (Asch, 1961), yet still do not fully understand how much their social 

context influences their decisions (Nolan et al., 2008). The social context-dependency 

nature of human perception is what gives people directions and meaning in their lives 

(see Hogg, 2020, for a recent review). Therefore, it is not surprising that a simple 

information provision about a certain object - given to two different individuals - can 

potentially motivate very distinct perceptions, attitudes, and behaviours, depending on 

different ideologies and group prototypes (e.g., norms and/or efficacy beliefs) of an 

accessible and salient (Oakes, 1987) referent groups in which the individuals self-

categorises themselves (e.g., Hogg & Smith, 2007). For example, people in left 

coalitions are more likely to believe in climate change than people who self-identify 

with right coalitions (McCright et al., 2016).  

 Following this line of research, the present study offers several contributions. To 

date, (i) this is the first study testing the paths suggested by the SIMPEA model; (ii) the 

study is based on a real-world setting, overcoming limitations due to poor ecological 

validity; (iii) the results provide insight into how to adapt the SIMPEA model in the 

context of social acceptance of large-scale technologies and (iv) for general low-effort 
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environmental behaviour; (v) it also provides insight into the prominent role of 

descriptive social norms and group-based positive emotions in the field of social 

acceptance of large-scale energy technologies; (vi) a final contribution (beyond 

SIMPEA) gives insight into people’s perceptions of deep geothermal technology in the 

UK, given lack of evidence in the literature.  

 Finally, this study offers a full transparent procedure, in line with an open 

science approach: hypotheses, statistical analyses and transformation procedures have 

been declared prior data collection.  

 

3.1.1 Research context 

This research was based in Cornwall (UK), where the first deep geothermal energy 

plant in the UK is being installed. The technology used is known as “Enhanced 

Geothermal Systems”. Cornwall has been chosen to be the site of the project because of 

the unique geological characteristics of its subsoil. The implementation of the deep 

geothermal power plant requires approximately six months of drilling to make two deep 

holes to reach a ground level of high temperature (approximately 190 ˚C). Noise 

pollution is caused only in the first drilling phase. Once the power plant is installed, its 

visual impact is minimal. Main potential environmental risks include water quality and 

usage (Macknick et al., 2011) and induced-seismicity (Zang et al., 2014). Compared to 

other technologies that emit CO2 geothermal energy produces very low gas emissions 

(DiPippo, 2012). 

 

3.1.2 Sequential chains of group processes in social identity models  

Thoughts, beliefs and behaviours arise from two main levels of identity: individual and 

social self. Contextual aspects affect the preponderance of a determined role within the 

social reality where individual traits may influence thoughts, beliefs and behaviours to a 
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certain extent. When a certain social identity becomes salient for an individual, shared 

collective interests give direction and commitment as strong and internal as those 

guided by a personal identity (Tajfel & Fraser, 1978, Tajfel & Turner, 1979; Turner et 

al., 1987, 1994; Turner, 2010). Therefore, individual cost-benefit calculations are not as 

relevant as the group interests when the group identity is salient. 

 The relation between social identity/ingroup identification, collective or group 

efficacy, social norms, and collective or group-based emotions has been postulated in 

different directions and mostly studied in the field of collective action intention (e.g., 

Rees & Bamberg, 2014; Thomas et al., 2009; van Zomeren et al., 2008). Beyond the 

study of general collective action determinants, Fritsche et al. (2018) proposed that, in 

the context of environmental behaviours, social identity secondary processes (e.g., 

ingroup norms) guide group-based behaviours as the identification with the group 

makes those processes salient. A brief description of the SIMPEA model, alongside 

other relevant models of collective action, is presented below. 

 The social identity model of pro-environmental action (SIMPEA, Fritsche et al., 

2018) proposes that both environmental appraisal and response are the result of 

collectively shared interpretation, which is driven by social identity processes. 

Environmental appraisal concerns large environmental crises such as information 

appraisal about climate change or appraisal toward a specific element of crisis (e.g. 

water shortage). The environmental response corresponds to both private (e.g. recycling 

behaviour) and public spheres (e.g. environmental policy acceptance). If the topic of the 

environmental crisis (e.g., energy pollution) is relevant for the ingroup, the appraisal 

and subsequent response toward the environmental crisis of energy pollution are 

supposed to be affected by four social identity processes: group-based emotions, social 

norms, collective efficacy and ingroup identification (such processes are defined from 

Section 3.1.4). Concerning the sequential chain, Fritsche et al. (2018) suggest that 
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group-based emotions mediate the relationship between appraisal of the environmental 

crisis and social identity processes. In particular, group-based emotions (together with 

group comparison) should inform and activate the content of the ingroup norm. From 

there, the sequential chain is ambiguous as it might depend on how the model is 

contextualised regarding the specific study topic. It is very clear that ingroup norms, 

collective efficacy beliefs, and ingroup identification may interact in predicting pro-

environmental behaviour and that ingroup norms and collective efficacy predict 

environmental response (and appraisal). The authors argued that there is a lack of 

evidence for what concerns the role of ingroup identification and ingroup norms in 

“catalysing the collective efficacy effect” (p. 10), which has not been addressed yet. 

Masson and Fritsche (2021) further clarified that sufficiently high scores in all of the 

core social identity variables might be needed for one of them to affect people’s action. 

 The social identity model of collective action (SIMCA; van Zomeren et al., 

2008) model proposes that social identification should increase perceived group 

efficacy as efficacy derives from a salient social identity. Both direct and indirect 

effects of social identity, through efficacy, are thought to influence collective actions. 

This relation between collective/group efficacy and ingroup identification has mostly 

been explored in the field of collective actions against collective disadvantage and 

recently also among advantaged groups (Thomas et al., 2019).  

 A third model, the encapsulation model of social identity in collective action, 

proposes the opposite direction, with group efficacy influencing ingroup identification 

(EMSICA; Thomas et al., 2009). In this sense, social identification mediates the effect 

of efficacy on collective action. Therefore, on the one hand, social identity facilitates 

the experience of efficacy (van Zomeren et al., 2008); on the other hand, social identity 

encapsulates the experience of efficacy (Thomas et al., 2009).  
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 Experimentally manipulating group efficacy, Van Zomeren et al.  (2010) 

showed that group efficacy provides the basis of social identification, and not vice 

versa, in line with the EMSICA model. Thomas et al. (2012) provided empirical tests of 

the two models, SIMCA and EMSICA, showing that social identity processes both 

facilitated and encapsulated relevant reactions such as group efficacy. Thus, the authors 

argued that the plausibility of the causal ordering might depend on the specific context.  

 More recent studies have further explained that the two models might coexist 

(Bamberg et al., 2018; Furlong & Vignoles, 2020). These authors argued that people 

identify with an opinion-based group motivated by collective efficacy (and injustice) 

beliefs (EMSICA model), whereas pre-existing identity groups might be more relevant 

for the SIMCA model (e.g., national identity), as these pre-existing categories make the 

experience of collective efficacy possible.  

 Consistently with the causal ordering of the SIMCA model, Rees and Bamberg 

(2014) found that social norms and collective efficacy mediated the relationship 

between social identification with the neighbourhood and intention to participate in 

collective climate action, while the direct relationship between the two was not 

significant. Similarly, Grant et al. (2015) showed that social (cultural and national) 

identification did not directly predict involvement in collective protests among 

immigrants, while collective efficacy was a significant direct predictor. 

 Finally, Masson et al. (2016) found that the need to see the ingroup in a positive 

light and as distinct from other groups could lead members to biased perceptions of 

ingroup norms. The premise is that acting pro-environmentally friendly is seen as a 

positive attribute. For this reason, members are motivated to evaluate other members’ 

behaviours in a way that satisfy their need for self-esteem and distinctiveness. 

Specifically, their results showed that ingroup descriptive norms mediated the 

relationship between social identification and intention to act pro-environmentally.  
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3.1.3 Why “social acceptance” and not “individual/collective actions”? 

The present study focused on social acceptance as the outcome variable in a real-world 

context. While I see social acceptance as an antecedent of action, I do not expect that 

the operationalisation of acceptance would translate into behaviour. I reasoned that 

accepting, being in favour, expressing agreement toward the development of other 

geothermal technologies in the UK, as well as perceiving the acceptance as a moral 

issue (i.e., this is how I measured the social acceptance) would be part of a single 

continuum attitude-behaviour (Andrich & Styles, 1998) where acceptance is located 

between the attitude and the behaviour. In the present study, I argue that the concept of 

social acceptance is particularly relevant to answer the main research question: to what 

extent are group processes associated with people’s appraisal of the geothermal 

technology? Furthermore, people expressed the extent to which they accept/not accept 

the actual geothermal technology development, and not their intention to act in the 

future, thus making the measure of acceptance strong and realistic.  

 

3.1.4 Group-based emotions 

According to Fritsche and colleagues (2018), group-based emotions are expected to 

influence the formation of norms and goals and further guide group-based 

environmental action. However, research is needed to test this path. The authors suggest 

a mediation between emotions and motivations and the environmental crisis appraisal 

on group-level processes.  

Emotions arising from group identification are distinct from individual-level 

emotions, are experienced to a greater extent when people strongly identify themselves 

with the group and motivate inter- and intra-group behaviours (Smith et al., 2007). As a 

consequence of the behaviour of other in-group members, people can experience 
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positive and negative emotions regardless of their actual individual contribution to the 

decision (e.g., Doosje et al., 1998; Brown & Cehajic, 2008). The SIMPEA model 

assumes that when focusing on the collective consequences of the environmental crisis, 

group-based emotions and the resulting motivations emerge. For example, emotions and 

motivations could emerge when one’s own group is evaluated as unsuccessful in acting 

toward an environmental crisis.  

In the general environmental domain, the role of emotions (e.g., Bissing-Olson 

et al., 2016; Carrus et. al., 2008) and affect (e.g. Leiserowitz, 2006; Coelho et al., 2017) 

has mostly been studied at the individual level. At this level, a growing interest in the 

area of energy technologies is developing. Perlaviciute and colleagues (2018) provided 

a valued-based approach in which people’s emotional responses to an energy project are 

the result of the extent to which people’s values are violated or supported by the project. 

A recent correlational study showed that important factors involved in energy 

technology acceptance (such as perceived fairness, trust in industry, perceived risks, 

perceived environmental outcomes, perceived usefulness, and prior awareness) led to 

experience one or more of the emotions of anger, fear, joy, and pride (Huijts, 2018). 

Ruiz and colleagues (2018) found that negative emotions and low perceived benefits 

generated low acceptance of an oil drilling project. Studying the evaluation of a tidal 

energy project, Devine-Wright (2011) found a major positive emotional response (e.g. 

excitement, pride) across populations living nearby. Positive and negative emotions 

were also significant predictors of information engagement intention about enhanced 

geothermal technology in the United States (Lu et al., 2021).  

 However, there is a lack of research that focuses on group-based emotions in the 

context of energy technology acceptance. Only a handful of studies have considered 

group-level emotions in different environmental contexts. Ferguson and Branscombe 

(2010) found that feelings of collective guilt deriving from the awareness of ingroup 
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responsibility for environmentally harmful behaviours led to the elicitation of mitigation 

behaviours. Harth and colleagues (2013) showed that ingroup responsibility for 

environmental damage and protection respectively predicted ingroup-levels of guilt and 

pride. Analysing people’s intention to participate in collective climate action, Rees and 

Bamberg (2014) showed that group-based guilty conscience positively predicted 

participation intention. Onwezen (2015) examined perceived emotions of one’s ingroup 

on sustainable food choices, showing that negative emotions are stronger for collective 

emotions while positive emotions are stronger for private emotions. Measuring group-

based emotions as the extent to which people feel negative emotions when thinking 

about what their government and economy are doing to stop climate change, Bamberg 

et al. (2015) showed that such emotions have a direct effect on the intention to 

participate in community-based pro-environmental initiatives. More recently, it has 

been shown that the positive feeling of being moved and group-based anger enhanced 

collective action for forest protection (Landmann & Rohmann, 2020).  

 In the present study, group-based emotions were measured as the extent to 

which people feel positive and negative emotions when thinking about the decision 

made by their ingroup (local authorities and communities) to implement the geothermal 

technology in Cornwall. The goal was to capture the perceived group-based emotions 

related to the specific decision to install the geothermal energy in order to strengthen 

their correspondence with the outcome variable. In this sense, I expected positive 

emotions to arise from the awareness that the geothermal technology would be 

producing renewable and sustainable energy, which explains why the more people 

appraise the environmental crisis as urgent the more they experience positive emotions 

related to the decision to install the technology. Indeed, belonging to the group settled in 

the best place in the UK to produce clean and sustainable geothermal energy might lead 

to a positive sense of pride among the Cornish group as well as a sense of hope for 
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future generations. At the same time, people might also experience negative emotions 

such as worry about the costs and risks associated with the decision to install the 

technology. Other types of negative emotions could also emerge from a more general 

appraisal of the decision as illegitimate (e.g., group-based guilt and anger). Negative 

emotions might occur especially at low levels of perceived environmental problems 

from energy sources (Fritsche et al., 2018). However, as Doosje et al. (1998) pointed 

out, “negative group-image-threatening emotions” (p. 879) might be subject to denial 

mechanisms as a defensive reaction.  

 

3.1.5. Regional collective efficacy 

Measures of collective efficacy vary in the literature, depending on the study context. 

For example, Thomas et al. (2020) measured efficacy as political efficacy (i.e., “The 

average citizen can have an influence on government decisions”) whereas Thomas et al. 

(2012) measured efficacy as group efficacy (i.e., “I feel that together the ‘Water for 

Life’ program will be able to improve the water situation in developing nations”). In the 

context of the acceptance of energy technologies, Huijts et al. (2012) discussed two 

types of efficacy. The belief that the implementation of the technology might be 

susceptible to one’ own individual will, and the belief that the technology will reduce 

energy problems. Recently, Gaede and colleagues (2020) described efficacy perception 

in terms of the ability to influence decisions regarding the use of energy storage 

technologies. Choi and Hart (2021) operationalised collective efficacy as the perceived 

likelihood that a large number of people would reduce their energy use for climate 

change mitigation. 

 The measure of collective efficacy of the present study is closely related to a 

more recent conceptualisation of collective efficacy in the context of the COVID-19 

pandemic. Dryhurst et al. (2020) measured collective efficacy as the extent to which 
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people feel that the actions that their countries are taking to limit the spread of 

coronavirus would make a difference. This belief was a positive predictor of risk 

perception of COVID-19. During lockdowns, people needed to believe that their effort 

to accept the pandemic guidelines would help to prevent the spread of COVID-19 in 

order to accept those measures (Tunçgenç et al., 2021). The measure of collective 

efficacy in the present study was adapted to the specific context of social acceptance of 

large-scale technology in terms of regional collective efficacy where the individual does 

not have a direct role in achieving goals such as the implementation of renewable 

energies. The feeling of regional collective efficacy was operationalised as the belief in 

one’s own group ability to successfully manage and achieve its goals in renewables. 

Large-scale projects such as the geothermal energy technology required considerable 

economic investment (2.4 million from Cornwall Council for the geothermal project), 

environmental and human safety risk taking, noise pollution and landscape aesthetics 

considerations, and also consideration of associated issues such as tourism and property 

values. Although single citizens do not have an active role in the successful 

implementation of the geothermal technology (apart from passively accepting or 

actively protesting against the technology), they need to believe that the efforts made 

are worthwhile. They should believe that the ingroup effort to implement renewable 

technology in their hometown and/or country will effectively achieve its goals in order 

to accept the project. Similarly, it has been shown that teachers who believe that their 

school as a whole is capable of coping with tasks and problems in different settings are 

more attached to the school’s goals (Caprara et al., 2003). Taking a problem such as 

earthquake exposure (Muldoon et al., 2017) as an example: when people expect their 

ingroup to cope well with earthquake exposure (i.e., national collective efficacy), but 

the ingroup does not actually cope well with such problem, this discrepancy between 

expectation and reality can increase people's level of post-traumatic stress following the 
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event. These authors also found a positive effect of national collective efficacy on post‐

traumatic growth. These results show the relevance of national collective efficacy on 

people’s beliefs and feelings. 

 It could be argued that if people perceive that large-scale projects are not 

successfully managed in their country, they will be less prone to accept such projects, 

and vice versa. The collective efficacy appeared particularly relevant to the present 

project because of the collective nature of both the environmental crisis and the 

implementation of the large-scale energy technology. Furthermore, citizens in the 

present research context have past experiences with similar projects based in Cornwall 

such as the Wave Hub project (see Study 1 of the present thesis). This project consists 

of a floating offshore wind and wave power research placed in the North coast of 

Cornwall. Local media reported news on how effective the project was in reaching its 

ultimate goals, e.g.: “Wave Hub off the coast of Cornwall has received up to £42m in 

public money but not produced a single KW of electricity in six years” (Whitehouse, 

2018). Therefore, beliefs of regional collective efficacy regarding geothermal 

technology acceptance might be affected by such previous experiences. 

 

3.1.6 Descriptive norms 

A number of studies demonstrate the power of social norms in influencing pro-

environmental behaviours (Cialdini, et al., 1990; Cialdini & Goldstein, 2004; Cialdini & 

Jacobson, 2021; Goldstein, et al., 2008; Nolan, 2021). As Fritsche and colleagues 

(2018) pointed out, norm conformity occurs from group-membership identification and 

people’s willingness to adopt ingroup attributes. Intergroup comparison has been 

described by the authors as the main process that affects the appraisal of the 

environmental crisis and it provides information about ingroup norms. Normative 

influence has commonly been divided into two main forms (Cialdini et al., 1991). It 



 60 

consists of what others commonly approve or disapprove (injunctive norm) and what 

others typically do (descriptive norm). Thus, these salient rules in a given situation 

make people follow pro-environmental behaviours such as reusing towels in hotels 

(Schultz et al. 2008), saving energy (Dwyer et al., 2015; Wittenberg et al., 2018), 

recycling (White et al., 2009; Fornara et al., 2011), adopting photovoltaic systems 

(Korcaj et al., 2015; Curtius et al., 2018), purchasing meat (Lai et al., 2020), and setting 

home temperatures (Idahosa & Akotey, 2021). Liebe and Dobers (2019) found that the 

perception that other significant people would be in favour of the person’s contribution 

to climate protection affected intentions regarding the construction of new power plants 

for renewable energy production. Another study showed that social norms influenced 

the willingness to participate in community energy projects (Kalkbrenner et al., 2016).  

 Few studies examined how social norms directly give direction toward the 

acceptance of an energy technology. In Huijts and colleagues’ study (2014), social 

norms had a weak relation with the intention to act in favour of a hydrogen fuel station. 

According to the authors, the implementation of the hydrogen fuel station was at an 

early stage and citizens were probably not able to use other people’s opinions as an 

information source as they had previously not thought about it or exchanged opinions 

with others. In the present study, social norms are expected to play a more relevant role. 

The geothermal project was made public in 2009 and the first phase of installation of 

the geothermal plant started almost 10 years later (2018). Participants’ recruitment for 

the present study started in mid-2019, i.e. a few months before the drilling phase. Many 

visiting events for the general public as well as educational workshop for the youngest 

had been carried out by the project team during the implementation phases. Also, it was 

a popular subject reported in national and local newspapers. Therefore, the topic of the 

geothermal technology was very salient and it was expected people to have several 

opportunities to discuss and exchange opinions about the technology with other people 
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in their city/village as well as on social media. It seemed reasonable that the majority of 

people would have had a clear idea about the extent to which other people in their 

region would accept the geothermal technology. Moreover, the majority of people 

would not possess the complex geological and engineering expertise necessary to 

deeply understand pro and cons of the geothermal technology (Pellizzone et al., 2015). 

Especially under uncertainty conditions, the information provided by the social context 

acts as a guidance for what to believe and how to behave (e.g., Deutsch & Gerard, 1955; 

Gelfand & Harrington, 2015). 

Recently, Gaede et al. (2020) showed that the descriptive norms positively 

predicted support toward energy storage technologies. Among several psychological 

factors, social norms were the strongest predictors of acceptance of climate engineering 

technologies (Klaus et al., 2020). Experimentally manipulating descriptive-social 

norms, Wang et al. (2021) found that social descriptive norm information enhanced 

people’s support for Carbon Capture and Storage (CCS) technology in China.  

Based on this summary of relevant concepts and literature from a perspective of 

social identity, the present study investigated, via mediation and moderation paths, the 

association between social identity processes and social acceptance of the geothermal 

energy. The next section illustrates these paths.  

 

3.1.7 Pre-registered hypotheses 

The pre-registered model includes the following hypotheses1 (see Figure 1): 

H1: Appraisal of the environmental crisis from the energy system is positively 

associated with positive group-based emotions, and negatively with negative group-

based emotions; 

 
1 Note that the pre-registered hypotheses were less specific than those presented here. I did not specify 

the positive or negative directions of the hypothesised paths in the pre-registration because these are 

implicitly included within the SIMPEA model. However, in order to improve clarity, I have been more 

explicit in the present hypotheses definitions. 
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H2: Positive and negative group-based emotions are respectively positively and 

negatively associated with descriptive norms and collective efficacy.  

H3: Descriptive norms is positively associated with social acceptance of the geothermal 

energy;  

H4: Collective efficacy is positively associated with social acceptance of the geothermal 

energy;  

H5: Ingroup identification moderates the effect of descriptive norms and collective 

efficacy on social acceptance of the geothermal energy. It is expected that the 

association of descriptive norms and collective efficacy with social acceptance of the 

geothermal energy is stronger for high level of ingroup identification; 

H6a, H6b, H6c, H6d: There is an indirect relationship between appraisal of the 

environmental crisis and social acceptance, mediated by: group-based positive emotions 

and descriptive norms (H6a); group-based positive emotions and collective efficacy 

(H6b); group-based negative emotions and descriptive norms (H6c); and by group-

based negative emotions and collective efficacy (H6d). 

 

 

 
Figure 1. Conceptual model (Study 2). 
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3.2 Method 

3.2.1 Participants 

Both rule of thumbs and a post-hoc population of root mean square error of 

approximation (RMSEA) approach (MacCallum et al., 1996) were used to evaluate the 

required sample size. A minimum number of 400 – 500 participants has been suggested 

when running models with latent interaction effects computed using a product indicator 

approach (e.g., Kline, 2015). Therefore, I aimed to recruit at least 450 participants. Data 

were collected between the last months of 2019 (n = 513) and the first months of 2020 

(n = 17).  A total of 530 participants were recruited. Participants living in Cornwall 

were recruited via the online survey platform CINT (n = 186), from advertisements on 

social media (n = 230), and from Cornish students of the University of Plymouth (n = 

115). Participants had to be resident in Cornwall, not be directly involved in politics, 

and be 18 years or older. CINT participants were compensated based on their agreement 

with CINT, and they also had the opportunity to participate in a lottery to win Amazon 

or Boots vouchers. Those recruited on social media were informed that they would have 

the opportunity to participate in the lottery, while students were given course credits and 

were allowed to participate in the lottery as well.  

 Thirty-four participants were excluded for not having explicitly declared 

Cornwall residence. Therefore, a total of 496 participants were included in the final 

dataset. The post-hoc power analysis based on population RMSEA (MacCallum et al., 

1996) showed that 496 participants were sufficient to achieve power of 1. Null and 

alternative RMSEA were respectively fixed at .050 and .01 (df = 334; 𝛼 = .01).  

 

3.2.2 Procedure 

Participants were told that the purpose of the study was to explore people’s opinions of 

geothermal energy in Cornwall. Prior to starting the online questionnaire and after 
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giving consent to participate in the study, participants were offered a brief description of 

what geothermal technology is. The information included was based on information 

provided by the British Geological Survey website and reviewed by an expert geologist 

professor from the University of Plymouth. The order of questions in the online 

questionnaire represented the paths described by the SIMPEA model (from left to right 

in the current conceptual model), see 3.2.3 Measures section. 

 

3.2.3 Measures 

All items were rated on a 7-point scale. An agreement scale (from 1 [strongly disagree] 

to 7 [strongly agree]) was used for items measuring appraisal of the environmental 

crisis, ingroup identification, descriptive norms, regional collective efficacy, 

environmental group identity, and social acceptance.  

 Socio-demographic variables consisted of gender, age, place of residence, 

highest educational level, and political orientation. 225 participants were male (46.3%), 

10 preferred to not answer. 29.2% were aged between 18-30, 41.1% between 31-60, and 

29.6% between 61-80+ (M = 45.83; SD = 18.35). About half participants had a 

university degree (47.98%), 6% preferred to not disclose their education.  Political 

orientation was measured via a 10-point scale, from 0 (left orientation) to 10 (right 

orientation). Those who answered ≤ 3 were the 44.76% (left orientation), those who 

answered > 6 were the 13.10% (right orientation), the centre represented the 34.88% (> 

3 & ≤ 6). The 7.26% of participants did not answer this question. All participants 

declared to be resident in Cornwall. 

 

Level of knowledge 

Participants were asked to indicate how much they knew about the geothermal project 

in Cornwall (one item): “How much do you know about the geothermal project in 
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Cornwall?”. Responses ranged from 1 (you don’t know anything about the geothermal 

project – nothing) to 7 (you are really well informed about the geothermal project – 

very informed). 

 

Appraisal of the environmental crisis from the energy system 

Appraisal of the environmental crisis from the energy system was measured using the 

following four items: “I am worried about the environmental consequences of fossil 

fuels (coal, petroleum, etc.)”; “Fossil fuel energy use is linked to severe environmental 

problems”; “Reduction of greenhouse gas emissions from fossil fuels is urgent”; reverse 

scored “Claims that current levels of energy pollution from fossil fuels are changing the 

environment are exaggerated”. The last item was adapted from Hansla et al. (2008), the 

rest are ex-novo. 

 

Group-based emotions 

Participants were asked to indicate the extent to which they felt a total of 12 emotions 

(six positive and six negative) when thinking about the decision made to implement the 

geothermal technology in Cornwall by local authorities and communities in Cornwall. 

Based on the highest mean values, only the three most relevant positive emotions 

(proud, hopeful, good) and the three most relevant negative emotions (worried, anxious, 

frustrated) were included in the model to reduce correlated residuals (Bandalos, 2021). 

Responses ranged from 1 (not at all) to 7 (very strongly). 

 

Ingroup identification 

The following items were used to measure social identification with the Cornish group 

(six items): “I see myself as Cornish”; “I am glad to be Cornish”; “I identify with other 

Cornish people”; “I feel connected with other Cornish people”; I see myself as more 
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Cornish than British”; reverse scored “To be identified as “Cornish” or “British” would 

be exactly the same for me”. The first four items were adapted from Van Zomeren et al. 

(2010), last two were informed by Study 1 of the present thesis.  

 

Descriptive norms 

Descriptive norms2 were operationalised as the extent to which people think that other 

Cornish people accept or reject the installation of the geothermal technology and think 

that it can provide sustainable energy (four items): “I think that most people in Cornwall 

agree that geothermal energy can provide a sustainable energy”; “I think that most 

people in Cornwall accept the installation of the geothermal technology”; reverse scored 

“I think that most people in Cornwall reject the installation of the geothermal 

technology”; reverse scored “I think that most people in Cornwall disapprove of the 

choice to install a geothermal technology”. 

 

Regional collective efficacy 

Regional collective efficacy was operationalised as the belief in the ingroup ability to 

successfully manage and achieve its goals in renewables (four items): “I am confident 

that Cornish people can, together, boost the implementation of renewables”; “I am sure 

that, as Cornish people, we can achieve progress in renewables, because we are all 

pulling in the same direction”; Cornish people can come up with creative ideas to 

implement renewable energy use effectively, even if the external conditions are 

unfavourable”; reverse scored “Efforts to increase the use of renewable options are in 

vain, Cornish people will struggle to make it work”. Items were adapted from Chen 

(2015). 

 

 
2 The pre-registration file erroneously names these norms as injunctive rather than descriptive. 
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Environmental group identity 

Environmental group identity is an adaptation, for the group context, of the (personal) 

environmental identity described by Van der Werff and colleagues as “the extent to 

which you see yourself as a type of person who acts environmentally-friendly” (2014, p. 

56). Therefore, environmental group identity was defined as the extent to which you see 

your ingroup as a type of group who acts environmentally-friendly. Three items were 

adapted as follows: “Acting environmentally friendly is an important part of being 

Cornish; “Cornish people are the type of people who act environmentally friendly”; “I 

see my Cornish community as composed of environmentally friendly people”. 

 

Social acceptance 

Five items were used to assess social acceptance: “I am in favour of the geothermal 

project”; “I think that implementing geothermal technology in Cornwall is the right 

thing to do”; “I would vote for the implementation of geothermal technologies also in 

other parts of England”; “In general, I accept the geothermal technology”; reverse 

scored “All things considered, I am opposed to geothermal technology”. 

 

3.2.4 Analytic approach 

A correlational design was adopted to test the relations between exogenous and 

endogenous variables via structural equation modelling. The analyses were carried out 

in R (version 4.0.3), mainly using the package lavaan 0.6-7 (Rosseel, 2012) and 

semTools 0.5-5.912 (Jorgensen et al., 2021).  

 Preliminary analyses were first carried out. These aimed at 1) verifying whether 

the association between physical proximity between people’s village of residence and 

the geothermal technology location was relevant in the explanation of the geothermal 

technology social acceptance; 2) examining the measurement model of the constructs of 
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interest and eventually improving the model until adequate model fit indices were 

obtained; 3) investigating the key hypotheses using aggregated measures via multiple 

regressions. Based on these results, the analytic strategy was further expanded including 

new exploratory structural paths that appeared as relevant to be tested. This is better 

explained in section 3.3.3.  

 

3.3 Results  

3.3.1 Physical proximity and social acceptance 

The effect of physical proximity to the geothermal technology on attitude and 

acceptance of climate change related projects is still discussed in the NIMBY paradigm 

(e.g., Hart et al., 2015; Uji et al., 2021). Therefore, I first examined whether physical 

proximity to the geothermal energy was associated with the level of acceptance. The 

distance between participants’ place of residence and the geothermal technology 

location was calculated in kilometres (straight line between the two points). Four 

participants did not indicate the specific city/village of residence while indicating only 

“Cornwall”, therefore this analysis included four NAs. Regression analyses revealed no 

significant relationship between physical proximity and social acceptance (β = -.002; p 

= .278), in line with other studies examining the effect of the physical proximity of 

climate mitigation projects on public support (e.g., Hart et al., 2015). A visual 

inspection through boxplots of the aggregate mean of social acceptance grouped by 

three distance subcategories consisting in “small” (≤ 9.03 Km, n = 127, i.e., ≤ 25° 

percentile), “medium” (> 9.03 km & ≤ 21.74 km, n = 122, i.e., ≤ 50° percentile), and 

“large” (> 21.74 km, n = 243, i.e., > 50° percentile) distance, further confirmed no 

relationship between social acceptance and spatial proximity. This analysis excluded 

those who only indicated “Cornwall” as their place of residence, without specifying 

their village/city (n = 4). 
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 For graphical purposes, participants’ social acceptance scores were aggregated 

according to place of residence (e.g., Truro, Redruth, etc.) by taking an average. For 

example, if participant “A” from Truro had an average level of acceptance of 4.25 

(aggregating the four items of acceptance) and participant “B” from Truro had an 

average level of acceptance of 5.25, the aggregate measure of acceptance for those 

living in Truro was 4.75. Therefore, data points in Figure 2 correspond to average social 

acceptance in each place of residence considered (N = 90). The result was then mapped 

according to the latitude and longitude coordinates of each city/village. As shown in 

Figure 2, participants largely accepted the geothermal technology.  

 

 

 
Figure 2. Data points by participants’ city/village of residence representing average 

level of social acceptance of deep geothermal energy in Cornwall (UK).  
 

3.3.2 Measurement model 

A Confirmatory Factor Analysis was first run (CFA). The evaluation of the model fit 

was based on conventional criteria. For the Root Mean Square Error of Approximation 

(RMSEA) and the Standardized Root Mean Square Residual (SRMR) indices values ≤ 

.08 indicate a reasonable fit (Hu & Bentler, 1999). Regarding the Comparative Fit Index 

(CFI) and the Tucker–Lewis index (TLI), an acceptable fit is indicated by values > .90, 

values close to 1 indicate a better fit (Bentler, 1990). Examination of variables’ 

distribution was carried out using density and Q-Q plots, which showed not normally 

distributed data. Therefore, a maximum likelihood estimator with robust standard errors 
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(MLR) was employed as it is robust against violations of normality. Accepted loadings 

were set to ≥.5. 

 

Step 1 

A confirmatory factor analysis including the original pre-registered items was tested. 

The model showed poor model fit (χ2
329 1510.918, p < .001; SRMR =.087; RMSEA= 

.094, 90% confidence interval (CI) [.089, .099]); CFI= .856; TLI= .835). All the reverse 

coded items loaded weakly onto their corresponding factor (range between -.007 and 

.514). This was in line with previous literature showing that reverse code items can 

negatively affect the covariance structure of a scale (e.g., Zhang et al., 2016). Therefore, 

all reverse coded items were dropped. As the descriptive norms scale included two, out 

of four, reverse coded items, the two remaining loadings were constrained to be equal to 

avoid empirical under-identification (Kline, 2015). The result from the CFA showed 

that the model fit improved when dropping all the reverse coded items, showing 

acceptable fit to the data (χ2
210 506.843, p < .001; SRMR =. 039; RMSEA= .059, 90% 

confidence interval (CI) [.053, .066]); CFI= .961; TLI= .954). Standardised factor 

loadings ranged between .651 and .965.  

 

Step 2 

In this step, the model residuals were extracted. The highest residual covariance was 

shared between two indicators of the Cornish identity scale (r = .203). In fact, the 

modification index suggested that including the residual correlation between the 

indicators “I identify with other Cornish people” and “I feel connected with other 

Cornish people” would have improved the χ2 statistics by 231.821. The Spearman 

correlation between those items of the Cornish Identity was >.80 (r = 0.85, p < .001), 

indicating redundancy. This was consistent with van Zomeren at al.’s study (2010), 
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from which I adapted the scale, as the Cronbach’s alpha of the same scale in their study 

suggests high correlation between the scale items (a = .90). It has also been recently 

addressed that similar item meanings are likely to exhibit correlated residuals in 

confirmatory factor analysis (Bandalos, 2021). To account for the redundancy effects, a 

new model with the residuals correlation between the two indicators was tested. The fit 

of the model improved and fit well (χ2
209 311.840, p < .001; SRMR = .041; RMSEA= 

.035, 90% confidence interval (CI) [.026, .043]); CFI= .987; TLI= .984).  

 

Step 3 

As a last step, the latent covariate “environmental group identity” was included in the 

model. The model showed good loadings and acceptable fit indices (χ2
271 406.170, p < 

.001; SRMR = .043; RMSEA= .035, 90% confidence interval (CI) [.028, .042]); CFI= 

.985; TLI= .982).  

The correlation matrix presented in Table 2 refers to the averaged indicators after the 

measurement model (CFA) test. Parameter estimates of the CFA model are presented in 

Table 3.  
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Table 2 

Means, standard deviations, Cronbach’s Alpha, and bivariate correlations.  

 M (SD) 𝛼 1 2 3 4 5 6 7 8 

1. Social 

acceptance 
5.92 (1.32) .95 1.00        

2. Appraisal of 

environ. crisis 
5.78 (1.42) .91 .44 *** 1.00       

3. Group-based 

posit. emotions 
5.14 (1.46) .87 .66 *** .41 *** 1.00      

4. Group-based 

negat. emotions 
2.33 (1.42) .86 -.50 *** -.24 *** -.46 *** 1.00     

5. Reg, collective 

efficacy 
5.11 (1.32) .89 .43 *** .30 *** .51 *** -.19 *** 1.00    

6. Ingroup 

    identification 
4.45 (1.9) .93 .07   .00 .18 ***  .00 .29 *** 1.00   

7. Descriptive 

norms 
4.75 (1.38) .86 .45 *** .15 *** .49 *** -.25 *** .54 *** .27 *** 1.00  

8. Environment. 

group identity 
5.07 (1.48) .91 .31 *** .30 *** .38 *** -.07  .61 *** .22 ***  .40 *** 1.00 

9. Knowledge 2.90 (1.89) n.a. .25 *** .11 * .25 *** -.11 * .12 ** .13 ** .22 *** .05 

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

Note. Cronbach’s Alpha is calculated using polychoric correlations via semTools::reliability() 
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Table 3 

Parameter estimates of the confirmatory factor analysis (Study 2). 

Latent Factor Indicator B SE Z 
p-

value 
β 

App. Env. Cri. crisis_2 1.000 .000   .957 

 crisis_1 .939 .043 21.684 < .001 .842 

 crisis_3 .929 .046 20.058 < .001 .836 

Soc. Accep. accep_2 1.000 .000   .965 

 accep_1 .984 .029 33.379 < .001 .946 

 accep_3 .957 .035 27.233 < .001 .859 

 accep_4 .907 .045 20.198 < .001 .893 

Coll. Effic. effic_1 1.000 .000   .904 

 efficacy_2 .976 .031 31.318 < .001 .870 

 efficacy_3 .943 .035 27.048 < .001 .805 

Gr. Pos. Em. hopeful 1.000 .000   .857 

 proud 1.097 .050 22.049 < .001 .834 

 good 1.042 .048 21.812 < .001 .824 

Ingr. Ident. soc_ide_2 1.000 .000   .952 

 soc_ide_1 1.025 .021 49.054 < .001 .934 

 soc_ide_3 .764 .030 25.485 < .001 .812 

 soc_ide_4 .627 .034 18.687 < .001 .714 

 soc_ide_5 .855 .035 24.729 < .001 .775 

Gr. Neg. Em. worried 1.000 .000   .914 

 anxious 1.061 .067 15.921 < .001 .896 

 frustrated .727 .060 12.162 < .001 .651 

Descr. Norms norm_1 1.000 .000   .877 

 norm_2 1.000 .000   .862 

Env. Gr. Iden. env_id_2 1.000 .000   .920 

 env_id_1 .898 .040 22.567 < .001 .828 

 env_id_3 .962 .039 24.746 < .001 .893 

B = non-standardised estimate; SE = standard error; Z= test statistic; p-value = values 

of p corresponding to the z-statistic; β = standardised estimate. Note. The first indicator of each latent 

construct was used as a marker for scaling and identification purposes. 

 

 

3.3.3 Testing direct and interaction effects with the aggregated measures 

The effect of the two interactions on social acceptance was preliminarily tested using 

aggregate measures and a robust standard error estimator to account for 

heteroscedasticity (“HC3”, see Long & Ervin, 2000). Both results and visual inspection 

showed no interaction effects, while the direct effect of the regional collective efficacy 
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(β = .45; p = < .001) and descriptive norms (β = .37; p = .001) on social acceptance was 

significant.  

 As Masson and Fritsche (2021) further clarified, sufficiently high scores on both 

social norms and collective efficacy might be needed for one of them to have an effect 

on people’s intentions. Therefore, a three-way interaction using ingroup identification 

and social norms as moderators was also explored. The three-way interaction was not 

significant. 

 A model with all variables included was then fitted: appraisal of the 

environmental crisis, positive and negative emotion, ingroup identification, descriptive 

norms, and regional collective efficacy were regressed on social acceptance. All direct 

paths were significant except for ingroup identification.  

 Based on these preliminary results, further paths were added to be explored via 

structural equation modelling. The remaining results section is structured into three sub-

sections: 

 1) Pre-registered model 1 – full model. The pre-registered structural equation 

model was tested; 

 2) Pre-registered model 2 – parsimonious model. Only the central variables 

(ingroup identification, social norms, collective efficacy) were tested, as described in 

the pre-registration as alternative to the full model. 

 3) Exploratory model. In this exploratory model, the ingroup identification is 

supposed to activate expectations about what the in-group actually does (descriptive 

norms) and what the in-group is able to achieve (collective efficacy). In this sense, 

perception of regional collective efficacy and descriptive norms stem from a salient 

social identity. No interaction effects were included: ingroup identification is 

conceptualised as a predictor of descriptive norms and regional collective efficacy. This 

exploratory model was based on previous literature highlighting the role of ingroup 
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identification as a predictor of social norms norms and collective efficacy (Rees & 

Bamberg, 2014 for both norms and efficacy; van Zomeren et al., 2008 for the efficacy; 

Masson et al., 2016 for the norms). 

 All the pre-registered paths were included (crisis → emotions→ efficacy/norms 

→ acceptance) and two direct effects between group-based emotions (positive and 

negative) and social acceptance were further included as these were recently found to be 

important drivers in the specific context of enhanced geothermal systems (Lu et al., 

2021) and in close contexts such as perceived emotions from gas extraction procedures 

(Vrieling et al., 2021). The relationship between norms, efficacy and identity was 

conceptualised as follows: ingroup identification would be associated with both regional 

collective efficacy and descriptive norms, and these in turn would positively be 

associated with social acceptance. This exploratory model included the same correlated 

residuals as the confirmatory model (i.e., between two items of ingroup identification, 

and between positive and negative emotions). Also, the direct effect of ingroup 

identification on social acceptance was controlled. Figure 4 in the Results section 

further clarifies the paths of this exploratory model.  

 

3.3.4 Results of the pre-registered model 1 – full model 

3.3.4.1 Transformation of variables for the moderation analyses  

The interactions in the structural model were computed using an unconstrained 

approach, via product indicators, which is robust against violation of multivariate 

normality (Marsh et al., 2004). This approach showed comparable results to other 

approaches used in structural equation models such as the 2-stage least square and the 

latent moderated structural equation estimators (Brandt et al., 2020; Wu et al., 2013). 

The new variables were created using a match-paired approach (see Marsh et al., 2012) 

and using a double-mean-centering strategy (the latter performs better than other 
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strategies when the assumption of normality is violated, Lin et. al., 2010). Therefore, 

each mean of the indicators was centered, as well as the resulting product indicator. As 

the number of indicators was different across factors and a match-paired approach was 

adopted, some items were parcelled so that each factor would have the same number of 

indicators. This procedure has been suggested by Marsh and colleagues (2004; 2012). 

For the product indicators between the ingroup identification indicators and the 

collective efficacy indicators, two pairs of indicators of the ingroup identification 

variables were averaged, so that the ingroup identification variable had three indicators 

in total as well as the collective efficacy variable. Then, the three indicators of the 

ingroup identification variable were matched with indicators of the collective efficacy 

only once (the information from the same indicators were not repeated). The same 

procedure was adopted for the interaction with the descriptive norms. The choice of 

what indicator should match with what other indicator was based on indicator quality 

(i.e., loadings) as suggested by Marsh and colleagues (2004).  

 

Step 1 

The proposed structural model could not be accepted because the SRMR index did not 

achieve an acceptable value (χ2
335 856.413, p < .001; SRMR = .119; RMSEA= .062, 

90% confidence interval (CI) [.057, .068]); CFI= .940; TLI= .932). An inspection of the 

residual covariance matrix of the structural model showed correlated values between 

indicators of the positive and negative emotions (for example, between “anxious” and 

“good”, res = .273, unstandardised). It seemed reasonable that the two collective 

emotions factors could share error variance. In fact, the perceived emotions were 

investigated by asking one question for both positive and negative emotions which 

probably contributed to shared error variance (Cole et al., 2007). Therefore, residuals of 

positive and negative emotions were allowed to correlate. This strategy to freely 
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estimate the covariance between positive and negative affects was also adopted in 

previous studies examining similar topics (e.g., Huijts et al., 2014; Midden & Huijts, 

2009; Onwezen et al., 2014). For example, Onwezen and colleagues allowed the two 

endogenous factors of anticipated pride and guilt to correlate in their structural equation 

model.  

 Then, the model was ran again including the correlated residuals between 

positive and negative emotions. The model showed an improvement but the SRMR 

index was still not acceptable (χ2
334 803.096, p < .001; SRMR = .105; RMSEA= .059, 

90% confidence interval (CI) [.054, .064]); CFI= .946; TLI= .939). 

 

3.3.5 Results of the pre-registered model 2 – parsimonious model 

In this parsimonious model, the SEM model only included the main variables of interest 

(i.e., ingroup identification, regional collective efficacy, descriptive norms, social 

acceptance). The model fit was acceptable (χ2
138 433.280, p < .001; SRMR = .042; 

RMSEA= .075, 90% confidence interval (CI) [.067, .083]); CFI= .949; TLI= .936) and 

good when including the residuals correlations described in step 2 of the confirmatory 

factor analysis (i.e., between the two ingroup identification items) (χ2
137 242.982, p < 

.001; SRMR = .043; RMSEA= .045, 90% confidence interval (CI) [.035, .054]); CFI= 

.982; TLI= .977). Both models, with and without the residual correlations, had the same 

significant and non-significant regressions showing consistent and stable paths.  

 The model with included residual correlation is discussed here: there were 

significant relationships between social acceptance and group processes of descriptive 

norms (β = .44 [.318, .568]; p = < .001) and regional collective efficacy (β = .22 [.087, 

.358]; p = .001), confirming H3 and H4. The direct relationship between ingroup 

identification and social acceptance was not hypothesised, however I had to include this 

path in order to test the interactions. This direct relationship was not significant (β = -



 78 

0.07 [-.052, .007]; p = .074), nor were the interaction effects between ingroup 

identification and collective efficacy (β = -.13 [-.291, .031]; p = .11) and ingroup 

identification and descriptive norms (β = .049 [-.104, .203]; p = .528) significant (H5 

could not be supported, see Figure 3).  

 

 

 
Figure 3. Graphical representation of the pre-registered model 2.  

The dashed line indicates non-significant paths. Note. Indicators of the latent variables, 

variance between exogenous variables, and error variance are not reported in this figure 

to improve readability. 
 

3.3.6 Results of the exploratory model 

Having tested different versions of the preregistered models, here an additional 

exploratory model is tested. The role of ingroup identification is explored here as a 

predictor rather than as a moderator of descriptive norms and collective efficacy. 

 Path stability of the alternative-exploratory model was tested by separately 

introducing the main variables of interest, regional collective efficacy (Model A) and 

descriptive norms (Model B), to then test the model with both these variables at the 

same time (Model C) (see Tables 5, 6, and 7). The model with only the regional 

collective efficacy included showed acceptable model fit as did the models with only 

the descriptive norms included and with both variables, efficacy and norms, included 

(see fit indices in Table 4). 
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Table 4 

Model fit indices of the SEM models (A, B, and C). 

 df χ2 
RMSEA

CI L. 
RMSEA 

RMSEA 

CI U. 
SRMR CFI TLI 

Mod. A 177 292.523*** .032 .040 .048 .067 .984 .981 

Mod. B 159 243.917*** .027 .036 .045 .064 .988 .985 

Mod. C 215 397.300*** .039 .046 .053 .073 .976 .972 

Note. Model A did not include the effect of descriptive norms, Model B did not include the 

effect of efficacy beliefs, Model C included the effect of both norms and efficacy. *** p < 

.001. RMSEA CI L. = 90% Lower confidence interval; RMSEA CI U. = 90% Upper confidence 

interval. 
 

Results of the Model A are presented in Table 5. This model shown that appraisal of the 

environmental crisis from energy source predicted both positive and negative group-

based emotions. Then, positive group-based emotions and ingroup identification 

predicted regional collective efficacy, while group-based negative emotions did not. 

Social acceptance was positively predicted by regional collective efficacy, group-based 

positive and negative emotions. Finally, ingroup identification did not directly predict 

social acceptance.  

 Indirect effects computed with Monte Carlo method (MacKinnon et al., 2004) 

showed that the path from appraisal of the environmental crisis, via positive emotions 

and collective efficacy, to social acceptance was significant, although weak (MC ind= 

.046, CI [.015 - .084], p = .007). The indirect effect from ingroup identification, via 

collective efficacy, on social acceptance was significant but weak as well (MC ind= 

.025, CI [.008 - .050], p = .014).  
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Table 5  

Results of the Structural Model A. 

Model A   

Paths Β [95% CI] p value 

cri → pos .461 [.365, .557] < .001 

cri → neg -.243 [-.341, -.146] < .001 

pos → eff .560 [.455, .664] < .001 

neg → eff .033 [-.078, .144] .565 

ide → eff .228 [.139, .317] < .001 

pos → acc .538 [.414, .663] < .001 

neg → acc -.189 [-.288, -.089] < .001 

eff → acc .180 [.059 , .300] .004 

ide → acc -.018 [-.088, .053] .626 

cri = appraisal of environmental crisis; pos = group-based positive emotions; neg = group-based 

negative emotions; eff = regional collective efficacy; ide = ingroup identification; acc = social 

acceptance. Coefficients and confidence intervals are standardised. 

 

In Model B, collective efficacy was substituted by descriptive norm. The pattern of 

results (Table 6) was the same of Model A. Indirect effects computed with Monte Carlo 

method (MacKinnon et al., 2004) showed that the path from appraisal of the 

environmental crisis, via positive emotions and descriptive norms, to social acceptance 

was significant and stronger in this Model (MC ind= .064, CI [.034 - .111], p = < .001) 

than the observed indirect effects of collective efficacy in Model A. The indirect effect 

from ingroup identification, via descriptive norms, on social acceptance was significant 

but weak (MC ind= .032, CI [.014 - .057], p = .003).  
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Table 6 

Results of the Structural Model B. 

Model B   

Paths Β [95% CI] p value 

cri → pos .453 [.355, .550] < .001 

cri → neg -.176 [-.270, -.083] < .001 

pos → des .548 [.438, .658] < .001 

neg → des -.023 [-.128, .081] .664 

ide → des .203 [.108, .299] < .001 

pos → acc .500 [.388, .611] < .001 

neg → acc -.159 [-.259, -.058] .002 

des → acc .261 [.152, .369] < .001 

ide → acc -.021 [-.092, .050] .563 

cri = appraisal of environmental crisis; pos = group-based positive emotions; neg = group-based 

negative emotions; ide = ingroup identification; acc = social acceptance; desc = descriptive 

norms. Coefficients and confidence intervals are standardised. 

 

 As presented in Table 7, the effect of collective efficacy on social acceptance 

was no longer significant when including the effect of descriptive social norms (Model 

C). In particular, Model C showed that appraisal of the environmental crisis from 

energy sources predicted both positive and negative group-based emotions, then the 

positive group-based emotions predicted both descriptive norms and regional collective 

efficacy. Negative group-based emotions were not associated with regional collective 

efficacy and descriptive norms. In addition to the group-based positive emotions, 

descriptive norms and regional collective efficacy were predicted by ingroup 

identification. Further, descriptive norms predicted social acceptance while regional 

collective efficacy and ingroup identification did not predict social acceptance. Finally, 

both positive and negative emotions also directly predicted social acceptance. Figure 5 

additionally presents the path described in Model C (Table 7). 

 In this model, only indirect paths that included descriptive norms were 

significant. The path from appraisal of the environmental crisis, via positive emotions 
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and descriptive norms, to social acceptance was (MC ind= .050, CI [.019 - .082], p = 

.022). The indirect effect from ingroup identification, via descriptive norms, on social 

acceptance was (MC ind= .025, CI [.008 - .048], p = .009). Therefore, the association 

between ingroup identification and social acceptance was fully mediated by descriptive 

norms. 

 Model C with the covariates gender, political orientation, subjective knowledge, 

and environmental group identity included showed a good fit as well (χ2
340 669.668, p < 

.001; SRMR = .056; RMSEA= .048, 90% confidence interval (CI) [.043, .053]); CFI= 

.965; TLI= .958) and the significant and non-significant paths did not differ from Model 

C (apart from changes in coefficients’ magnitude). Interestingly, environmental group 

identity was positively associated with group-based positive emotions (β = .28 [.176, 

.392]; p = < .001), descriptive norms (β = .24 [.115, .364]; p = < .001), regional 

collective efficacy (β = .54 [.445, .640]; p = < .001), but not with group-based negative 

emotions (β = .02 [-.089, .124]; p = .748) and social acceptance (β = .054 [-.065, .173]; 

p = .374). 
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Table 7 

Results of the Structural Model C. 

Model C   

Paths Β [95% CI] p value 

cri → pos .458 [.362, .554] < .001 

cri → neg -.244 [-.342, -.146] < .001 

pos → eff .596 [.487, .705] < .001 

pos → des .581 [.473, .690] < .001 

neg → eff .047 [-.067, .162] .418 

neg → des -.026 [-.138, .085] .646 

ide → des .200 [.104, .296] < .001 

ide → eff .227 [.137, .317] < .001 

pos → acc .486 [.352, .620] < .001 

neg → acc -.176 [-.271, -.080] < .001 

des → acc .199 [.087, .312] .001 

eff → acc .088 [-.035, 0.210] .162 

ide → acc -.037 [-.109, .035] .310 

cri = appraisal of environmental crisis; pos = group-based positive emotions; neg = group-based 

negative emotions; eff = regional collective efficacy; ide = ingroup identification; acc = social 

acceptance; desc = descriptive norms. Coefficients and confidence intervals are standardised. 

 

 

 
 

Figure 4.  Graphical representation of the exploratory Model C.  

The dashed line indicates non-significant paths. This model does not include the effect 

of covariates. Note. Loadings of the latent variable indicators, variance between 

exogenous variables, error variance, and the two correlated residuals are not reported in 

this figure to simplify presentation. Coefficients are standardised. 
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3.3.7 Summary of the results  

Since the change in the exploratory model, respect to the full-preregistered model, only 

consisted of changing the role of ingroup identification (from moderator to predictor), 

the results are summarised as follows: hypotheses H1 and H2, based on Model C; H3 

and H4 based on both the preregistered parsimonious model and on Model C; H5 based 

on the full preregistered model, the preregistered parsimonious model, and the 

regression model with aggregated measures; H6 based on Model C. 

 

H1: this hypothesis was supported in Model C. 

H2: this hypothesis was partially supported in Model C. Only positive group-based 

emotions were significantly associated with both descriptive norms and collective 

efficacy. 

H3: this hypothesis was supported in the preregistered parsimonious model and in 

Model C. 

H4: this hypothesis was supported in the preregistered parsimonious model, but not in 

Model C. 

H5: this hypothesis could not be supported. 

H6a, H6b, H6c, H6d: only H6a was supported. 

 

The additional paths (i.e., not preregistered) tested in Model C showed that ingroup 

identification was associated with both descriptive norms and collective efficacy, and 

that ingroup identification was indirectly, and weakly, associated with social acceptance 

via descriptive norms (but not via collective efficacy). 
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3.4 Discussion 

The present study aimed to test an adapted version of the SIMPEA model (Fritsche et 

al., 2018) into the context of social acceptance of renewable large-scale energy 

technologies. In particular, this study was based in Cornwall (UK), where a deep 

geothermal energy technology is currently being implemented. The model tested 

included a series of relevant variables taking into account the role of social dimensions 

in the acceptance of the geothermal energy technology.  

 The hypotheses of the full preregistered model considered the following paths: 

appraisal of environmental crisis from energy sources was expected to be predicted by 

positive and negative group-based emotions, both emotions were then expected to 

predict both descriptive norms and collective efficacy, the outcome variable social 

acceptance was, in turn, predicted by descriptive norms and collective efficacy. Finally, 

it was expected that the association of descriptive norms and collective efficacy with 

social acceptance of the geothermal energy was stronger for high level of ingroup 

identification. This model could not be accepted according to model fit indices. 

 An alternative exploratory model was tested based on other relevant studies 

showing that ingroup identification might better work as a predictor of collective 

efficacy and descriptive norms rather than as a moderator. This model showed adequate 

model fit indices.  

 A more detailed explanation and discussion of both the preregistered and the 

exploratory models is presented in the next sections. 

 

3.4.1 Interactions and pre-registered models discussion 

Starting with the pre-registered model, different methods of analysis found limited fit 

and lack of evidence supporting the hypothesised interactions. Therefore, the original 

model was simplified to one that only included the core variables, as also pre-registered. 
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When testing the pre-registered model with only the core variables (i.e., ingroup 

identification, descriptive norms, regional collective efficacy, and social acceptance) the 

model showed acceptable fit. However, the interaction effects were still not significant. 

 Reflecting back on the pre-registration regarding the full model, some aspects 

appear important that could explain why the data did not support the hypothesised 

model. One key aspect is the difference in the type of outcome behaviour. As long as 

individuals have to actively do something, such as general pro-environmental 

behaviours (e.g., participate in environmental initiatives), the moderating role of 

ingroup identification might occur; that is, the effect of the regional collective efficacy 

and descriptive norms on the outcome variable changes depending on high/low level of 

social identification (Masson & Fritsche, 2014). However, if the collective effort means 

passively accepting something despite some disadvantages (e.g., noise pollution) in 

order to achieve valuable goals (e.g., renewable energy production), the role of ingroup 

identification might be seen more as a prompt that makes the regional collective 

efficacy and social norms salient in a certain context.  

 Although I did not find the interaction effects expected, it is possible that the 

effects found in the present study would emerge differently in other contexts where the 

outcome variable represents a more active and costly pro-environmental behaviour (e.g., 

reduce meat intake or collective protests) and not a passive acceptance. As Masson and 

Fritsche (2014) found, the moderation effect was more pronounced for high-cost 

behaviour such as a boycott of companies harmful to the environment. This possible 

difference would need further examination in future studies.  

 It has also been shown that the type of social identity considered could lead to 

different responses in terms of pro-environmental behaviours. In particular, 

identification with a pro-environmental opinion-based group seems to be more strongly 

associated with pro-environmental behaviour compared to more general social 
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categorisations types such as “nationality” (Schulte et al., 2020). Experimental evidence 

is needed to verify the moderation effect of general social identification with groups 

(e.g., gender, nationality) compared to identification with opinion-based groups. The 

difference between these two types of identification might be the salience and the 

importance given to certain contents, attributes, norms, and beliefs of a certain identity. 

On the one hand, pre-existing identity categories might or might not include specific 

directions and purposes toward environmental relevant behaviours (Milfont et al., 

2020), and the salience of those attributes and purposes might differ according to the 

context and comparative outgroup (Rabinovich et al., 2012). On the other hand, pro-

environmental opinion-base groups are more intrinsically and unequivocally associated 

with environmental behaviour. The main advantage of targeting group identity based on 

people’s regions and nations is that these groups already exist and are large in size. 

However, smaller groups representing the minority can actually trigger social changes 

in the environmental domain and have the power to influence the majority (Bolderdijk 

& Jans, 2021).  

 Lastly, Masson at al. (2016) explained that a mediation path from ingroup 

identification to pro-environmental intentions via ingroup descriptive norms can be the 

result of an identity enhancement strategy motivated by people’s tendency to see their 

group in a positive light. This interpretation fits well with the results of Study 1 

(Chapter 2), where people clearly expressed a sense of proudness associated with the 

development of geothermal technology. Therefore, for the present study, it seems 

reasonable to conclude that the perceived ingroup norms, and also the perceived 

collective efficacy, could have been biased by ingroup identification: the latter favoured 

beliefs that people’s group were behaving according to ideal standards. It is important to 

take into account that Masson and colleagues (2016) did have tested a mediation path 
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but the ingroup identification was manipulated (high vs. low) and not measured as in 

the present study. Therefore, the two studies cannot be directly comparable.   

 

3.4.2 Exploratory model discussion 

In this model, the role of ingroup identification was conceptualised as a predictor of 

descriptive norms and collective efficacy, and not as a moderator. The other expected 

paths were the same as preregistered. The reasoning was based on previous relevant 

literature showing these possible alternative paths (e.g., Rees & Bamberg, 2014; 

Masson et al., 2016).  

 The results showed that the appraisal of environmental crisis from energy 

sources was significantly associated with the extent to which individuals felt group-

based emotions regarding the decision made by local authorities and communities to 

implement geothermal technology in Cornwall. That is, the more people felt that fossil 

fuel energy sources were linked to severe environmental problems and greenhouse gas 

emissions, the more people felt good, hopeful and proud about that decision, and, in 

parallel, felt less worried, anxious, and frustrated. As Fritsche and colleagues argued 

“Perceptions of high (vs. low) environmental risk may prevent the experience of 

collective guilt and thus reduce reparation intention.” (2018, p. 13). Similarly, in the 

present study, the extent to which participants perceived that the environmental crisis 

from energy sources was important was associated with the experience of emotions 

toward the decision of the ingroup to implement a (renewable) large-scale technology in 

the region (i.e., the geothermal energy technology).  

 Group-based positive emotions, in turn, significantly predicted both regional 

collective efficacy and descriptive norms. This means that group-based positive 

emotions from the decision made by local authorities and communities to implement 

geothermal technology in Cornwall were positively associated with both the belief that 
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the ingroup could achieved progress in renewables and the belief that other people in 

their region accepted the geothermal technology. However, the relationships between 

negative emotions and collective efficacy and descriptive norms were not significant: 

the extent to which people felt worried, frustrated and anxious about the decision made 

by local authorities and communities to implement the geothermal energy did not 

predict people’s beliefs about the ability of their ingroup to progress in renewables 

(regional collective efficacy), nor about what they thought other people in their region 

did (descriptive norms).  

 Having said that, the zero-order correlation matrix showed a weak negative and 

significant correlation between these group-based negative emotions and regional 

collective efficacy and descriptive norms. This suggests that the weak effect of negative 

emotions was no longer relevant in predicting collective efficacy and descriptive norms 

after controlling for variance and covariance of the other variables included in the 

model. One explanation of this non-significant effect could be related to self-defence 

mechanisms where people are less prone to admit negative aspects of the ingroup’s 

decisions and/or general negative group attributes (e.g., Doosje et al., 1998; Bonaiuto et 

al., 1996). Although the direct relationship between negative emotions and social 

acceptance was significant, the magnitude of this effect was weaker compared to the 

effect of positive emotions. This might be especially true among high identifiers 

(Doosje et al., 1998). Further studies are needed to better explain this effect on the 

group-level.  

 It is important to also take into account the way in which I have adapted the 

source of the positive and negative emotions in the present study. In fact, the SIMPEA 

model proposed different examples in which emotions can be contextualised in the 

model: anxiety from the global environmental crisis that affects the group (Jonas et al., 

2014); collective guilt from learning that the ingroup creates more carbon emissions 
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than the outgroup (Mallett et al., 2013); collective guilt (Mallet et al., 2012; Hart et al., 

2013) and collective anger (e.g., Hart et al., 2013) from the perception that the ingroup 

contributes to global warming; collective guilt from the awareness that humans are 

responsible for the most part to the climate change (Ferguson & Branscombe, 2010); 

and collective pride from the ingroup’s responsibility for environmental protection 

contributions (Hart et al., 2013). The conceptualisation of the group-based emotions in 

the present study was closed to Hart and colleagues’ ones. In the present study, 

emotions were related to the ingroup decision and responsibility for (renewable) energy 

technology implementations. It might be possible that negative emotions based on the 

ingroup contribution to global warming could have, instead, presented a different and 

significant relationship with both regional collective efficacy and descriptive norms. 

Further studies are needed to compare the different effects of group-based emotions 

emerging from reparative ingroup decisions (e.g., renewable energy technology 

implementation decisions, environmental policy measure decisions) versus general 

harmful group behaviour for the environment (e.g., carbon emission production). 

 Descriptive norms showed a significant and positive association with social 

acceptance. Therefore, the more people thought that other people in their region 

accepted the geothermal technology, the more they accepted the geothermal technology. 

The path from the appraisal of environmental crisis from energy sources, positive 

group-based emotions, and descriptive norms to social acceptance was therefore 

supported.  

 Regional collective efficacy showed a significant association with social 

acceptance only when descriptive norms were not included in the model. Consistently, a 

recent study has showed unstable results for the effect of different types of perceived 

efficacy (e.g., self-efficacy, collective efficacy) on both policy support and behavioural 

intention (Choi & Hart, 2021). To my knowledge, no previous studies showed this type 
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of dynamic between descriptive norms and collective efficacy. Looking at the 

coefficients’ magnitude, it seemed that group-based positive emotions and descriptive 

norms might be sufficient alone to explain the effect of social identity secondary group-

processes on low-effort environmental relevant behaviour such as social acceptance of 

large-scale energy technology. Importantly, while the correspondence between 

descriptive norms and social acceptance, and between group-based positive emotions 

and social acceptance, was strong (as they specifically refer to the geothermal 

technology), the correspondence between regional collective efficacy and social 

acceptance was weaker. In fact, regional collective efficacy was operationalised in the 

present study as a general belief regarding the ingroup ability to successfully manage 

and achieve its goals in renewables. This might be one of the reasons why regional 

collective efficacy was a weaker predictor compared to group-based positive emotions 

and descriptive norms. It also important to point out that zero-order correlations 

between descriptive norms and social acceptance, and between regional collective 

efficacy and social acceptance were almost equal (r = .45 for descriptive norms and r = 

.43 for regional collective efficacy). Therefore, similarity of content might be not 

sufficient to explain the lack of effect of regional collective efficacy on social 

acceptance when also including descriptive norms in the exploratory model. Further 

studies should better investigate this type of regional collective efficacy in the context 

of the public sphere of environmental behaviours such as acceptance of energy policies 

and of renewable technologies. As Bandura (2002) pointed out, people need to believe 

that their actions produce the desired outcome in order to persevere despite any 

difficulties. It could be argued that the same mechanism might occur when people are 

asked to passively accept/not accept something relevant. In this sense, in order to accept 

renewable-related projects and, indirectly, the associated costs and risks, people need to 

believe that progress in renewables implementation in their own region are achievable. 



 92 

They need to believe that efforts to increase the use of renewable options are not in 

vain.  

 In the exploratory models, ingroup identification was a significant predictor of 

both descriptive norm and efficacy beliefs. These results corroborate with Rees and 

Bamberg (2014), and with Masson et al. (2016) for what concerns the path from 

ingroup identification via descriptive norms. Even if not directly comparable for the 

different outcome variable used as well as for the different conceptualisation of the 

collective efficacy beliefs, the present results are also in line with the sequential path 

proposed in the SIMCA model (van Zomeren et al., 2008) where collective efficacy is 

predicted by social identity. Although, in the present study and differently from the 

SIMCA model, ingroup identification did not directly predict the outcome variable, but 

only indirectly via efficacy beliefs (Model A). 

 Future studies might also verify to what extent social identity processes explain 

the social acceptance of large-scale technology beyond more individualistic variables 

such as perceived risks from energy technology. For example, does the content of a 

normative belief toward social acceptance emerge because of the perceived risks or it is 

the normative belief that guides risk perception? Especially when there is a high degree 

of uncertainty towards technology risks, is it the primary social identity processes such 

as desire for self-esteem (e.g., Tajfel & Turner, 1979) and/or uncertainty reduction 

(Hogg, 2007) that guide formation of normative beliefs, regardless of perceived risks? 

In this sense, is the extent to which people perceived risks only a mere, more tangible, 

outcome of these primary and secondary social identity processes?   

 

 

 

 



 93 

Limitations 

The results of this study present several limitations. A correlational design was used. 

Therefore, it is not possible to draw conclusions about causal relations between the 

model variables.  

 The questions order in the questionnaire was not randomised, which might have 

exacerbated correlated residuals (Bandalos, 2021). The intention was to allow 

participants to mentally follow the main steps proposed by the SIMPEA model. 

However, it is important to acknowledge that model sequential chains are a 

simplification of how and when humans perceive and feel certain aspects of the social 

context. Also, the SIMPEA model does propose a more interactive view of the variables 

involved. Future studies might test the variables of interest via a nonrecursive model 

(i.e., where causal effect are not unidirectional, see Kline, 2015) which allows for direct 

and indirect feedback loop (e.g., X1 ⇄ X2).  

 Another limitation concerns the conceptualisation of regional collective efficacy. 

One could speculate that overlap between the conceptualisation of this measure in the 

present study and the concept of trust toward the authorities might exist. Future studies 

might test the discriminant validity between those measures.  

 Finally, it would had been good to include other outcome variables such as 

intention to participate in collective protest against the implementation of the 

technology since most of the social identity models are about collective actions. I 

carefully reviewed the possible consequences of this type of questions when participants 

involved in the study are actually embedded in a real-world context and I choose to 

avoid interference with the natural social dynamics happening in that specific time 

frame. Many studies show that the simply asking people how likely they would perform 

a certain behaviour increases the chance that people would actually perform that 
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behaviour (Wilding et al., 2016). Examples of this question-behaviour effect (QBE, 

Sherman, 1980) are voting behaviour, purchase behaviour, and recycling behaviour.   

 

Practical recommendations 

The present work did not in any way aim to recommend to project developers to use 

social identity processes to persuade people into accepting large-scale technologies 

(e.g., using the power of social norms). As Aitken pointed out “Public attitudes and 

responses to wind power should not be examined in order to mitigate potential future 

opposition, but rather in order to understand the social context of renewable energy” 

(2010, p. 1). Instead, communication strategies should have a long-term purpose 

focused on intrinsic environmental motivations. If the ultimate goal of living in a more 

sustainable society is sustained by normative beliefs, people might be less likely to 

question the installation of renewable projects (e.g., wind farms, geothermal 

technologies) as these would be consistent with their social identity, which guide them 

in their everyday life. To develop more specific practical recommendations, further 

correlational and experimental studies are required to replicate the present results and 

sharpen the insights beginning to emerge. 

  

3.5 Conclusion 

This is the first study testing an adapted version of the SIMPEA model (Fritsche et al., 

2018) applied to the context of acceptance of a large-scale energy technology in a real-

world context in Cornwall (UK). The relationship between the appraisal of 

environmental crisis from energy sources, positive/negative group-based emotions, 

descriptive norms, regional collective efficacy, and ingroup identification was examined 

through structural equation modelling. The complete pre-registered model was 

inadequate to represent the relationship between the variables included. Only focusing 
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on core variables, a pre-registered more parsimonious model showed acceptable model 

fit. However, the hypothesised interactions between ingroup identification and regional 

collective efficacy, and between ingroup identification and descriptive norms were not 

significant while the direct relationships of regional collective efficacy and descriptive 

norms with social acceptance were significant. The direction of the paths was then 

revised in light of others social identity-based models (e.g., Rees & Bamberg, 2014), 

still representing the main purpose of the SIMPEA model and including the same 

variables of the full pre-registered model. In this model, ingroup identification was 

treated as a predictor of both regional collective efficacy and descriptive norms. 

Looking at the explained variance, findings from this study suggest that descriptive and 

regional collective efficacy are similarly explained by the appraisal of environmental 

crisis, ingroup identification and group-based emotions. However, people’ beliefs about 

the ingroup ability to successfully manage and achieve its goals in renewables were no 

longer relevant in explaining social acceptance when descriptive norms (together with 

appraisal of environmental crisis, group-based emotions and social identification) was 

included in the model. This last exploratory model explained the data better than the 

pre-registered models. A contribution to a new line of research in the context of social 

acceptance of renewable large-scale energy technologies, within the social identity 

framework, was given by testing an adapted version of the recent SIMPEA model in a 

real-world context. 

 The next Chapter will continue to this line of research. The model proposed will 

investigate the role of group-level autonomy, procedural justice climate, collective self-

determined motivation, and social identity violation, in association with social 

acceptance of deep geothermal energy technology. 
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Chapter 4 – Study 3 

 

 

The role of procedural fairness in the acceptance of deep geothermal 

technology when accounting for social identity violation, group-level 

autonomy, and collective self-determined motivations: a moderated 

mediation analysis. 

 

Abstract 

Previous research has highlighted the key role of procedural fairness perception in the 

acceptance of energy technologies. However, less attention has been given to how 

social dimensions might interact with procedural fairness perception. In this study, I 

investigated the association between the social acceptance of deep geothermal energy 

technology and procedural justice climate perception (i.e., group-level procedural 

fairness) while considering the social dimensions of group-level autonomy, collective 

self-determined motivation, and social identity violation. Results showed that (i) 

Cornish people’s experience of autonomy and collective self-determination was 

positively associated with social acceptance of geothermal energy and that (ii) social 

identity violation had an important role in directly predicting the acceptance of 

geothermal technology and in moderating the effect of a mediation path from group-

level autonomy to social acceptance via procedural fairness perception. I discuss how 

considering collective processes might lead to a better understanding of the key drivers 

underlying the social acceptance of sustainable energy technologies, and might inform 

public engagement. 
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4.1 Introduction  

In the field of energy technology acceptance, special attention has been given to justice-

related perceptions. This attention is largely driven by the recognition that feelings of 

injustice can hinder the implementation of renewable energy projects by motivating 

groups to engage in collective actions, such as protests, to restore justice (e.g., van 

Zomeren et al., 2008).  

 Within the justice framework, research on people’s attitudes and responses 

toward large-scale energy technologies has particularly focused on two types of justice 

perceptions: distributive and procedural justice (van Bommel et al., 2021). The focus is 

respectively on distributive fairness and procedural fairness. Distributive fairness 

involves the perceived fairness of resource distributions. These comprise instrumental 

costs (e.g., local landscape impact and uneven distribution of safety risks) and benefits 

(e.g., valued renewable energy production and monetary compensation) of the outcome 

itself. Procedural fairness concerns the extent to which decision-making procedures 

leading to the implementation of the technology are considered fair by the general 

public and locals (i.e., procedural justice): for example, whether residents are given 

voice during the decision-making process.  

 While distributive fairness has received substantive attention from scholars since 

early work on the social acceptance of energy technologies, the emphasis on procedural 

fairness is more recent (Levenda et al., 2021). The emphasis on procedures in the study 

of public acceptance of energy technologies reflects a shift in emphasis in the general 

social psychology literature, from outcome distribution to processes behind the 

distribution (i.e., procedures). This shift is not new, as it can be traced back to the work 

of Thibaut and Walker in 1975 and it was expanded in 1988 by Lind and Tyler. 

Distributive fairness is certainly a key explanatory variable in many contexts of 

resource allocation (e.g., Vuichard et al., 2022). However, it is important to emphasise 
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that people do not (only) evaluate their social experience based on the outcome 

received, rather people’s evaluation also includes the processes used to reach the 

outcome (Lind & Tyler, 1988; Tyler, 2000).  

 The importance of fair decision-making procedures in the acceptance of energy 

technology has been confirmed in numerous studies (e.g. Gross, 2007; Huijts, 2012; 

Simcock, 2016; Sovacool et al., 2016; Walker et al., 2017; Langer et al., 2018; 

Lienhoop, 2018) and in general environment-related large-scale projects such as dam 

projects (Marques et al., 2015). For example, higher acceptance of a proposed wind 

farm was found when the involved German and Polish citizens had the opportunity to 

participate in the decision-making process (Liebe et al., 2017). Other relevant examples 

can be found in studies investigating fairness perception in relation to the similarly 

controversial carbon dioxide capture and storage (CCS) technology (Terwel et al., 2010) 

and, more recently, for the same energy technology investigated in the present study 

(i.e., deep geothermal technology; Lu et al., 2020). 

 Terwel et al. (2010) found that experimentally manipulated fair group-voice 

procedures (i.e., allowing relevant organisations such as environmental NGOs to voice 

their opinion in the decision-making process about the implementation of a carbon 

dioxide capture and storage, CCS, technology) affected the extent to which people 

accepted CCS policy decisions, with inferred trustworthiness of the decision maker 

mediating this effect. Specifically, group-voice procedures positively influenced 

people’s acceptance toward the policy decision to implement the CCS both directly and 

mediated by the trustworthiness of the political decision maker.  

 It has been recently shown that manipulation of fairness perception (i.e., 

describing the energy developers as authorities open or not open to listening to locals’ 

concerns) led to a positive attitude toward the enhanced geothermal systems (EGS) in 



 99 

the high-fairness condition, which in turn influenced the outcome variable of 

information seeking, related to the development of EGS (Lu et al., 2020).  

 Hence, a practically important and understudied question concerns the 

understanding of the boundary conditions of procedural fairness in the context of social 

acceptance of energy technologies. From a practical point of view, investigating this 

question would help project developers, local and national governments recognise in 

which cases they should prioritise communication campaign investments in fair 

procedures when a large-scale technology is in planning. Therefore, why and in which 

circumstances is procedural fairness important in the context of large-scale energy 

technology acceptance? Specifically, this question arose from the results of Study 1 

(Chapter 2). Results of Study 1 highlighted that social identity processes were an 

important driver of people’s view toward the geothermal energy technology. Moreover, 

participants in Study 1 expressed dissatisfaction on how the procedures of the decision-

making processes (that led to the implementation of the technology) were managed. 

However, the positive identity-related features associated with geothermal technology 

seemed to override possible negative emotions associated with procedures perceived as 

unfair. Therefore, it is unclear how procedural fairness perceptions were related to the 

acceptance of large-scale technology when identity-related outcomes are taken into 

account.  

 In a different research area, Mayer et al. (2009) showed that identity-related 

outcomes (i.e., perceived social identity violation from an authority decision) were 

relevant in explaining the association between experimentally manipulated fair 

procedures and perceived distributive and procedural fairness perceptions. However, as 

better explained in Section 4.2.1, it is not clear if these results could be extended to 

different outcome variables - such as attitudes, behaviours or social acceptance toward 

decisions made by authorities - and when considering a different research field. 
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 Since energy technology implementations are often embedded in contexts of 

limited choice opportunity offered to residents, the important role played by procedural 

fairness can be interpreted, among other factors such as social status implications, in 

light of the primary basic psychological needs of autonomy (Marshall et al., 2017; Ryan 

& Deci, 2000). Therefore, alongside the investigation of the boundary conditions of 

procedural fairness, the present study also aimed to examine the association between the 

perceived (group-level) autonomy (from authorities responsible of the development of 

the geothermal technology) and procedural fairness. In other research contexts, some 

evidence indicated that the extent to which people are given opportunities of choice 

(i.e., autonomy) is associated with fairness-based responses (Chou et al. 2021; van 

Prooijen, 2009). However, to date no research has tested this relationship – autonomy 

perceptions and procedural fairness perceptions – in the context of social acceptance of 

energy technologies. 

 Moreover, it was investigated how this perceived autonomy was associated with 

(collective) self-determined motivations. Self-determined motivations (i.e., motivation 

driven by intrinsic reasons), is a powerful explanatory variable in the general field of 

environmental behaviours, even when controlling for value orientations (Masson & 

Otto, 2021). While, the relationship between autonomy need and self-determined 

motivations is well-known (Ryan & Deci, 2000), there is (i) only limited evidence of 

this relationship in the general field of environmental behaviours (e.g., Aitken et al., 

2016), and policy acceptance (Marshall et al., 2017), (ii) no evidence in the field of 

social acceptance of energy technologies, (iii) and there is only one study that has 

investigated collective levels of self-determined motivations and group levels of 

autonomy perception in another research field (Thomas et al., 2017), and none 

replicating or expanding Thomas et al.’s findings. This will be further explained in 

Section 4.3 of the present study.  
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In summary, based on the real-world context of the implementation of a new 

large-scale energy technology (i.e., geothermal power plant) in Cornwall (UK), the 

current work sheds light on (i) boundary conditions of procedural fairness when 

examining people’s acceptance toward large-scale energy technology, by investigating 

the moderating effect of social identity violation, and (ii) the association between group-

level autonomy need with both procedural fairness and collective self-determined 

motivations in predicting social acceptance of deep geothermal energy technology. 

 

4.2 Why do people care about the fairness of the decision-making procedures? 

There are some key aspects that people usually consider when evaluating procedural 

fairness. According to Tyler’s review (2000), these aspects concern the opportunity to 

participate in the decision-making process with the chance to freely express opinions; 

the neutrality of the authorities, in terms of their honesty, impartiality, and objectivity; 

the trustworthiness of the authorities; the degree to which people feel they are treated 

with dignity and respect. In 2003, Blader and Tyler posited that beyond the quality of 

the decision-making process, interpersonal treatment provided by authorities is also 

another important factor shaping people’s evaluations of procedure fairness. Being 

given the opportunity of voicing their opinions is still considered important to people 

even when they perceive that their contribution may not affect the authorities’ final 

decision (Tyler et al., 1985), and even when their opinions are expressed after the 

decisions are made (Lind et al., 1990). In particular, early-stage public engagement in 

the decision-making process seems to be valued (e.g., Cotton et al., 2011). Furthermore, 

when people receive an unfavourable outcome but they feel that they could have had 

contributed to a more favourable outcome, if involved in the decision-making processes, 

they will feel the most resentment (Folger & Martin, 1986). Since values, moral 

standards, and general social practices guide attention, and shape the level of 



 102 

importance given to certain aspects of the decision-making procedures, there are no 

objectively “right” or “wrong” procedures. Therefore, people’s expectations of what 

“procedural justice” means, what is important for them and how they feel the process 

should be conducted in their specific context is what matters when they evaluate the 

fairness of the decision-making process (Simcock, 2016). These individual and group 

expectations are the results of historical, cultural and social processes (Debbané et al., 

2004).  

 A social identity perspective offers novel and important avenues to the 

understanding of the processes underlying perceived fairness. By adopting such 

perspective, the perceived social structure of the society (e.g., status legitimacy) and 

group processes (e.g., group efficacy), explains the way in which people cope with 

injustice (e.g., Tajfel & Turner, 1979; Becker, 2012; van Zomeren et al., 2004, 2008). 

Indeed, individuals and groups respond to injustice in different ways: from inaction and 

redefinition of the situation to non-normative collective actions. 

 According to the group-value and relational models of procedural injustice (Lind 

& Tyler, 1988; Tyler & Lind, 1992; Tyler et al., 1996), people care about fair 

procedures because these inform group members about their value and status position 

within the ingroup, satisfying their need for self-esteem, and thus contributing to a 

positive identity. This model accounts for intragroup process, where individual group 

members infer information about their status, as members, within their group from a 

relevant ingroup authority. In this sense, group members should give less importance to 

whether outgroup authorities treat them fairly or unfairly compared to treatments 

received by ingroup authorities (e.g., Smith et al., 1998; Tyler et al., 1998). It has also 

been recognised that consequences of unfair decisions could be group-relevant rather 

than individual-relevant (Tyler et al., 1997) depending on whether the authority’s 

decision concerns collective rather than individual outcomes (e.g., Leung et al., 2007), 
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in line with social identity theories (e.g., Hogg & Abrams, 1988; Tajfel & Turner, 

1979). Later on, Tyler and Blader (2002) point out that feelings of pride could emerge 

from two types of evaluations, those based on internal standards related to group values 

and norms, and those based on external standards based on group comparison processes. 

Their results show that feelings of pride emerging from prototypical internal standards 

were more strongly affected by procedural fairness compared to those based on external 

standards.  

 Rather than justice-based, concerns have been found to be more instrumentally 

based (i.e., in terms of decision implications) when people are in a group context 

(Leung et al., 2007). In other words, the favourability of group-relevant outcome 

decisions (i.e., a decision that impacts the collective) is less influenced by a fair process 

than when the favourability is only relevant to the individual. Following this line, 

Urbanska et al., (2019) pointed out that fairness perceptions can be relevant to the 

individual in relation to other individuals within the group, but that these perceptions 

can also be relevant to groups in an intergroup context. In particular, the authors found 

that intergroup status informed expectations of authority fairness (i.e., how authority 

should behave) in terms of favourable outcomes distribution, but not expectations of fair 

procedures (i.e., voice opportunities).  

 Consistently, when the outcome decision is group-relevant as in the field of 

acceptance of large-scale energy technologies such as nuclear power plants, Visschers 

and Siegrist (2012) showed that outcome fairness explained a larger amount of variance 

in the acceptance of the power plant compared to procedural fairness. It is important to 

specify that indicators used by the authors to measure outcome fairness refer to both the 

specific distribution of benefits and costs but also a broad evaluation of the decision as 

fair/no fair and an item that overlapped with the concept of procedural fairness (i.e., 
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“The wishes of the population at the sites are sufficiently considered at the site selection 

of the to-be-replaced nuclear power plants”). 

 

4.2.1 Boundary conditions of the procedural fairness effect 

The importance of self-esteem 

The relevance of self-esteem to understanding procedural fairness effects has also been 

pointed out in other contexts, from a different perspective. While the group-value and 

relational models of procedural injustice previously discussed interpreted the relevance 

of self-esteem as the reason why procedural fairness is important to people, other 

research literature pointed out that reactions toward procedural fairness varies 

depending on the individual’s self-conception and status within a group (Diekmann et 

al., 2007; see also van Prooijen et al., 2002). That is, individual status position within an 

organisation influenced individual’s expectations of procedural fairness deservingness 

and moderated the relation between procedural fairness and job satisfaction so that the 

higher the status position, the more procedural fairness perception influenced job 

satisfaction. Similarly, the effect of procedural fairness has also been shown to be 

moderated by levels of personal and organisation-based self-esteem. In particular, in 

their study 3 Wiesenfeld et al. (2007) showed that people’s absenteeism frequency in 

organisations was negatively predicted by procedural fairness only at high levels of 

organisation-based self-esteem. That is, the more people felt valued in their organisation 

(example item: “I am important around here”), the stronger was the association between 

procedural fairness (example item: “Management treated employees with dignity and 

respect during the changes”) and absenteeism. This association was negative so that the 

more people felt valued, the less was the absenteeism frequency, and it was not 

significant when people had low levels of organisation-based self-esteem (the inverse 

relationship was not found).  
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 In sum, Wiesenfeld et al.’s study highlighted the important role of external self-

esteem (i.e., not informed by procedures as in the value-group model) in shaping the 

reactions to procedural fairness. However, no studies to date have investigated what 

happens to procedural fairness when the outcome of a decision is itself positively 

supporting the individual or the ingroup status. Studies have shown that people evaluate 

their identity and status from resources that they received from their groups, and that 

this lead individual to a stronger engagement in group behaviours such as cooperation 

(Tyler & Blader, 2003). Also, some studies have also showed that implementation of 

energy technologies may enhance place-related pride and self-esteem in residents (e.g., 

Devine-Wright, 2011), but it is unclear how this could interact with perceived 

procedural fairness in predicting social acceptance of energy technologies.  

 This literature is relevant to the present study for two reasons: 1) the idea of 

investigating the role of social identity violation in the acceptance of geothermal energy 

was inspired by results of study 1 in which rather than a perceived violation, the 

geothermal technology implementation positively supported Cornish identity by 

eliciting feelings of pride. However, there was not an established and reliable measure 

of support toward social identity motives, therefore it was decided to use a general 

measure of social identity violation which could still capture the identity-related 

features associated with the social acceptance of the geothermal technology; 2) the 

results of the present pre-registered study were followed by additional analyses which 

considered the role of group-level emotion of pride emerging from the decision 

outcome itself (i.e., the decision to implement the geothermal technology). This was 

used to indirectly and preliminarily support the interpretation given to the pre-registered 

results. 
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The importance of trust, leader ingroup prototypicality, and knowledge  

Whether authorities’ decisions are made by means of fair or unfair procedures 

influences people’s favourability toward an outcome under certain conditions. It has 

been shown that information related to the trustworthiness of authorities impacts the 

effect of procedural fairness on people’s evaluation of an outcome decision. That is, 

procedural fairness is particularly important at low-trust levels toward the authorities 

(van Dijke & Verboon, 2010) and it is even more important when either no information 

about the trustworthiness of authorities is available or when there is uncertainty about 

trustworthiness (van de Bos et al., 1998; van de Bos & Miedema, 2000; van de Bos et 

al., 2002). Similarly, the extent to which leaders are perceived as prototypical for the 

group mitigated the effect of procedural fairness on support of a political party (Ullrich 

et al., 2009; see also De Cremer et al., 2010). In general, it also seems that the more 

people feel that they are knowledgeable about a specific domain, the less they rely on 

procedural fairness to make decisions about that domain (See, 2009). These studies 

indicate that trust toward authorities (or close proxies of trust such as leader ingroup 

prototypicality) should be considered when examining the effect of procedural fairness 

in various domains. Moreover, another important aspect that needs to be considered is 

the level of knowledge that people have regarding the outcome decision. 

In the present study, leader ingroup prototypicality and level of knowledge of 

the geothermal project in Cornwall were included as covariates. 

 

The importance of morality and identity negative implications 

The most influential theory of the boundary conditions of the procedural fairness effect 

concerns the moral mandate effect. As postulated by the value protection model (Skitka 

2002; Skitka & Mullen, 2002; see also Skitka et al., 2021), when the decision outcome 

is high on moral conviction (i.e., it has important morally-relevant implications) the 
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perceived procedural fairness of the decision has little or no effect on the overall 

perceived fairness of the outcome decision. A moral conviction is linked to but different 

from values, as it represents a strong non-negotiable belief about what is right and 

wrong toward a specific issue (e.g., rape is wrong). According to this model, procedures 

of the decision-making process and the outcome itself are perceived as fair when they 

are consistent with people’s moral mandates, and vice versa. To explain the moral 

mandate effect, Mullen and Skitka (2006) presented an emotional pathway where 

people react to a violation of a moral mandate with anger and outrage which, in turn, 

colours both outcome and procedure as unfair. Contrary to this view, Napier & Tyler 

(2008) argue that the research design used by Skitka and colleagues led to ambiguous 

conclusions about the strength of their findings on the interactive effect between moral 

mandates and procedural fairness. By reanalysing Skitka (2002) and Skitka & Mullen 

(2002) data, Napier and Tyler proposed, instead, that “[...] overall perceptions of 

fairness are lower when morally divisive issues are involved, but that the use of fair 

procedures will still have a significant impact on final evaluations of authorities’ 

decisions” (p. 512); to then conclude that “[...] the data show that decision acceptance is 

indeed shaped by procedural justice” (p. 525). In response to this issue, Skitka and 

Mullen (2008) further argued that their original conclusion about moral mandates were, 

instead, justified.  

 Siegrist et al. (2012) showed that procedural fairness predicted decision 

acceptance (i.e., in the acceptance of genetically modified [GM] field experiments) and 

that this relationship was even stronger for those who thought that GM field 

experiments were a threating morally relevant issue. This was only partially in line with 

the explanation provided by Napier and Tyler (2008) because Siegrist and colleagues 

(2012) not only measured whether the issue was morally relevant but also the extent to 

which the issue was perceived as a moral threat for people’s values. 
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 More recently, it has been shown that perceiving authorities as legitimate (i.e., 

entitled to use their power) mitigated the intention to engage in collective action against 

decisions that produced low disadvantages, but not high disadvantages (Blondé et al., 

2021). Therefore, it might be that procedural fairness could still mitigate the effect of 

mild moral or identity threat, but not highly relevant threat, which is more consistent 

with Skitka’s model. 

 Building on Skitka’s model, Mayer and colleagues (2009) demonstrated that 

objectively fair procedures do not always positively affect procedural justice 

perceptions thus describing specific boundary conditions of the fair process effect. In 

particular, they showed that when the decision outcome violated an individual’s social 

identity, having the opportunity to express opinions had a weak effect on fairness 

perception. This effect was evident for the social identity violation but not for the 

personal identity violation. According to the authors, this is probably due, in that 

specific research context, to the fact that a strong social identity identification occurred. 

Indeed, outcomes of authorities’ decisions could be perceived as primarily concerning a 

group-level rather than an individual-level. As Leung and colleagues pointed out 

(2007), the dynamics involved in social issues and policy decisions are more likely to 

make people concerned about the collective outcome of the decisions and, thus, the 

individual outcome becomes less salient. The “identity violation effect” proposed by 

Mayer and colleagues (2009) demonstrated that fair procedures did not always lead to 

perceptions of fair procedures as social identity violation moderated this effect.  

It appears that previous studies on the effect of procedural justice on decision 

acceptance do not clearly converge to a dominant interpretation. One explanation is that 

these studies used different methodologies and research design (e.g., correlational – 

experimental – field-based – scenarios) along with different topics of interest (e.g., 

emerging technologies – varies policy issues) as well as different outcomes (e.g., 
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acceptance – intentions – outcome fairness) and operationalisations of procedural 

justice. A useful take-home message from these studies is that the issue of importance 

and valence of the decision, along with the extent to which the outcome decision is 

morally and identity relevant, needs to be considered when studying the effect of 

procedural fairness on the outcome variables such as the acceptance of authorities’ 

decisions (Brockner & Wiesenfeld, 1996, 2005). 

In light of the importance of considering moral and identity implications when 

studying the role of procedural fairness in the context of public acceptance of 

authorities’ decisions, the present study took into account the conditional effect of these 

implications to study the relationship between procedural fairness and social acceptance 

of geothermal energy technology in Cornwall. In particular, the present study focused 

on identity-related implications. This choice was also motivated by the results of Study 

1 (Chapter 2) in which positive identity-related features associated with geothermal 

technology seemed to override the negative consequences of the perceived lack of 

procedural fairness in the acceptance of the geothermal technology. Therefore, in the 

present study the results of the qualitative study (Study 1) were corroborated using 

quantitative methods. The identity-related implications were considered using the 

construct of social identity violation from Mayer et al. (2009).  

Having discussed the first main path of interest, the next section will present the 

relevant literature and research rationale of the second path which focuses on group-

level autonomy and collective self-determined motivations and their connection to 

procedural fairness.  
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4.3 The role of group-based autonomy need and collective self-determined 

motivations 

In the context of the acceptance of deep geothermal energy technology, locals face a 

situation in which private and/or public authorities (e.g., the technology developers and 

local and national politicians) have decided to implement the technology on the locals’ 

land, based on complex technical, economic, political and environmental evaluations. 

While the adoption of residential technologies (e.g. photovoltaics or geothermal heat 

pumps for the home) is an independent, personal consumer choice, living in a place that 

has been selected as the site of a large-scale energy technology leaves citizens, to some 

extent, without opportunity of choice. The opportunity of choice represents the 

important psychological need for autonomy (Deci & Ryan, 2000; Ryan & Deci, 2000; 

Ryan & Deci, 2017). According to Deci and Ryan, having a sense of autonomy satisfies 

the need to self-regulate one’s experiences and actions. When a behaviour is 

autonomous (self-determined), it involves a sense of voluntariness and reflects one’s 

interests or values. When it is controlled (not self-determined), an internal or external 

pressure is experienced (e.g. to avoid feelings of guilt, to receive monetary reward or 

when no choices have been offered). The need for this individual sense of volition and 

choice is supported or undermined by the social context. If the social context is 

supportive of an individual’s autonomy, motivations are more likely to be experienced 

as intrinsic. Intrinsic motivation is a “spontaneous activity that is sustained by the 

satisfactions inherent in the activity itself” (Ryan & Deci, 2017, p. 99).  

In the field of pro-environmental behaviours, the role of autonomous 

motivations has been examined in some contexts (e.g., transportation behaviour, Aitken 

et al., 2016; household energy-consumption, Webb et al., 2013; environmental activism, 

Masson & Otto, 2021). Of particular interest for the present research, Lavergne and 

colleagues (2010) examined the role of perception of government autonomy-support 
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and control on motivation toward the implementation of environmental regulations 

(e.g., recycling, saving energy). Results showed that autonomous motivation was 

positively affected by government autonomy-support style and controlled motivation 

was positively affected by government control style. Moreover, autonomous 

motivations predicted a higher frequency of pro-environmental behaviours. Similarly, 

Marshall and colleagues (2017) found that community-based governance that provides 

communities with a high level of autonomy in deciding the design and the allocation of 

funding related to climate change adaptation increased behavioural donations (i.e., 

financial payment to donate for the climate change issues). The governance 

communication style positively influenced perceived autonomous support and 

autonomous motivations. However, both studies presented modest effects of these 

relationships. Considering the citizens’ little power, in the present study, over the 

possible implementation of the geothermal energy, government communication style 

and energy developers’ communication style could play a more important role in the 

degree to which acceptance of the technology is driven by autonomous motivations 

compared to the other pro-environmental behaviours. In fact, it has recently been shown 

that the perceived threat to freedom in the context of mandatory and voluntary policy 

adoption of heat pumps strongly influences positive and negative emotions toward the 

policy (Contzen et al., 2021). 

It is also important to carefully consider the level of analysis and a social 

identity perspective which could be extremely valuable for understanding the full 

potential and functioning of autonomous and controlled motivations. 

Only recently studies have started to examine collective levels of self-

determined motivations and autonomy perceptions. In the context of intergroup helping, 

Thomas and colleagues (2017) adapted the principles of self-determination theory to the 

intergroup level, considering a social identity approach. They affirmed that self-
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determined motivation and autonomy perception could also stem from group 

memberships rather than only from individual identity per se. These group-level 

variants of self-determined motivations and autonomy perceptions were respectively 

named collective self-determination and perceived autonomy of membership helping. 

Collective self-determination can be defined as the perception that members of the 

ingroup act in a certain way because they value doing so. Group-level autonomy, which 

the authors called “Perceived autonomy of membership helping” in the specific context 

of their study, can be defined as the perception that group members act out of 

obligation. These definitions were extrapolated from the items used to measure these 

constructs. Consistently with the SDT, group-level autonomy is supposed to fuel 

collective self-determined motivations.  

The important implication of this research is that some issues are particularly 

relevant for a group level of identity rather than for the personal identity. Consequently, 

in these contexts, the feeling that the ingroup is autonomous in performing a behaviour 

is what matters when evaluating behavioural options. In particular, Thomas et al. (2017) 

used an articulated research design showing that collective self-determined motivations 

predicted support for a series of outcome variables above the individual-level of self-

determined motivations. Participants were invited to think about their individual and 

collective motivations to engage in supportive actions to tackle global poverty. These 

participants were actual supporters of global poverty reduction. An example item for the 

individual motivation was “[I did these items] because I valued doing so”, an example 

item for the collective motivations was “Because they [ingroup members] valued doing 

so”. By analysing the relationship between type of motivations (individual and 

collective) and financial donations to global humanitarian causes, the authors showed 

that donations were only predicted by collective self-determined motivations, while 

individual motivation was not a significant predictor. It is also relevant to clarify that 
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the reference group in their study was the general category of Australian people, and 

that participants were Australians. This type of social identity category is similar to the 

social category of the present study, which focused on regional identity (i.e., Cornish 

identity).  

In the field of pro-environmental behaviours and acceptance of climate policy, 

no study to date has considered the role of collective self-determined motivations. In 

fact, even if Marshall et al.’s  (2017) study considered a community-level response for 

what concerns the perceived autonomy support (e.g. “This initiative provides my 

community with the freedom to make our own decision about the best way to adapt to 

climate change”), autonomous and controlled motivation reasons behind the donations 

(e.g. “For the pleasure I experience when I find new ways to help my community adapt 

to climate change; Because responding to climate change is an integral part of my life”) 

remain properties of the individual and not the group. This is coherent with the classic 

Self-determination Theory (Ryan & Deci, 2000) according to which the group, as part 

of the social context, can be perceived as supportive or controlling of an individual’s 

autonomous and intrinsic motivation. The group is not considered as an identity-level 

on which self-determined motivations could emerge. According to classic self-

determination theory, the social context is only an external, fundamental, aspect that 

could more or less be supportive of personal motivation to act. I argue that political 

regulations such as the acceptance of an energy technology call into question a 

collective, rather than individual, level of self-determined motivation.  

Which antecedent conditions promote the feeling that their own Cornish-group 

is accepting the geothermal energy because “they value doing so”, because “it is 

important to them”? Once the collective level of self-determined motivations and the 

importance to verify this level are considered, this important question needs to be 

addressed. Behaviours undertaken autonomously usually reflect core personal values 
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(Ryan & Deci, 2000). Group values and norms and the positive feeling to do something 

for the public good could be a driver for accepting the geothermal technology. 

However, the way in which actors responsible for the deployment of the geothermal 

technology communicate with locals could undermine the basic psychological need of 

autonomy of the Cornish-group (e.g., see Lavergne et a., 2010) which, in turn, may 

undermine collective self-determined motivations. For example, those responsible for 

the technology (energy developers, Cornwall Council) could be perceived as authorities 

that are forcing Cornish people to have that technology in their county. The extent to 

which these motivations are autonomous (self-determined) could depend, in part, on the 

extent to which those actors responsible for the implementation of the geothermal 

technology (Cornwall council and energy developers) support the facilitation of 

collective self-determined motivations and so are perceived as autonomy-supportive 

rather than controlling. These actors could thus communicate with locals in a way that is 

either supportive or controlling of Cornish-group autonomy and so influence perceived 

collective autonomy which fuels the collective self-determination to accept geothermal 

energy (Deci & Ryan, 1985; Thomas et al., 2017). 

In the present study, I assessed the effect of collective levels of autonomy 

perceptions and self-determined motivations on social acceptance. This type of 

collective autonomy theoretically differs from the conceptualisation by Kachanoff et al. 

(2019), in which collective autonomy is conceptualised as the extent to which “[group 

members] freedom to define and practice its own identity has been [...] restricted by 

other groups in society” (item example: “Other groups have tried to control what 

customsand practices we should follow”). I used the conceptualisation proposed by 

Thomas et al. (2017) which refers to the group members’ perception that their ingroup 

is acting out of choice or obligation. 
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Congruent with van Prooijen’s study (2009), it is also expected that perceived 

collective autonomy is related to the perceived fairness of the decision-making process. 

However, how these two are related to each other in the present context is unknown. 

The aim of van Prooijen’s study was different from the aim of the present study as the 

authors showed that procedural fairness matters more when autonomy needs are not 

satisfied, concluding thus that procedural fairness is important because it informs about 

autonomy needs.  

In particular, van Prooijen (2009) showed, in an experimental design, that 

people were more sensitive to fairness of the decision-making procedures when their 

autonomy need was deprived. That is, when people’s autonomy perceptions were 

manipulated in a way that left them without opportunity of choice (no autonomy), 

people valued more an opportunity to voice their opinion (fair procedures) in a 

resource-allocation task. When people’s autonomy perceptions were instead 

manipulated in a way that gave them opportunity of choice (high autonomy), people 

were less sensitive to cues regarding fair procedures (non-fair procedures). In a third 

correlational study, the author showed that the extent to which public employees 

experienced a sense of work autonomy (i.e., a measure of perceived choice on a variety 

of dimensions such as work methods and tasks) interacted with procedural fairness (i.e., 

measured as the perception of fair procedures related to decisions taken in the 

participants’ work organisation) in explaining participants’ tendency to report 

illegal/immoral actions of their colleagues to their seniors. In summary, the relationship 

between autonomy need and procedural fairness tested by van Prooijen (2009) was 

tested as an interaction.  

Differently, Chou et al. (2021) showed, among other results, that procedural 

fairness mediated the relation between psychological need for autonomy and 
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organisational outcomes such as helping behaviour (e.g., availability to help a colleague 

at work).  

Moreover, since both autonomy need and perceived fairness are measured in the 

present study to reflect a group-level, rather than individual-level, constructs, van 

Prooijen’s (2009) study and Chou et al’s (2021) study cannot be directly compared with 

the present study. For the present research context, it seems plausible that fairness 

perception is grounded in the autonomy need so that the extent to which group-level 

autonomy need is supported or undermined by authorities involved in the decision 

outcome (i.e., in the implementation of the geothermal energy technology) predicts 

procedure-related fairness perceptions (in line with the relationships proposed by Chou 

et al., 2021). Additionally, the outcome variable used by Chou et al. (2021) is closer in 

terms of meaning to the outcome variable of the present study compared to the outcome 

variable of van Prooijen. However, since the present study is correlational in nature, the 

proposed sequential chain would need further examination in an experimental setting. 

 

4.4 The present study 

The present research considers the role of autonomy needs, procedural fairness, identity 

violation, and self-determined motivations in the acceptance of large-scale geothermal 

energy technology in a real-world context. These variables were applied at the group 

level. In fact, the first aim was to account for group-based individual evaluations of the 

geothermal technology. To achieve this, participants were invited to think more broadly 

about the geothermal technology, beyond their personal experience and individual 

opinion. The adaptation to the group level was based on the operationalisation of 

collective self-determined motivations from Thomas et al. (2007) which used the 

pronoun “they” instead of “I” or “we”. Similarly, other authors such as Yang et al. 

(2007), building from the work of procedural justice climate (e.g., Naumann & Bennett, 
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2000), operationalised procedural justice to reflect a group reference as “As a whole, the 

people in my work group feel that [...]”. Moreover, it is important to specify that the 

measure of procedural fairness reflected perceptions of general procedures without 

specifically referring to procedures of decisions made by ingroup authorities (e.g., 

Parish council) nor by outgroup authorities (e.g., energy developers). 

Based on the literature research discussed in the previous sections, I aimed to 

verify the conditional indirect effect of group-based autonomy need on social 

acceptance, via procedural justice climate, on levels of the perceived social identity 

violation. At this point, an important question needs to be answered. In which direction 

does social identity violation moderate the relationship between procedural fairness 

perceptions and social acceptance? From Mayer at al.’s (2009) study, it is not clear 

whether the social identity violation effect might also occur when decision acceptance is 

the outcome variable since the authors used fairness perceptions as the outcome, while 

manipulating fair procedures as the independent variable and not the acceptance of 

authorities’ decisions (i.e., the implementation of the geothermal technology) as in the 

present study. The closest previous study in terms of research context is Siegrist et al. 

(2012), where highly morally relevant issues led to a stronger effect of procedural 

fairness in the acceptance of genetically modified (GM) field experiments. However, 

Siegrist et al.’s (2012) results were not in line with previous literature on the moral 

mandate effect previously discussed (e.g., Skitka & Mullen, 2002). Furthermore, rather 

than examining the conditional effect of social identity violation in the relationship 

between procedural fairness and people’s acceptance (as in the present study), Siegrist 

et al.’s (2012) study focused on morality aspects. Therefore, it is difficult to define a 

specific direction of the proposed interaction between procedural fairness and social 

identity violation on the social acceptance of geothermal energy. A strength of the 

present study is its use of a real-world context which provides high ecological validity 
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when investigating the above proposed interaction.  For these reasons, the present study 

does not specify the interaction direction.  

Another aim was to assess whether the perception of group-level autonomy was 

associated with the extent to which individuals perceive their group (i.e., Cornish 

people) as intrinsically motivated to accept the geothermal energy, which in turn would 

predict individual acceptance of the technology. The model also includes covariates of 

perceived leader ingroup prototypicality and knowledge of the geothermal project, 

because these were shown to be very relevant when examining the association between 

procedural fairness and outcome decisions as previously discussed in section 2.1.2 (De 

Cremer et al., 2010; Ullrich et al., 2009; See, 2009). 

 

Hypotheses 

Two hypotheses are reported in this manuscript, which correspond to a more 

parsimonious and direct version of the pre-registered hypotheses. In fact, the pre-

registered hypotheses referred to each step of the conceptual model, while here the two 

main paths are presented (see Figure 5).  

 

H1: The relationship between group-level autonomy and social acceptance is mediated 

by procedural justice climate; this relationship is conditional to levels of social identity 

violation.  

H2: The relationship between group-level autonomy and social acceptance is mediated 

by collective self-determined motivations.  
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Figure 5.  Conceptual model (Study 3). 

 

4.5 Method 

4.5.1 Participants 

I recruited 530 participants. Participants living in Cornwall were recruited via the online 

survey platform CINT (n = 186), from social media advertisement (n = 230), and from 

Cornish students of the University of Plymouth (n = 115). The final sample consisted of 

496 Cornish residents, after excluding those whose place of residence differed from 

Cornwall. A post-hoc power analysis based on population RMSEA (MacCallum et al., 

1996) showed that 496 participants were sufficient to achieve power of 1. Null and 

alternative RMSEA were respectively fixed to .050 and .01 (df = 179; 𝛼 = .01).  

225 participants were male (46.3%), 10 preferred to not answer. 29.2% were aged 18-

30, 41.1% were 31-60, and 29.6% were 61-80+ (M = 45.83; SD = 18.35). About half of 

the participants had a university degree (47.98%), 6% preferred to not disclose their 

education. Concerning political orientation, about half of the participants were left 

(44.76%), the rest preferred a right (13.10%) and a centre (34.88%) orientation; 7.26% 

of participants preferred not to answer. Participants were the same as in Study 2. 
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4.5.2 Procedure 

Since this study was part of a larger survey, the procedures are the same as in Study 2 

(Chapter 3). Participants were told that the purpose of the study was to explore people’s 

opinions of geothermal energy in Cornwall. Prior to starting the online questionnaire 

and after giving consent to participate in the study, participants were offered a brief 

description of what geothermal technology is. The information included was based on 

information provided by the British Geological Survey website (bgs.ac.uk) and 

reviewed by an expert geologist professor from the University of Plymouth. The order 

of questions in the online questionnaire represented the paths described by the 

conceptual model.3 

 

4.5.3 Measures 

Model complexity was simplified by excluding items from the collective non-self-

determined motivations, which is a deviation from the pre-registered study. An 

agreement scale, from 1 (strongly disagree) to 7 (strongly agree) was used for items of 

social acceptance, leader ingroup prototypicality, and social identity violation variables. 

Responses regarding the participants’ knowledge of the geothermal project ranged from 

1 (you don’t know anything about the geothermal project – nothing) to 7 (you are really 

well informed about the geothermal project – very informed). Collective self-

determined motivation was measured using a 7-point scale, from 1 (corresponds not at 

all) to 7 (corresponds exactly). The perceived group-level autonomy was also measured 

via a 7-point scale, from 1 (out of obligation) to 7 (out of choice). 

 

 

 

 
3 The variables of the present study were presented after the variables measured in Study 2. 

https://www.bgs.ac.uk/
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Group-level autonomy 

Participants were asked to indicate the extent to which the acceptance of the geothermal 

technology of Cornish people would have to be due out of choice or out of obligation (1 

item): “Thinking about the Cornish people’s acceptance of geothermal energy, to what 

extent do you think this acceptance would be out of choice or obligation?”. The item 

was adapted from Thomas et al. (2017). 

 

Procedural justice climate 

Participants were asked to think about the general decision-making procedures that led 

to the implementation of the geothermal technology. Then, they were invited to respond 

to the following five statements. As a whole, I think people in Cornwall feel that: “They 

had the opportunity to express their views and feelings during those procedures”; “They 

had the opportunity to influence the outcomes arrived at by procedures”; “They had the 

opportunity to collect as much information as they needed about the geothermal 

project”; “Details of the project have been communicated in a timely manner”; “They 

were treated with dignity and respect”. Items were adapted from Naumann & Bennett 

(2000), Colquitt (2001), and Colquitt et al. (2002). 

 

Collective self-determined motivation 

Participants were invited to indicate the extent to which each of the following 

statements was a reason for people in Cornwall to accept the implementation of the 

geothermal energy (3 items): “Because they feel pleasure about protecting the 

environment through sustainable energy use”; “Because they value supporting 

geothermal energy”; “Because they think geothermal energy is important”. Items were 

adapted from Thomas et al. (2017), Weinstein & Ryan (2010), and Pelletier et al. 

(1998). 
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 Social identity violation 

This variable was measured with four items, for which participants expressed their level 

of agreement: “I feel the decision is damaging to Cornish people’s identity”; “I feel the 

decision goes against Cornish people”; “I feel like something that is very important to 

Cornish people was violated by the decision”; “Some things that I value and that are a 

part of my identity as a Cornish person were disregarded by the decision”. Items were 

adapted from Mayer et al. (2009). 

 

Leader ingroup prototypicality 

Participants were invited to indicate their level of agreement on 5 statements. Overall, I 

would say that Cornwall Council: “Represents what is characteristic about Cornish 

people”; “Are representative of Cornish people”; “Are a good example of the kind of 

people who live in Cornwall”; “Stands for what people who live in Cornwall have in 

common”; “Are very similar to most people in Cornwall”. Items were adapted from 

Platow and van Knippenberg (2001). 

 

Level of knowledge 

Participants indicated how much they knew about the geothermal project in Cornwall (1 

item): “How much do you know about the geothermal project in Cornwall?” (ex-novo). 

 

4.5.4 Analytical strategy 

Confirmatory factor analysis and structural equation model analysis was used to assess 

the measurement and the structural model. The analyses were conducted using R and 

the packages lavaan 0.6-7 (Rosseel, 2012) and semTools 0.5-5.912 (Jorgensen et al., 

2021). A robust estimator (MLR, see Savalei & Rosseel, 2021) for multivariate non-
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normal data was adopted to account for not normally distributed data inspected via 

density and Q-Q plots.  

 One of the model variables, group-level perceived autonomy, was formed by 

one observed indicator only, which was treated as latent using the sample variance of 

this single indicator and the estimated reliability (𝜎 × 1 [−𝛼]). The estimated reliability 

was based on the closest construct of “collective autonomy” of Kachanoff et al. (2019), 

rounded down. This step was not specified in the pre-registration, but many scholars 

recommend this procedure (e.g., Kline, 2015; Brown, 2015) to avoid identification 

problems (Bollen, 1989). Furthermore, the results did not change when treating the 

variable as observed.  

 An unconstrained approach, via product indicators, was used to create the 

moderator variable (Marsh et al., 2004). A matched-pairs (see Marsh et al., 2012) and a 

double-mean-centering strategy (Lin et. al., 2010) were adopted for the product 

indicators procedure.  

 Given the sensitivity of the chi-square statistic (χ2) to sample size, I relied on the 

comparative fit index (CFI), the Tucker–Lewis index (TLI), the root mean squared error 

of approximation (RMSEA), and the standardized root-mean-square residual (SRMR) 

to evaluate the model fit. For the RMSEA and the SRMR statistics, values ≤ .08 

indicate a reasonable fit, the lower these values the better the model fit (Hu & Bentler, 

1999). For CFI and TLI, values close to 1 indicate good fit, values < .90 indicate poor 

fit. 

 The results are presented in the following sequence: preliminary analyses (i.e., 

correlations between observed variables, interval consistency test, and measurement 

model test), structural models, and follow-up analysis. In addition to the pre-registered 

structural model (Step 1), the moderated mediation was also tested including covariates 

(Step 2), excluding H2 path (Step 3), and only testing the simple moderation (Step 4). 
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This step-by-step procedure ensures a clear conclusion of the moderating role of social 

identity violation, as it controls for the covariance structure of the other latent variables 

involved. Given the results of the pre-registered hypotheses, a follow-up-exploratory 

analysis was further carried out to help the interpretation of the pre-registered path H1 

(Step 5). 

 

4.6 Results 

4.6.1 Preliminary analyses 

Prior to conducting the main analyses, correlations among the variables, internal 

consistency of the aggregated measures, and the measurement model were tested. 

Correlations among study variables, means and SDs, and Cronbach's Alpha are given 

in Table 8. 
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Table 8 

Means, SDs, Cronbach’s Alpha, and bivariate correlations. 
 M (± SD) 𝛼 1 2 3 4 5 6 

         

1. Social 

Acceptance 
5.92 (± 1.32) .95 –      

2. Group-level 

Autonomy 
4.41 (± 1.48) n.a. .33*** –     

3. Procedural 

Justice Climate 
3.78 (± 1.50) .94 .26*** .37*** –    

4. Coll. Self-deter.  

Motivation 
4.91 (± 1.31) .88 .46*** .47*** .38*** –   

5. Social Identity  

Violation 
1.99 (± 1.35) .94 -.57*** -.12*   -.04 -.22*** –  

6. Leader ingroup 

prototypicality 
3.55 (± 1.41) .94 .12** .24***  .44*** .31*** .11* – 

7. Knowledge 2.90 (± 1.89) n.a.  .25*** .20*** .30*** .15***  -.18*** .03 

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

Note. Cronbach’s Alpha is calculated using polychoric correlations of the construct as latent variables via semTools::reliability() 
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4.6.1.1 Measurement model 

The measurement model (CFA) showed acceptable model fit (χ2
279 577.424, p < .001; 

SRMR = .038; RMSEA= .056, 90% confidence interval (CI) [.050, .063]; CFI= .963; 

TLI= .956). Modification indices suggested letting the first two items of the procedural 

justice climate variable correlate, which improved the χ2 statistics by 141.803. An 

inspection of the model residuals covariance showed that the two items shared 2.15 of 

standardised disturbance. Considering the high Spearman correlation between these two 

items (r = .88), suggesting redundancy, and the recent evidence from Bandalos (2021) 

about the negative effect of items with similar meaning on correlated residuals, I 

decided to let the two items correlate (this step was not pre-registered). The new CFA 

model showed an improved fit to the data (χ2
278 495.554, p < .001; SRMR = .037; 

RMSEA= .048, 90% CI [.041, .055]; CFI= .973; TLI= .968). Parameter estimates of the 

CFA model are presented in Table 9. 
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Table 9 

Parameter estimates of the confirmatory factor analysis (Study 3).  

Latent Factor Indicator B SE Z p β 

Proced. Just. Clim. pjc_1 1.000 .000   .872 

 pjc_2 .924 .021 43.921 < .001 .838 

 pjc_3 1.105 .031 36.352 < .001 .912 

 pjc_4 1.084 .040 27.249 < .001 .889 

 pjc_5 .898 .040 22.667 < .001 .825 

Coll. Self-det. Mot. csd_1 1.000 .000   .703 

 csd_2 1.310 .078 16.666 < .001 .922 

 csd_3 1.323 .083 16.031 < .001 .905 

Social Acceptance acc_1 1.000 .000   .947 

 acc_2 1.013 .031 32.972 < .001 .963 

 acc_3 .973 .042 23.240 < .001 .860 

 acc_4 .921 .048 19.007 < .001 .894 

Soc. Identity Violat. siv_1 1.000 .000   .920 

 siv_2 1.035 .035 29.995 < .001 .934 

 siv_3 .988 .051 19.614 < .001 .890 

 siv_4 .917 .054 17.058 < .001 .842 

Interaction term mod_1 1.000 .000   .906 

 mod_2 1.030 .058 18.044 < .001 .867 

 mod_3 .921 .090 10.102 < .001 .798 

 mod_4 .663 .096 6.778 < .001 .668 

Lead. ingroup protot. pr_1 1.000    .880 

 pr_2 1.076 .030 35.715  .918 

 pr_3 1.075 .039 27.819 < .001 .890 

 pr_4 1.106 .036 30.339 < .001 .928 

 pr_5 .783 .048 16.409 < .001 .701 

Gr. level Autonomy aut_0 1.000 .000   .951 

B = non-standardised estimate; SE = standard error; Z= test statistic; p-value = values 

of p corresponding to the z-statistic; β = standardised estimate. Note. The first indicator 

of each latent construct has been used as a marker for scaling and identification 

purposes. 

 

4.6.2 Structural models 

Step 1 – model without covariates 

The structural model showed acceptable model fit (χ2
179 349.845, p < .001; SRMR = 

.065; RMSEA= .056, 90% CI [.047, .065]; CFI= .969; TLI= .964). Graphical 

representation of the model is presented in Figure 6. 
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Figure 6.  Graphical representation of the statistical model.  

Note. Variance between exogenous variables, error variance, and correlated residuals 

between the first two items of the procedural justice climate variable are not reported in 

this figure to simplify the presentation. Coefficients presented are standardised linear 

regression coefficients. Paths have been labelled (e.g., a1, b1) to facilitate the 

interpretation of the indirect effects in Table 10. PJC X SIV = interaction term 

(procedural justice climate x social identity violation). 

 

 Both the direct and the indirect effects supported Hypothesis 1. With regard to 

the direct effects, group-level perceived autonomy was associated with procedural 

justice climate (β = .44 [.348, .526]; p = < .001) which, in turn, predicted social 

acceptance (β = .12 [.040, .200]; p = .003). Social identity violation negatively predicted 

social acceptance (β = -.47 [-.561, -.385]; p = < .001). The interaction between social 

identity violation and procedural justice climate positively predicted social acceptance 

(β = .12 [.033, .207]; p = .007). The conditional indirect effect showed that group-level 

autonomy was associated with social acceptance via procedural justice climate for 

certain levels of social identity violation (± 1 SD; see Figure 7). This effect was 

significant for high levels of the moderator social identity violation (β = .10 [.043, 

.166]; p = .001) but not for low levels as clearly indicated by the confidence intervals [-

.041, .041]. In other words, when people felt that their identity was violated, the 
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perceived group-level autonomy through procedural justice climate perception helped 

mitigate the negative effect of identity violation on the acceptance of the geothermal 

technology. Results also showed that the simple indirect effect of group-level perceived 

autonomy through procedural justice climate on social acceptance was significant but 

weak in magnitude (β = .05 [.017, .087]; p = .003).  

 Supporting Hypothesis 2, the direct effects showed that group-level perceived 

autonomy was associated with collective self-determined motivations (β = .54 [.443, 

.640]; p = < .001) which, in turn, predicted social acceptance (β = .30 [.192, .414]; p = < 

.001). The indirect effect of group-level autonomy on social acceptance via collective 

self-determined motivations was also significant (β = .16 [.098, .230]; p = < .001). 

 Interestingly, both the zero-order correlations and the results from the SEM 

model suggested that the strongest predictor of social acceptance was perceived social 

identity violation. These results confirm the central role of social identity violation in 

the acceptance of large-scale energy technology such as geothermal power plants.  

 

 

Figure 7.  Graph of the moderation within the moderated mediation model.  

Note. The black line indicates a non-significant slope. 

Note 2. The model also included the H2 path.  
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4.6.2.1 Indirect effects confidence intervals: MLR, BCa, and MC methods 

Since the data violated the assumption of normal distribution, a robust estimator was 

used (MLR; Huber-White SE, Huber, 1967; White, 1982), which performs better, in 

terms of standard errors (SEs) and confidence intervals (CIs), than other conventional 

robust estimators (e.g., MLM) under normality violation (Lai, 2018; 2019). As a further 

step, confidence intervals of the indirect effects were also calculated using 

bootstrapping and Monte Carlo methods. Bootstrapping and Monte Carlo are expected 

to perform similarly (Preacher & Selig, 2012), and consistency among these methods 

would increase the reliability of the results. Confidence intervals among MLR, 

Bootstrap, and Monte Carlo methods are presented in Table 10. For bootstrapping, an 

adjusted bootstrap percentile (BCa) method, correcting for bias in the central tendency 

of the estimate, was used (R = 5000). The Monte Carlo method was based on empirical 

sampling distributions of estimated model parameters (R = 5000) (MacKinnon et al., 

2004).  

 

Table 10 

95% Unstandardised confidence intervals for the simple and conditional indirect effects.  

  95% CIs  

Indirect effects MLR Bootstrap Monte Carlo 

a1*b1 .017 – .087 .018 – .084 .016 – .081 

a1*(b1+(-1*w)) -.041 – .041 -.014 – .052 -.013 – .049 

a1*(b1+(1*w)) .043 – .166 .037 – .126 .036 – .122 

a2*b2 .098 – .230 .092 – .225 .091 – .219 

a1*b1 = group-level autonomy (a1) procedural justice climate (b1) social acceptance 

a1*(b1+(-1*w)) = a1*b1 at low levels of social identity violation 

a1*(b1+(1*w)) = a1*b1 at high levels of social identity violation 

a2*b2 = group-level autonomy (a2) collect. self-determ. motivations (b2) social acceptance 

Note. See Figure 6 to better see the paths described. 
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Results in Table 10 indicate similar interval values among the methods used, and no 

differences on whether or not the intervals crossed zero. Looking at the lower 

confidence limits, the indirect effect that goes from group-level autonomy through 

collective self-determined motivations on social acceptance (i.e., a2*b2) showed the 

strongest effect size. In general, the CI width(s) of the (unknown) effects are consistent 

with the model complexity and the sample size.  

 

Step 2 – adding covariates 

The model with covariates level of knowledge and leader ingroup prototypicality 

showed acceptable model fit (χ2
306 593.824, p < .001; SRMR = .060; RMSEA= .052, 

90% CI [.046, .058]; CFI= .965; TLI= .960). Compared to the model without covariates, 

the direct effect of procedural fairness on social acceptance (β = .06 [-.033, .160]; p = 

.200), and the simple indirect effect of group-level autonomy via fairness on social 

acceptance (β = .02 [-.009, .043]; p = .197) were not significant; the other paths 

remained stable. Nonetheless, the significance of the conditional indirect effect 

remained stable for low and high levels of the moderator social identity violation. 

Interestingly, there was a positive association between procedural fairness and leader 

ingroup prototypicality (β = .38 [.299, .466]; p = < .001), as well as between collective-

self determined motivations and leader ingroup prototypicality (β = .26 [.170, .353]; p = 

< .001), while the direct effect of leader ingroup prototypicality on social acceptance 

was not significant (β = .06 [-.022, .146]; p = .150). Level of knowledge significantly 

predicted social acceptance (β = .11 [.041, .181]; p = .002), procedural fairness (β = .30 

[.221, .389]; p = < .001), and collective-self determined motivations (β = .09 [.015, 

.175]; p = .021). 
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Step 3 – excluding H2 paths  

The moderated mediation was also tested excluding the path described in H2 and 

including the covariates (i.e., level of knowledge and leader ingroup prototypicality). 

Therefore, only the moderated mediation was tested. The model showed good fit to the 

data (χ2
238 462.456, p < .001; SRMR = .048; RMSEA= .053, 90% CI [.046, .061]; CFI= 

.968; TLI= .963). Results showed that when excluding the H2 path, but controlling for 

the covariates, the moderated mediation model showed the same pattern of significant 

and non-significant paths as the model in Step 1. The model tested excluding both 

covariates and H2 showed good fit to the data as well (χ2
127 235.842, p < .001; SRMR = 

.039; RMSEA= .056, 90% CI [.045, .067]; CFI= .975; TLI= .970). The conditional 

indirect effect, also in this model without covariates, showed the same coefficients 

pattern of the model in Step 1. 

 

Step 4 – simple moderation model  

As a further step, a simple slope analysis of a more parsimonious model consisting of 

procedural justice perception on social acceptance moderated by social identity 

violation was carried out (see Figure 8). 

This model also included covariates and the fit was reasonably good (χ2
220 416.618, p < 

.001; SRMR = .047; RMSEA= .053, 90% CI [.045, .060]; CFI= .971; TLI= .967). 

Social identity violation was negatively associated with social acceptance (β = -.53 [-

.620, -.449]; p = < .001) while procedural justice climate was positively associated with 

social acceptance (β = .20 [.117, .295]; p = < .001). Across values of social identity 

violation, the simple slope of procedural justice climate was positive and stronger at 

increasing values of social identity violation (Figure 8). This model showed the same 

pattern of slopes when covariates were excluded. 
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Figure 8.  Graph of the simple moderation.  

Note. This model controlled for covariates level of knowledge and leader ingroup 

prototypicality. 

 

However, as opposed to the moderated mediation analysis of Step 1 and Step 3, the 

effect of procedural justice climate on social acceptance was significant also at low 

levels of social identity violation in this simple moderation analysis (Table 11). This 

means that when the effect of group-level autonomy was not taken into account (i.e., 

how much they perceived to have been free/forced to accept the decision), people’s 

perception that their group as a whole have received fair procedures had a positive 

effect on social acceptance for both high and low levels of social identity violation from 

the decision outcome. This effect increased as levels of social identity violation 

increased. Importantly, the interaction was probed for three levels of the moderator 

social identity violation. Since the high level was computed via +1 standard deviation, 

the actual high level of social identity violation corresponded with what could actually 

be defined as medium level of social identity violation because the corresponding value 

of 1 SD above the mean of the aggregated measures was 3.34 on a scale from 1 to 7.  
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Table 11 

Results of the latent simple slopes analysis  

Test value of the 

social identity 

violation 

Slope SE p-value 

- 1 SD .11 .05 .025 

0 .19 .04  < .001 

+ 1 SD .27 .05  < .001 

Note. These slopes refer to the simple moderation with included covariates (Figure 8) 

 

4.7 Summary of H1 path and introduction to the exploratory follow-up analysis 

The role of procedural fairness in the acceptance of the technology was more important 

at increasing values of social identity violation. This result needs a further consideration 

in light of the actual high level of the moderator social identity violation. In fact, the 

“high” level of the moderator social identity violation in the present study was 

computed as 1 SD above the mean which actually represented medium-low level of 

social identity violation (this happened because the moderator’s distribution was 

positively skewed). These results are consistent with studies investigating the 

relationship between moral mandates and procedural fairness (Skitka & Mullen, 2002). 

Therefore, the present results offer important perspectives of what it might happen when 

an energy technology is associated with some degree of social identity violation, but not 

when the technology is perceived as something that strongly violates people’s social 

identity. In this last case, fair procedures should have a very weak association with the 

acceptance of authorities’ decisions (Skitka & Mullen, 2002). Therefore, a curvilinear 

interaction should be tested in future studies.  

 An important example of how different levels of perceived morality or identity 

violation could lead to the procedural fairness playing different roles in affecting 

people’s response toward an outcome decision could be found in Blondé et al.’s (2021) 

study. The authors used a proxy of procedural fairness, the perceived legitimacy of 

authority. In fact, people who exercise their authority fairly are generally viewed as 
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legitimate and their decisions are more likely accepted (e.g, Tyler 2000, Tyler, 2006). 

Blondé and colleagues (2021) found, among other results, that legitimacy of authority 

reduced people’s intention to act against a decision which would have led to low 

disadvantages, but not to a decision that would had led to high disadvantages because 

“perception of moral violation and feeling of anger could not be reduced” (p. 276). The 

present study confirmed this pattern for a low level of social identity violation. 

 The results of the present study are in line with the hypotheses but lend 

themselves to two different interpretations.  

 One interpretation could be based on the results found by Siegrist et al. (2012). 

In their study, the more a genetically modified [GM] field experiment was perceived as 

a moral issue, the stronger perceived procedural fairness predicted the social acceptance 

of the field experiment. Based on these results, the authors explained that procedural 

fairness is important to people only if the issue of interest is morally relevant. 

Importantly, the items the authors used to measure moral conviction not only mentioned 

the relevance of the issue (i.e., referring to as a “question of conscience”), but also 

referred to the extent to which participants perceived the issue as something that 

threatened important values for them and as something that bothered them. Therefore, 

their results actually showed that procedural fairness was a weaker predictor the more 

the issue of interest was perceived as morally threatening. 

 In a similar way, for the present study it could be argued that when the 

geothermal technology was perceived as a social identity-relevant issue and, 

specifically, as something that violated participants’ social identity, procedural fairness 

had a stronger association with the social acceptance of the geothermal technology.  

Napier and Tyler (2008) assumed that even if the issues of interest are high on moral 

conviction, fair procedures should still play an important role in positively shaping 

people’s responses toward these issues. However, this does not reflect the results from 
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Siegriest et al.’s (2012), nor the results of the present study. Instead, Napier and Tyler 

(2008) simply argued that even reactions to threat to moral issues can be mitigated by 

procedural fairness, and not that this happens mostly when there is a threat. 

Therefore, this interpretation does not offer a theoretically relevant explanation. 

 A second interpretation is grounded on the value-group model (e.g., Tyler et al., 

1996) and on the results from the qualitative study (Chapter 2). This interpretation calls 

into question the explanation of what it could mean to people to indicate lack of identity 

violation. In other words, why did most people indicate that geothermal technology was 

not something that violated their social identity? From results of the qualitative study in 

Chapter 2, the identity-related outcomes from the technology implementation seemed 

strong drivers of people’s social acceptance of the technology. Low levels of social 

identity violation in the present study may represent a perceived support toward 

people’s social identity, satisfying people’s need for social self-esteem, from the 

decision to install the geothermal energy technology. Since procedural fairness gives 

people information regarding their value as group members and their group status (e.g., 

Tyler et al., 1996), when the outcome of a decision, i.e. in this case the decision to 

install the geothermal technology, is already supportive of the group status and therefore 

it is positively associated with feelings of pride and positive self-esteem, perceived 

fairness related to the decision-making process might be less important in affirming that 

the group to which people belong is valuable. Conversely, when the outcome of a 

decision violates people’s social identity to a certain extent (and therefore is perceived 

as not supporting the group status) perceived fairness of the decision-making procedures 

could be more important in shaping the favourability toward the decision outcome 

because it informs about the group value. This result is also in line with studies 

highlighting the importance given to the distribution of the outcomes when people are 

in a group context rather than to the procedures associated with the decision (Leung et 
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al., 2007). In particular, the consequences of the distribution of the outcomes were 

probably particularly positive for the Cornish group because of the positive identity-

features. The distribution of the outcomes in the present study concerns the mere 

implementation of the technology in their county rather than elsewhere in the UK.  

 I ran follow-up analyses which could support this interpretation to investigate it 

further. According to the second interpretation based on the value-group model, one 

would expect the effect of procedural justice perception on social acceptance to be non-

significant or less strongly associated with social acceptance at a high level of perceived 

support toward self-esteem motives from the decision to install the technology (i.e., the 

outcome itself). The closest indicator of self-esteem included in the survey was group-

based pride emerged from the decision taken by local authorities to install the 

geothermal technology. Therefore, the follow-up analysis explored the moderating role 

of group-based pride in the relationship between procedural justice climate and social 

acceptance. 

 

4.7.1 Testing the interaction between group-based pride and procedural justice climate 

The goal of this follow-up analysis was to explore how procedural fairness was 

associated with social acceptance at conditions of low and high group-based pride 

related to the decision to implement the technology.  

 If the present study results support the interpretation based on the value-group 

norm, it should follow that procedural justice climate should be a weaker predictor of 

social acceptance at high levels of perceived group-pride from the decision to install the 

technology. If confirmed, theoretical and practical implications should be revised in 

light of the effect of symbolic identity-related outcomes of the decision.  

 The present study was part of a larger survey in which the role of group-based 

emotions was also investigated (group-based pride was measured as the extent to which 
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participants felt proud when thinking about the decision to implement the geothermal 

technology in Cornwall, M = 4.95; SD = 1.72). 

   

4.7.2 Results of the follow-up analysis  

To test this interaction, aggregated measures were used. In fact, group-based pride 

related to the decision to install the geothermal technology was measured with one item 

only and ordinarily at least two product indicators are required to test the interaction 

with a latent variable using the same procedure I used in the previous analysis sections 

(Marsh et al., 2004). The R Package Interaction was used (version 1.1.5). A robust 

standard error estimator was employed (“HC3”, see Long & Ervin, 2000). Consistent 

with the expectation, the relationship between procedural justice climate and social 

acceptance was stronger for low levels of perceived group-pride related to the decision 

to install the geothermal technology (Figure 9). This simple model explained 35% of 

variance. 
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Figure 9.  Interaction between procedural justice climate and group-based pride on 

social acceptance.  

Notes. Observed values have been jittered using a 0.2 parameter to better visualise 

overlapping data points. Confidence intervals are at 95%. 

 

Table 12. shows how the slope of procedural justice climate decreases as group-based 

pride increases. This result supports the interpretation that participants might have 

gathered their sense of group-pride from the decision outcome itself, and not from the 

perceived fairness of the decision-making procedures that led to the implementation of 

the technology.  
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Table 12 

Results of the simple slopes of the follow-up analysis. 

 Est. SE 2.5% 97.5% p-value 

Slope of PJC when GBP = 3.23  

(-1 SD) 
.24 .07 .09 .38 < .001 

Slope of PJC when GBP = 4.50 

(Mean) 
.13 .04 .06 .20 < .001 

Slope of PJC when GBP = 6.67  

(+1 SD) 
.02 .03 -.04 .08  .44 

PJC = procedural justice climate; GBP = group-based proudness 

 

4.8 Discussion  

This study verified the associations between group-level autonomy need, procedural 

justice climate (i.e., group-level procedural fairness), social identity violation, and 

collective self-determined motivations in the acceptance of a large-scale energy 

technology (i.e., deep geothermal energy). The study was based on a survey conducted 

among people resident in Cornwall (UK) where a deep geothermal power plant was 

being implemented. The aim of the study concerned the boundary conditions of 

procedural fairness when examining people’s acceptance toward large-scale energy 

technology, and the link between group-level autonomy and both procedural fairness 

and collective self-determined motivations. This study was grounded on social identity 

theories (e.g., Tajfel & Turner, 1979), the group-value model of procedural justice 

perception (Tyler & Lind, 1992; Tyler et al., 1996) and (collective) self-determined 

motivation theories (Deci & Ryan, 2000; Thomas et al., 2017).  

 Results from structural equation model analysis confirmed the hypothesised pre-

registered associations: social identity violation moderated the indirect effect of group-

level autonomy, via procedural fairness, on social acceptance of the geothermal 

technology (H1), and group-level autonomy predicted, via collective self-determined 

motivations, the social acceptance as well (H2).  
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 Since procedural fairness is sensitive to the level of knowledge toward the 

outcome decision and to the extent to which the ingroup leader (in this case Cornwall 

council) is seen as prototypical of the ingroup (e.g., See, 2009; Ullrich et al., 2009), the 

model was also tested including the covariates level of knowledge and leader ingroup 

prototypicality. The covariates weakened the relationship between procedural fairness 

and the outcome variable social acceptance (see Step 1a). The inclusion of either H2 

path (i.e., group-level autonomy → collective self-determined motivations → social 

acceptance) and/or covariates significantly impacted the stability of the relationship 

between procedural fairness and social acceptance, while the direct and strongest 

relationship between social identity violation and social acceptance remained stable 

across all steps.  

 

4.8.1 Discussion of the H1 path: group-level autonomy, social identity violation and 

procedural justice climate 

The pre-registered conditional effect showed that the relationship between group-level 

autonomy and social acceptance via procedural justice climate was not significant at 

low levels of the moderator social identity violation. Due to the skewness of the 

moderator variable, low levels represented absence of social identity violation (i.e., the 

“strongly disagree” label of the scale). Therefore, a high level of the moderator refers to 

the medium-low level of violation when taking into consideration the scale range that 

was used (the 1SD above the mean value used to probe the high level of the moderator 

did not cross the central point of the scale).  

 When zooming in on the relationship between procedural justice climate and 

social acceptance moderated by social identity violation, therefore excluding from the 

model the variability explained by the other variables, the same pattern emerged (Step 

4). However, contrary to the conditional indirect effect, the relationship between 
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procedural fairness and social acceptance was also significant at low levels of social 

identity violation, albeit much weaker. Latent simple slopes analysis shows that at 

higher levels of social identity violation, procedural justice climate had a stronger 

positive relationship with social acceptance, thus mitigating the negative effect of social 

identity violation on social acceptance.  

 These results are partially consistent with Sigrist et al.’s study (2012), which 

showed that the more an issue was perceived as a moral threat and was generally 

morally-relevant, the more procedural fairness has a positive effect on the outcome 

variable. Moreover, the results of the H1 path are consistent with Blondé et al.’s study 

(2021) on the effect of perceived legitimacy of authorities on collective actions. Blondé 

and colleagues showed that when a decision produced some disadvantages, but not high 

disadvantages, perceived legitimacy from the authorities mitigated the intention to 

engage in collective actions. A similar pattern might also occur with the procedural 

fairness perception which is a proxy of the perceived legitimacy of the authorities 

(Tyler, 2006). However, according to Mayer et al.’s study (2009) on the effect of social 

identity violation and the results of the effect of moral mandates on the subsequent 

effect of procedural fairness (e.g., Skitka, 2002), the present study results seem to 

partially contradict these two studies. Therefore, next steps of the analyses aimed at 

clarifying why at low levels of social identity violation procedural justice climate was a 

weaker predictor of social acceptance.  

 The present results were interpreted in light of the value-group model: since 

procedural fairness gives people information about their value as group members and of 

their group status (Tyler et al., 1996), when the outcome of a decision (itself) positively 

supports the group status, the perceived fairness related to decision-making is less 

important in affirming that the group to which they belong is valuable. This means that 

people were proud of the development of the geothermal technology and that this 
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feeling was probably triggered by the comparative context made salient by the 

implementation of the technology. The specific geological features of Cornwall made 

the implementation of a cutting-edge renewable energy technology (i.e., the geothermal 

technology) possible, the same geological features that allowed Cornish people to be 

among the best miners in the world in the past (see Study 1, Chapter 2). In other words, 

based on the new geothermal technology being implemented, Cornish people positively 

differentiated themselves from people living elsewhere in UK.  

 In summary, this could mean that there is a need for self-esteem that could be 

either satisfied by fair procedures or by the outcome of the decision itself. Once this 

need is already fulfilled by an outcome decision, procedural fairness might be less 

important for the acceptance of authorities’ decisions.  

 This interpretation is also in line with Tyler and Blader’s study (2002) 

addressing the role of autonomous status (i.e., status defined by internal standards based 

on prototypical group values and norms) and comparative status (i.e., status defined by 

external standards) in the relationship with procedural justice. Their study showed that 

procedural fairness affects people’s status perception not because people compare their 

group to other groups, and that therefore feelings of pride do not mainly emerge because 

one feels better than others, instead: “fairness primarily expresses a sense of status that 

is autonomous, and not comparative, in nature” (p. 832). Since fairness primarily 

expresses a sense of status based on the group’s internal standards, and since I argue 

that the comparative context is, in the present study, probably informative about the 

group status already, Tyler and Blader’s study (2002) further confirmed the assumption 

that status-related information is no longer needed from fairness perception when the 

outcome decision is per se informative about the group value based on a comparative, 

intergroup, context (van Prooijen et al., 2002).  
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 However, the role of procedural fairness on decision acceptance when the 

outcome decision is itself informative about intragroup status has not been addressed to 

date. The analysis of the pre-registered H1 hypothesis was followed by an exploratory 

analysis aimed to clarify this alternative interpretation. Since the study was part of a 

larger project which also considered the role of group-based sense of pride from the 

decision to install the geothermal technology, this variable was used as a moderator of 

the relationship between procedural fairness and social acceptance. In this sense, feeling 

of pride was used as an indicator of the positive contribute of the geothermal technology 

implementation to people’s self-esteem.  

 Results of this follow-up analysis are consistent with the interpretation of the 

results of the moderated mediation model: the outcome itself (i.e., the implementation 

of the geothermal energy technology) was already supportive of those psychological 

needs that fair procedures should have fulfilled. Procedural justice climate predicted 

social acceptance only at low levels of perceived group pride. Future studies should 

more systematically verify this association by using experimental procedures and 

directly measuring outcome decisions as a source of status position and self-esteem.  

 

4.8.2 Discussion of the H2 path: group-level autonomy and collective self-determined 

motivations 

The results of this study also have important theoretical and practical implications for 

the effect of group-level autonomy need and collective-self-determined motivation on 

people’s acceptance of large-scale energy technologies. To date, no studies have 

addressed the role of these variables, on a group level, and in the context of acceptance 

of large-scale technologies. Compared to similar research contexts, the present results 

corroborate with the previous, limited, studies that investigated the role of autonomous 

needs and self-determined motivation at an individual level of analysis in the context of 
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policy acceptance (e.g., Contzen et al., 2021; Marshall et al., 2017). Furthermore, the 

present findings replicate the results of Thomas et al. (2017) that the perception that 

one’s own group is free to act autonomously according to one’s group values (i.e., 

collective self-determined motivation) shapes how people evaluate an outcome object. 

In fact, I found that when the Cornish people’s acceptance was experienced as 

collectively self-determined, this fostered the individual acceptance of the geothermal 

energy.  

 

4.8.3 Limitations and conclusion 

The present study presents different limitations. As for the correlational nature of the 

analysis, it is not possible to draw conclusions about causality. In particular, the effect 

of group-level autonomy on procedural fairness could also be in the opposite direction. 

However, it seems more plausible, as in many other psychosocial contexts, that these 

two variables might actually influence each other. It might also depend on the specific 

context in which a person is involved and on their expectations about procedural 

fairness (e.g., Diekmann et al., 2007). Another limitation concerns the low variability of 

the moderator variable social identity violation, which limited the interpretation of the 

proposed path at a high-level of perceived violation. However, this low variability was 

also very informative. Participants in the present study perceived the decision to install 

the geothermal energy as probably supportive of their identity. However, a perceived 

lack of identity violation does not necessarily mean perceived support. For this reason, 

future studies should verify the role of social identity motives (e.g., self-esteem) in both 

supporting and undermining the acceptance of energy technologies. An attempt to 

preliminarily verify such association was made in the present study by using the 

perceived group-based pride related to the decision to install the geothermal technology 

as a moderator of the relationship between procedural fairness and acceptance, which 
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shows promising results as previously discussed. Future studies should also test whether 

the group-level variables of the present study are distinct from individual-level 

perception of the same variables. In particular, experimental studies should verify if 

making salient/not salient one’s ingroup identity would lead people to make different 

evaluations toward the proposed variables in the context of large-scale energy 

technology acceptance. Another limitation concerns the confidence interval ranges of 

the estimated effects, which were fairly wide for the indirect effects. This is probably 

due to the sample size of the present study; therefore, future studies should replicate the 

present results with larger samples to reach a more precise estimation. This limitation 

was partially accounted for by using different statistics for the estimated indirect effects 

based on the Huber-White standard errors, Bias-corrected bootstrap, and Monte Carlo 

method confidence intervals (MacKinnon et al., 2004; Savalei & Rosseel, 2021).  

 In conclusion, the present study shows that symbolic identity-related outcomes 

need to be addressed more when analysing people’s response toward large-scale energy 

technologies. Energy companies, local and national governments would benefit from 

analysing the specific historical and social territory of the site implementation of large-

scale technologies. They should analyse how the specific population interprets the new 

technology implementation and how these interpretations are associated with both 

practical and symbolic outcomes. In doing that, authorities should take a further step by 

going beyond instrumental and procedural considerations, also focusing on group-based 

psychological needs and motivations. 
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Chapter 5 – Study 4 

 

 

The role of support and threat toward group-level identity motives in 

people’s responses toward deep geothermal technology. 

 

Abstract 

Governments are facing challenges in implementing controversial energy technologies 

such as deep geothermal energy and carbon capture storage. This study showed that 

social identity processes are likely to come into operation in the public evaluations of 

these controversial technologies, affecting people’s responses and risk perception. Ad 

hoc measures for the threat and support toward group-level identity from geothermal 

technology implementation were developed. These measures were then used to expand 

our knowledge on the interplay between risk perception and identity dynamics. Main 

results revealed that (i) each support toward group-level identity motives weakened the 

effect of risk perception on the collective action intentions and on the specific intention 

to protest against the technology, (ii) permeability of the group boundaries was relevant 

in affecting the effect of threat toward group-level identity motives only in interaction 

with perceived group relative deprivation, and (iii) support toward identity motives 

were particularly relevant in the social acceptance and in collective action intention to 

act in favour, often above the variance explained by the risk perception. Theoretical and 

practical implications are discussed. 
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5.1 Introduction and research rationale 

The transition toward a low-carbon society involves technological advancements as 

well as public acceptance of new energy technologies at different levels. Once an 

energy project has been authorised by the relevant authorities (e.g., government), the 

general population could potentially undermine the future development and deployment 

of the new energy technologies. This could happen especially if genuine consultancy 

processes aiming to engage local and general public from the first moment are not 

carried out.  

 Beyond contextual aspects such as trust toward authorities and perceived 

distributive or procedural fairness of the decision-making process (e.g., see Huijts, 

2012, and Chapter 4), each type of energy technology comprises specific features that 

could potentially undermine its acceptance by the general population. Examples are 

wind turbines with their effect on landscape aesthetics (e.g., Betakova et al., 2015; 

Diógenes et al., 2020; Johansson & Laike, 2007), or risk perception associated with 

CO2-leakage which plays a major role in the public acceptance of carbon capture and 

storage technologies (e.g., Arning et al., 2019; Whitmarsh et al., 2019).  

Accordingly, understanding how such negative perceptions could be countered 

plays a central role in the field of public acceptance of energy technologies. In this 

sense, economic compensation and job prospects are opportunities to enhance public 

acceptance of (and avoid local objections toward) energy technologies, and such 

benefits have received considerable attention from scholars (e.g., Devine-Wright & 

Sherry-Brennan, 2019; Walker et al., 2014; van Wijk et al., 2021; Tyler et al., 2022). 

From a justice perspective, the idea is that those exposed to major risks and unpleasant 

consequences from the technology should be compensated to guarantee a fairer 

distribution of costs and benefits. However, financial compensations could actually 

trigger scepticism among local communities and be perceived as bribes (e.g., Aitken, 
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2010; Cass et al., 2010; Cowel et al., 2011; Jørgensen, 2020), especially if communities 

have not been previously consulted (Terwel et al., 2014) or if benefits are framed as 

project developers’ discrete choice rather than policy requirements (Walker et al., 

2017). 

In recent years, studies have started to address the role of different factors in the 

acceptance of energy technologies: socio-cultural characteristics (Karimi et al., 2016; 

Karimi & Toikka 2014; 2018), social identity and intergroup relations (Chavot et al., 

2018; Batel & Devine-Wright, 2007; 2018; Molone et al., 2017), and place-technology 

fit (Devine-Wright, 2009; Devine-Wright & Wiersma, 2020). These studies highlight 

how processes involved in cultural and identity dynamics shape the acceptability of 

energy projects. For example, Batel and Devine-Wright (2007) emphasised the 

importance of looking at socio-historical background and subsequent power 

relationships between those regional-level groups hosting an energy technology, and 

those who also benefit from a technology without directly hosting it in their region. 

Karimi and colleague’s research, instead, highlighted - above other individual factors 

such as familiarity with technology - the effect of cultural dimensions (e.g., uncertainty 

avoidance) on risk perception of energy technologies. Consistently with the results of 

Study 1 of the present thesis, Chavot and colleagues (2018) suggested that lack of 

public acceptance of geothermal technologies is not a concern for those regions that are 

used to exploitation of their own underground resources, as this fits within their social 

identity: 

 

“Overall, the reasons to oppose a project are not to be seen as irrational fear regarding the risks induced 

by drilling or as a type of NIMBY selfishness fuelled by ignorance of the technical or/and ecological 

specifics of the projects. Rather, they are related to each stakeholder’s social situation, their inscription in 

different social worlds and their social identity.” (p. 19). 
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Moreover, studies on coal-mining communities show the importance of considering the 

social and cultural reality of a community when analysing locals’ responses toward an 

energy industry (Bell & York, 2010; Carley et al.,  2018; Cha, 2020; Della Bosca & 

Gillespie, 2018; Lewin, 2019). Some of these communities have a strong historical tie 

with the coal industry (in informing them of “who they are”), and continue to support 

this industry despite a number of concrete disadvantages and risks (e.g., industrial 

pollution and lack of job opportunities). A rational costs-benefits analysis cannot 

explain the complexity of this social response. Therefore, support toward new 

renewable energies needs to consider how this transition is suitable to communities’ 

identities and social contexts. 

 Supporting this line of research but from an affective perspective, De Dominicis 

and colleagues (2015) found that place attachment moderated the effect of natural 

hazard (high-level flood events) perceived risk on preventive behaviours. Specifically, 

in context of objective high risk and high perceived risk, the risk perception was 

strongly associated with preventive behaviours at low levels of place attachment. In this 

sense, place attachment was described as a barrier to environmental risk copying 

strategies.  

 An important body of research shows that energy projects can be perceived as a 

threat to people’s place identity. From a psychological framework of place change, 

Devine-Wright (2009; 2011) argued that energy projects may threaten place-related 

distinctiveness, continuity, and self-efficacy.  

 The present study’s aim was to contribute to this line of research by examining 

the extent to which the perceived threat and support toward group-level identity motives 

from the implementation of a large-scale energy technology (i.e., Enhanced Geothermal 

System) affected a series of outcome variables (e.g., intention to accept/collective 

actions) using responses from Scottish and Welsh populations (UK). I mainly drew 
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from research on social identity theories (e.g., Tajfel & Turner, 1979), and identity 

processes and identity motives theories (Identity Process Theory, Breakwell, 1986; 

Motivated Identity Construction Theory, Vignoles et al., 2006; Vignoles, 2011), 

explained in more detail below.  

 

Why Scottish and Welsh participants? 

Three main reasons motivated the choice to focus on these groups. First, two groups 

were needed in order to test the measurement invariance of the novel measures. The 

focus of the novel measures is social identity; therefore, the two groups have to be 

particularly different for that specific aspect. At the same time, the two groups should 

not have been different for many other important aspects in this preliminarily phase, 

such as the official language of the nation. Examining cross-cultural and language 

invariance is certainly a very important step in scale validations. However, this would 

be better suited as the next step of the present research work.  

 Second, each group has its own strong country identity and they also shared a 

superordinate social identity (i.e., British identity). A superordinate social identity was 

important in this study because, as better explained in the next sections, a common 

alternative to the country-level identity was needed to account for possible coping 

strategies. An alternative to one of this group could have been participants from 

Northern Ireland. Here, the choice was motivated by the fact that the availability of 

these participants were much less in the online platform used for participants’ 

recruitment. Therefore, this was mainly a practical choice. More generally, the UK 

context represent an ideal ground for examining countries and national identities.  

 Finally, there are potentials for geothermal energy technology development in 

Scotland, and to a lesser extent in Wales. This allowed well-informed participants to 
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think that the scenario presented could have been realistic while also to gather data from 

relevant contexts.  

 

5.1.2. Group-level identity motives  

I argue that support and threat toward identity motives may represent the basic building 

blocks of social acceptance and individual/collective action related to energy 

technologies. Initial evidence suggests that identity threat is a key factor in 

understanding sustainable behaviours (e.g., Murtagh et al., 2012). If an energy 

technology is considered an important threat for social identity, people might display 

collective action such as protests (Stürmer & Simon, 2004; van Zomeren, et al., 2008) 

in the attempt to minimize the feeling of frustration toward these motives, enhancing 

group position (e.g., intergroup coping strategy, Breakwell, 1986). Conversely, 

satisfaction of the identity-related motives will lead to acceptance and to collective 

actions in favour of the new energy technology. In this sense, “identity motives push for 

certain ways of seeing oneself, which may thus necessitate engaging in certain actions” 

(Vignoles, 2011, p. 406).  

 The concept of individual and social identity motives, and the related threat 

toward these motives, has been discussed via three main relevant theoretical 

frameworks: social identity theories (e.g., Ellemers et al., 2002); identity process theory 

(e.g., Breakwell, 1989) and intergroup threat theory (e.g., Stephan et al. 2015). Based on 

identity process theory, Vignoles and colleagues, have further expanded the role of 

identity motives (and also threat toward these motives) particularly focusing on their 

role on identity construction (i.e., motivated identity construction theory, 2006; 2011).  

 The present study discussed group-relevant identity motives for the present 

context of research work based on identity process theory, motivated identity 

construction theory, and social identity theories. However, the main theoretical 
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framework remains the social identity theories. The purpose of this preference is to 

emphasise the distinction between personal and social identity (abandoned in the 

identity process theory, Breakwell, 2001) (i), to consider group-based responses toward 

a perceived threat and support (ii), to situate the identity into a context (iii), and to 

account for group processes and social changes as meaningfully represented in the 

social identity theory (iv). Distinguishing between these theories is important, however 

is worth knowing that several overlaps between the two exist (see the fifth chapter of 

Jaspal & Breakwell, 2014, for a discussion into the topic). 

 Contrary to social process theory, it could be argued that social identity theories 

put more emphasis on the role of the support toward identity motives. A large part of 

Tajfel and Turner work revolve around the fact that people are motivated to maintain 

and achieve positive social identities and use a variety of strategies to maintain or 

improve their status. Concerning the threats, social identity theories discussed the 

concept of identity threat mainly referring to social status threat, distinctiveness threat, 

and threat to moral values (e.g., Ellemers et al., 2002; Tajfel & Turner, 1979).  

Within the social identity theories, another important motive concerns the uncertainty 

reduction theory (Hogg, 2000) which reflects the need for control. These motive reflects 

people’s need to know what to expect from the physical and social environment, which 

gives them feeling of control over reality.  

 The identity-relevant motives emerged from Study 1 of this research work 

referred to self-esteem, distinctiveness, and continuity motives which will be briefly 

explained below.  

 The need for positive self-esteem arises from the interaction between social 

identities: comparing one’s own group (ingroup) with another relevant group (outgroup) 

represents the way by which people perceive the value of their ingroup (Turner, 1975). 

People use this perception to derive their sense of self-esteem.  
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 Self-esteem is one of the motives that guide people’s identity construction. It is 

considered a desirable state for the structure of the identity (Vignoles et al., 2006; 

Vignoles et al., 2008) and serves the need to maintain and enhance people’s concept of 

themselves (self-esteem motive). People also satisfy other motives from belonging to a 

group. For example, people need to maintain a sense of distinctiveness (distinctiveness 

motive) and to believe that their own identity is continuous over time, where past, 

present and future are connected by common threads despite changes (continuity 

motive) (Becker et al., 2018; Breakwell 1986; Brewer, 1991; Sani et al., 2007; Vignoles 

et al., 2006)4.  

 Beyond the identity construction purpose of these motives, Vignoles and 

colleagues’ (2006) work on the Identity Process theory, drawing from Breakwell 

(1988), proposes that a given situation or message may represent a threat to people’s 

identity to the extent to which satisfaction of these motives is undermined. Manzi and 

colleagues (2006) operationalised identity threat as “the participants’ expectations that 

[an x fact] would pose problems for core identity motives” (p. 678) and showed that 

these motives can be either frustrated or supported. Congruently with this line of 

research/theorization, events that take place in people's social reality are thus perceived 

(among other factors) within a negative/positive continuum as a function of the four 

identity motives.  

 While self-esteem and distinctiveness motives have been widely discussed and 

are inextricable parts of social identity theories (e.g., Jetten & Spears, 1997), less is 

known about the continuity motive within the group context. The concept of continuity 

motive, conceptualised as collective continuity (e.g., Sani et al., 2007), is related to the 

motivation to reduce uncertainty (Hogg, 2000; Venus et al., 2019). In fact, Sani and 

 
4 Further motives are included in the Vignoles’s theory (i.e., meaning, efficacy, belonging). However, I chose the 

most relevant ones for the specific context analysed as emerged from the qualitative study (Study 1, Chapter 2, of the 

present thesis).  
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colleagues (2007) found a positive and significant correlation between the two. 

Smeekes and Verkuyten (2013) found that when national group members are facing 

existential threat to their in-group (the existence of the in-group is undermined), their 

sense of collective self-continuity increases, and this leads to the opposition to a 

relevant out-group as a result of in-group defence mechanisms. In Smeekes’s study, 

people retrieved the sense of collective continuity when threatened by an outgroup, thus 

showing the importance of this motive in group dynamics.  

 In the present study, I argue that if people’s need for continuity is threatened, it 

will lead people to negatively react toward the threat. However, as for the other motives 

of self-esteem and distinctiveness, people’s reactions toward identity motives could be 

shaped by coping cognitive strategies. These will be better explained in the next section.  

  

5.1.3 Considering coping mechanisms and strategies 

This section will focus on cognitive and behavioural strategies that people may use 

when they feel their identity threatened. Understanding that that a lack of collective 

strategies (e.g., behavioural strategies) against energy technologies does not indicate a 

genuine fit between people’s identities and a technology is crucial. In fact, the cognitive 

coping strategies constantly shape the fit between people’s identity and possible 

threatening circumstances. 

 According to social identity theories (e.g., Tajfel & Turner, 1979), actions such 

as protests aim to improve the circumstance of the in-group via a social competition 

type of strategy. Other than improving the collective situation via concrete actions, 

other cognitive-based strategies may be adopted when part of the self-concept is being 

devalued and threatened (e.g., individual mobility, social creativity). These cognitive-

based strategies depend on three main structural elements known as subjective belief 

structures of the society in which a person lives: the perceived permeability of group 
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boundaries, and the perceived legitimacy and stability of the group in relation to other 

groups (Tajfel & Turner, 1979). The adoption of collective strategies depends on the 

extent to which a person believes that “the only way for him[/her/they] to change these 

[disadvantageous] conditions is together with his[/her/they] group as a whole” (Tajfel, 

1981, p. 247). Thus, a collective strategy intends to change the status quo of the whole 

group and not only create an advantage for the person as a single entity.  

 Generally, individual strategies, e.g., individual mobility, which assume that 

intergroup boundaries are permeable, are the dominant strategy to achieve a positive 

social identity (Tajfel & Turner, 1979). Via this strategy, the individual leaves the group 

psychologically and/or physically (e.g., identifying themselves with a higher 

superordinate identity and/or decreasing the identification-level with the in-group), 

improving their personal position in terms of social status and power relations; 

however, those of the whole group remain unchanged.  

 Beyond the individualistic strategies, a group-based social creativity strategy 

can be adopted when the subjective belief structures lead people to think that the 

intergroup relations are legitimate and stable (whether there is a reliable/unreliable 

reason for group differences in terms of advantages/disadvantages and how 

secure/unsecure the perceived relations are). In this case, people may find new 

comparable dimensions, redefine the value of certain dimensions, or choose a new 

outgroup with which they compare (Tajfel & Turner 1979; for an extended explanation 

see Abrams & Hogg, 2006).  

 For these reasons, a measure of perceived permeability of group boundaries 

(opportunities to leave the group) is included in the present third study as possible 

mediator. This will allow us to understand whether at least one of the preconditions of 

subjective belief structures in the intention to act collectively is satisfied. Specifically, 

low perceived permeability of group boundaries represents an important precondition 
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that facilitated people’s engagement in collective strategies such as protesting against 

the issue perceived as a threat. For example, people may not show intention to act 

collectively against the energy technology because they do not feel their identity has 

been threatened. However, they may have had this feeling in the first instance when 

they were asked to think about the technology, and have consequently adopted a 

cognitive-based strategy (which will not be detected in this study but inferred by 

measuring one of the subjective belief structures, i.e., perceived permeability) to make 

the situation congruent with their identity as they perceive boundaries of their group as 

permeable.  

 Following the hierarchy of inclusiveness of the self-concept posited by the social 

identity theory, the perceived permeability of the group boundaries will be detected by 

measuring how easy it would be for a Scottish/Welsh person to identify themselves as 

as British. This should represent the closest available social category for a 

Scottish/Welsh person in terms of nationality as it corresponds to the next higher 

superordinate identity. Looking at the 2011 Census (Office for National Statistics, 

2011), the degree of country-level identities indicates that within Scottish residents, 

62.4% indicated to identify as “Scottish only”. In Wales, only 3.7% identify as “Welsh 

only”.  

 

5.1.4 Intergroup context: which is the outgroup? 

While it would be obvious, in the first instance, to identify the outgroup as those who 

implement the technology and, consequently, that social protests will emerge against 

them, the conflict may actually be grounded on a different source. If social protests 

occur as a result of an intention to improve the status quo of the whole group because 

the higher status of the outgroup is not perceived as legitimate, in line with social 

identity theories, we could alternatively expect that the outgroup is represented by those 
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people who do not live in the area in which the technology is implemented and, 

therefore, may be perceived as privileged. People may protest against actors of the 

technology implementation in a similar way the minority group protests against those 

who have the political power to reduce discrimination. Indeed, the comparative referent 

group of minority groups remains the privileged community (e.g., white community) 

and not only those powerful.  

 Therefore, which is the comparative group in the context of energy technology 

implementation? The out-group in the present study can be represented by other actors 

living outside the country’s boundaries (of Scotland and Wales) within the UK (both in 

situations of perceived support or perceived threat from the technology). The specific 

category in the present study is expected to be subjectively identified according to the 

principles of the outgroup relevance and of proximity and similarities (Jetten, et al., 

2004; Tajfel & Turner, 1979) and may differ across individuals (the main out-group is 

represented by those not living in Scotland/Wales within the UK). It could be “other 

British people” or “English people” for example. However, for 2/3 indicators of the 

specific measure of group-based relative deprivation discussed below, the outgroup was 

specified as the English to facilitate the comparison evaluation made by participants.  

 

5.1.5 Group-based Relative Deprivation 

The energy technology represents a dimension of group comparison and it could be 

identified as a type of incidental disadvantage according to the classification proposed 

by van Zomeren and colleagues (2008). This type of disadvantage is situation-based, 

other examples proposed by the authors are new tax imposed and wind farms 

implementation. Differently, structural disadvantages concern group status or 

discrimination, embedded thus in the social structure. The authors highlighted this 

difference to explain the role of social identities in people’s collective actions such as 
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protests. The present study, instead, focus on the role of group-based identity motives 

rather than social identities. As explained in the above sections, these motives could be 

supported or threatened by the energy technology. Specifically, this section wanted to 

emphasised that (i) the perceived identity threat was conceptualised as emerging from a 

perceived incidental disadvantage (i.e., the technology implementation) but that also the 

role of structural disadvantages was partially take into account as a baseline of the 

perceived threat. In fact, results from the first qualitative study of the present thesis 

(Chapter 2) indicated that the identity-related outcomes from energy technology 

implementation were better understood when interpreted in light of the socio-structural 

characteristic in which the group was involved (see also Batel & Devine-Wright, 2007). 

Based on relative deprivation theories (e.g., Smith et al., 2012), the structural 

disadvantages were taken into account in the present study as a group-based relative 

deprivation subjective perception. In particular, this measure was included as a possible 

baseline to test whether the permeability of the group boundary would have mediated or 

moderated the effect of threat toward group-level identity motives only, or especially 

when, the groups broadly perceive a structural negative intergroup discrepancy (i.e., a 

high level of [in]group-based deprivation; Mummendey et al., 1999a; Smith & Kessler, 

2004). 

 Theories of Relative Deprivation distinguish between two types of perceived 

deprivation. A personal-egoist relative deprivation that refers to an individual level of 

analysis, and a group-specific level of relative deprivation (Runciman, 1966; Smith et 

al., 2012). In both types, one’s individual and group status quo are compared with other 

relevant individuals and groups. The present work considers the group-specific level. 

The feeling of relative deprivation arises from the perception that one’s group status of 

disadvantage is undeserved. In this sense, a perceived discrepancy between the current 

perceived status quo and an ideal standard occurs.  
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5.1.6 Risk perception 

The concept of risk perception is a multidimensional construct (e.g., Wilson et al., 2018). 

The extent to which people evaluate an event as risky has been explained through two 

main dimensions which operate in parallel (Slovic et al., 2004). The cognitive component 

of the risk perception concerns the likelihood that an event, and its consequences, will 

occur; the affective component represents the feelings associated with an event, which 

guide people’s risk evaluation (Loewenstein et al., 2001; Slovic, 1987; Slovic et al., 2004; 

2007).  

 Early work on risk perception highlighted that events associated with a high level 

of uncertainty and catastrophic consequences are perceived as the riskiest, even if the 

actual probability to occur is low (Slovic, 1987). One of the potential negative 

consequences associated with deep geothermal energy is the risk of induced-seismicity 

(Chen et al., 2020; Jeanne et al., 2015; Spada et al., 2021) which incorporates both the 

uncertainty and the catastrophic aspects (Knoblauch et al., 2018). In general, both benefits 

and risks associated with energy technologies influence their acceptability (e.g., de Groot 

et al., 2020; Visschers & Siegrist, 2013). However, the provision of benefits-related 

information associated with the positive renewable feature of geothermal energy as well 

as the positive impact on climate change mitigation does not seem to increase the 

acceptability of the induced-seismicity from geothermal systems (McComas et al., 2016; 

see also Cousse et al., 2021 for similar results). Consistently, support for geothermal 

energy is low compared to other renewable energies such us wind and solar (e.g., Dubois 

et al., 2019; Hart et al., 2015; Stadelmann-Steffen & Dermont, 2021). Therefore, it is 

important to understand which psychosocial factors could increase the general acceptance 

of the geothermal energy technology and in particular those factors that could potentially 
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counter the negative effect of risk perception (especially for objective low-probability 

risks such as those of the geothermal technology). 

 

5.1.7 The present study 

The role of group-level identity motives on people’s acceptance and collective action 

toward geothermal technology was assessed controlling for the effect of risk perception 

regarding the outcome variables. This was done because risk perception in the context of 

people’s acceptance toward geothermal technology seems a prominent explanatory 

variable. Furthermore, results from Study 1 suggested that the risk perception, together 

with procedural fairness contents, might be less relevant in affecting the acceptability of 

the geothermal technology as long as group-level identity motives are supported. Study 

3 confirms that fairness-related perceptions were led by symbolic factors such as violation 

of people’s social identities5. Study 3 used a concise operationalization of threats to the 

identity motives by referring to the closest construct of social identity violation (Mayer 

et al., 2009). In fact, to date no studies have validated a scale that accounts for the effect 

of threat and support toward group-level identity motives in the context of energy 

technology implementation.  

 The present study aimed to: (i) validate a scale measuring threat and support 

toward group-level identity motives from the implementation of a geothermal energy 

technology; (ii) test the moderating role of support toward these motives on the effect of 

risk perception for a series of outcome variables (e.g., collective action intentions); (iii) 

test the mediating effect of permeability of the group boundary on the relationship 

between threat toward group-level identity motives and the outcome variables; (iv) 

explore the possible role of perceived relative deprivation, in interaction with 

 
5 Items used to measure social identity violation could also capture aspects that go beyond the 

symbolic aspects of social identity (i.e., material resources). 
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permeability of the group boundary, in the relationship between threat toward identity 

motives and the intention to protest against the geothermal technology. These are better 

explained in the hypotheses section. 

 Concerning the novelty of the proposed measures, it is important to mention that 

a first attempt to take into account the effect of identity motives in a similar research 

context was made by Dan Venables et al. (2012). Among other aims, the authors 

measured the extent to which a power station was perceived as related to people’s sense 

of place of self-efficacy, self-esteem, continuity, and distinctiveness (i.e., PSSoP). Their 

results showed that attitude to a new nuclear build was positively predicted by PSSoP. 

The authors proposed one item for each motive related to a specific local level (i.e., 

community). The validity of the scale was evaluated only through exploratory factor 

analysis and Cronbach’s Alpha which present limitations under current practices of scale 

validation (Flake et al., 2017; Hussey & Hughes, 2020). 

 In summary, this fourth study aims to explore the key variable from Study 2 

(social identity violation), which in turn was inspired by Study 1, in a more detailed way. 

The idea was to unpack this variable into dimensions. To do that, (i) I considered identity 

dimensions using the aforementioned theories and, specifically, including those that 

emerged in Study 1; (ii) I framed the dimensions both in a positive and negative way; (iii) 

I evaluated the importance of the identity motives by including the effect of risk 

perception. Figure 10 presents the main path considered. 

 

Pre-registered hypotheses 

From multi-group confirmatory analysis (measurement invariance test) 

H1) The factor structure of threat to identity motives and support to identity motives will 

be valid across two samples (items composing these first order factors are related to the 

continuity, distinctiveness, and self-esteem motives). 



 163 

 

From the structural model analysis 

H2a) Motives of support will moderate the effect of risk perception on the intention to 

act against the energy technology: a weaker effect of risk perception on negative 

collective action intentions is expected when motives of support are high. 

H2b) Motives of support will moderate the effect of risk perception on the specific 

intention to protest against the energy technology: a weaker effect of risk perception on 

the intention to protest is expected when motives of support are high. 

H3a) Perceived permeability of the group boundaries will mediate the effect of motives 

of threat on the intention to act against the energy technology. 

H3b) Perceived permeability of the group boundaries will mediate the effect of motives 

of threat on the specific intention to protest the energy technology. 

 

Additionally, paths described in H2 and H3 will also be tested using two different 

outcome variables: acceptance and intention to act in favour. Importantly, especially for 

the intention to act in favour, there was not a strong theoretically background. Therefore, 

it is important to notice that the pre-registration did declare that these paths were included 

in the investigation plan, but these paths remain exploratory: 

 

H4a: Motives of support will moderate the effect of risk perception on the social 

acceptance of the energy technology: a weaker effect of risk perception on social 

acceptance is expected when motives of support are high. 

H4b: Motives of support will moderate the effect of risk perception on the intention to 

act in favour of the energy technology: a weaker effect of risk perception on positive 

collective action intentions is expected when motives of support are high. 
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For the same exploratory purposes, also the H3 path will be tested in the outcome 

variables social acceptance and intention to act in favour: 

H5a) Perceived permeability of the group boundaries will mediate the effect of motives 

of threat on the social acceptance.  

H5b) Perceived permeability of the group boundaries will mediate the effect of motives 

of threat on the intention to act in favour. 

Finally, the pre-registration also indicated that a measure of perceived relative deprivation 

could have been potentially considered. Therefore, the pre-registration did not specify 

how this measure was going to be taken into account. As better explained in the next 

section, this choice was based on results from study 1 which suggested that controlling 

for the perceived socio-structural characteristics in which groups are embedded could 

have helped in the explanation of the hypothesised paths. 

 

Non-pre-registered exploratory analysis 

1) The role of the permeability of the group boundary will also be assessed as a moderator 

(i.e., other than as a mediator) using aggregated measures to simplify the procedures, 

given that the variable group-based relative deprivation will be included as an additional 

moderator (i.e., three-way interaction).  

2) Since the factor structure of the group-level identity motives was found to be more 

complex than expected, an additional important step was included: the association 

between group-level identity motives and the outcome variables will be tested together.  
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Figure 10.  Conceptual model (Study 4).  

 

5.1.8 Analytical strategy 

The general analytical strategy was preregistered on the Open Science Framework 

(OSF) before data were collected. However, more analyses were included once the data 

had been collected mainly because the expected factor structure could not be confirmed. 

Specifically, the study’s analytical strategy consisted of: 

 First, prior to data collection, two power analyses for the multi-group CFA and 

for the SEM model were carried out. A series of post-hoc power analyses were further 

carried out to account for the different factor structures of the final model. The multi-

group power analysis was based on population RMSEA, while the power for the SEM 

model involved a more statistical advanced procedure consisting of a Monte Carlo 

power simulation experiment.  

 Second, I established whether the items of the novel constructs subtended two 

first-order factors (i.e., support and threat) or if they represented a different factor 

structure. A final model structure was chosen based on exploratory factor analysis, 

confirmatory factor analysis, factor loadings, residual correlation, convergent and 

discriminant validity. This step only used the Scottish sample. The CFA guided the final 
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decision on the factor structure. Then, a single CFA was also tested in the Welsh 

sample.  

 Third, the model measurement invariance was tested across population and 

gender. Once the possibility to merge the two datasets (i.e., Scottish and Welsh) was 

achieved, the model was tested against four alternative factor structures. The final factor 

structure was further tested to better examine cross-loadings (EFA). 

 The final model consisted of a six-factor structure. Testing the hypotheses in one 

unique model was not feasible due to the complexity of the model and sample size 

limitation of the present study. The strategy chosen aimed at testing a SEM model that 

was as close as possible to the model priory simulated in the Monte Carlo experiment. 

In order to achieve this goal, the role of support and threat toward group-level identity 

motives was assessed separately for each group-level identity motive types and for each 

outcome variable (see Table 13). These models were also tested including socio-

demographic covariates (age, gender, and education). 

 To clarify the competing role of the different group-level identity motives, these 

were tested together on each of the four outcome variables.  

 The role of the permeability of the group boundaries was examined in 

interaction with the perceived group relative deprivation. 
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Table 13 

Adapted plan for hypotheses testing. 

 Outcome variables 

Variables included in the 

models 

Coll. Act. 

Against 

Intent. to 

Protest 

Social 

Accept. 

Coll. Act. 

in Favour 

1) Supp. - Group-level 

Continuity motives; 

2) Threat - Group-level 

Continuity motives; 

3) Risk Perception; 

4) Permeab. Gr.  

Boundar. 

Model 1  Model 4 Model 7 Model 10 

1) Supp. - Group-level 

Self-esteem motives; 

2) Threat - Group-level 

Self-esteem motives; 

3) Risk Perception; 

4) Permeab. Gr. 

Boundar. 

Model 2 Model 5 Model 8 Model 11 

 

1) Supp. - Group-level 

Distinctiv. motives; 

2) Threat - Group-level 

Distinctiv. motives; 

3) Risk Perception; 

4) Permeab. Gr. 

Boundar. 

  

Model 3 Model 6 Model 9 Model 12 

 

Importantly, the procedure used partially mirrors best practices recommended by Flake 

et al. (2017) and Hussey and Hughes (2020). The latter argued that the structural 

validity of self-report measures is rarely assessed in a rigorous manner in social and 

personality psychology, with an excessive reliance on internal consistency measures 

such as Cronbach’s α. In particular, the authors reported that assessment of 

measurement invariance across contexts and populations is rarely conducted.  
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5.2 Sample size plan: power analyses 

For each analysis, the strategy used to determine an appropriate sample size to achieve a 

sufficient statistical power was based on the specific model complexity. 

 Both prior and post-hoc power analyses were used. In summary, power analyses 

for the multi-group CFA used for the measurement invariance testing, single CFAs, and 

CFAs’ model comparisons were based on the population RMSEA approach 

(MacCallum et al., 1996). Results indicated that all CFA models achieved power > .80. 

Appendix A reports a detailed explanation of these analyses and results.   

For the structural model, the sample size was based on Monte Carlo simulations.  

 

5.2.1 Structural equation model: Monte Carlo simulation power analysis (prior) 

A minimum number of 400 – 500 participants has been suggested when running a 

simple model with latent interaction effects computed using a product indicator 

approach (Kline, 2015). A common guideline classifies a sample of 100 as poor, 200 as 

fair, 300 as good, 500 as very good, and 1,000 as excellent (Comrey, 2013). Therefore, 

it could be said that researchers should aim at recruiting very large sample sizes (i.e., N 

= 1000) to ensure stable covariation among items, especially when there is lack of 

information about parameter values to be estimated in the true population. 

 Beyond the importance of reaching a sufficient statistical power, a realistic and 

feasible plan for sample size estimation has to consider economic constraints related to 

participant recruitment. Therefore, a prior power analysis was conducted using Monte 

Carlo simulation in R (Pornprasertmanit et al., 2021) with 1000 replications × 81 

conditions. This procedure accomplishes both aims to observe true relationships 

between the variables when analysing real data, and therefore to find true statistical 

estimates, and to choose a sample size that would limit project costs.  
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5.2.1.1 Population parameters for the power analysis 

The Monte Carlo simulation power analysis included the estimate of the direct, indirect, 

and interaction effects. The goal of the simulation was to determine an approximate 

minimum sample size to detect power of at least .80 (Cohen, 1988) at α = .05, for each 

effect of the hypothesized model. While the variance and covariance structure of the 

population model was held constant across all simulations, factor loadings and 

regression coefficients varied across different samples sizes.  

 Variants of the true population model were created adopting a conservative 

approach, namely testing the minimum loadings and regression coefficients that can be 

considered acceptable in the context of the present project, and given previous studies in 

related areas. The indicators of exogenous and endogenous factors were simulated 

under conditions of multivariate normality and maximum likelihood estimation. As 

there was not a solid base for setting specific values, the choice relied on average values 

used in simulation studies in social science for some of the model specifications (e.g., 

Wolf et al., 2013). Constant population values were fixed as follows: 

 

• residual factor loadings were calculated as the square root of 1 – λ2, with λ being 

the lambda (loading) of a latent variable;  

• residual covariance of the endogenous variables (𝜓) was set to .3, which was 

standardised by multiplying .3 to the standard deviation of their variance; 

• variance and covariance of the exogenous latent variables, (𝜙), were set to 1 and 

.4 respectively; 

• all intercepts and means were set to 0. 

 

To generate multivariate normal data, the package simsem version 0.5-16 was used 

(Pornprasertmanit et al., 2021). The simulation design was a 3 (factor loadings) × 3 
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(paths coefficients) × 9 (sample sizes) conditions. These different conditions were 

tested because reliability of the scores (i.e., loadings) tend to highly affect power (e.g., 

Kline, 2015). Moreover, due to the novelty of the proposed measures, effect estimates 

from prior literature were not available. This is also the reason why a Monte Carlo 

simulation experiment was carried out instead of simulating a unique model 

specification. 

 Factor loading intervals ranged from .50 to .70, from sufficient to good 

indicators representation. The lower and upper bounds of coefficient values were set to 

.10 and .30 respectively. Therefore, the following sets of population values were 

specified: 

 

• Factor loadings: .50, .60, .70  

• Regression coefficients: .10, .20, .30  

• Sample size: 200, 300, 400, 500, 600, 900, 1000  

 

The way in which the interaction was computed is explained in Appendix A. 

 

5.2.1.2 Results of the Monte Carlo simulation power analysis 

Figure 11 displays the power of the parameters estimated across sample size, magnitude 

of factor loadings and regressive paths. In general, results show that models with larger 

factor loadings and regression coefficients would require a smaller sample size 

compared to models with lower values. Overall, stable power was achieved with a 

sample size of at least N = 500-600 even for a condition of not optimal loadings and 

regression coefficients as shown in the .20 × .60 panel. 
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Figure 11.  Power of the parameter estimate as a function of sample size (N), 

magnitude of factor loading (.50, .60, .70), and magnitude of regressive path (.10, .20., 

30). 

 

The present sample size plan has some limitations that were also explained in the pre-

registration. First of all, the number of indicators per factor could have changed 

depending on the results of the single and multi-group confirmatory analysis. This was 

the case in the present study. As explained in the next sections, the number of items for 

the factors support and threat toward identity motives was not the same as in the 

simulation. The Monte Carlo simulation did not account for different values in the 

variance and covariance matrices, therefore the true power might be different from what 

was estimated. However, the results from the present analyses are consistent with 

previous studies and general rules of thumb for structural models (e.g., see Kline, 2015) 

which supports the reliability of the present simulation results. 

 

5.3 Method 

5.3.1 Participants and procedure 

Two groups of participants were recruited, 300 were Scottish residents and 300 were 

Welsh residents. Participants were recruited through the online service Prolific 

Academic using the platform Qualtrics. Criteria were nationality (UK-Scotland/UK-

Wales), current UK area of residence (Scotland/Wales) and that they had not 
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participated in the pilot studies. Participants’ gender was balanced (i.e., 150 males and 

150 females for each group), with four participants indicating non-binary or preferred 

not to answer when asked about their gender. Participants’ age-range was as follows: 

18% age-range 18-25; 47% age-range 26-40; 28% age-range 41-60; 0.7% age 61+. 

Participants’ level of education was distributed as follows: 14% preferred not to answer 

this question, 30% had attended college, 36% held a first university degree, 20% held a 

post-graduate university degree. 

 Participants were first informed that the aim of the study was to investigate what 

people think about the geothermal energy and that potential developments of the 

geothermal technology were currently being considered in Scotland/Wales. A brief 

explanation about the specific geothermal technology (i.e., enhanced geothermal 

systems, EGS) was presented and it was specified that the energy extracted from their 

territory (i.e., Scotland/Wales) would also be used in other parts of the UK. This was 

done to present a realistic scenario and based on information from the British 

Geological Survey. Participants were also given the opportunity to visit the British 

Geological Survey website (https://www.bgs.ac.uk/) if they wanted further information. 

After giving their consent, the survey began.   

 The survey contained four attention checks, randomly distributed in the survey, 

where participants were asked to answer the question “I am reading attentively the 

questions on this survey” on a Likert scale, from 1 (strongly disagree) to 7 (strongly 

agree). The response format of this question was the same as the other measures in the 

survey. Participants were also excluded based on completion time of the survey (+/- 3 

SD). In total, seven participants were excluded; the recruitment ended when I reached a 

sample of 300 participants for each group. The questionnaire was presented in separate 

blocks by construct, with item order within the blocks randomly presented for each 

participant. The block order was random apart from the three outcome variables, which 

https://www.bgs.ac.uk/)


 173 

were always presented at the end of the survey, before the socio-demographic questions. 

After completing the survey, participants were debriefed and informed that the 

development of the geothermal technology was not actually being considered in their 

location.  

 

5.3.2 Measures 

In the following measures, the word in brackets [Country] can mean Scotland or Wales. 

In the same way, the word [group type] can mean Scottish or Welsh. All items included 

in the survey that were not part of the main analyses can be consulted in the Appendix 

B. 

 

Collective action intentions against the technology 

Participants were asked to indicate how likely they would be willing to take a series of 

actions against the implementation of the geothermal technology: 1) participating in a 

protest; 2) attending a discussion meeting; 3) signing a petition; 4) sharing a post on 

social media (e.g., Facebook); 5) voting for a political party that is against the 

technology; 6) meeting supporters of the technology to 

persuade them to change their mind. Participants indicated their answer on a scale from 

1 (Extremely unlikely) to 7 (Extremely likely). 

 

Collective action intentions in favour of the technology 

Participants were asked to indicate how likely they would be willing to take a series of 

actions in favour the implementation of the geothermal technology: 1) making a 

donation; 2) attending a discussion meeting; 3) signing a petition; 4) sharing a post on 

social media (e.g., Facebook); 5) voting for a political party that is in favour of the 

technology; 6) meeting opponents of the technology to persuade them to change their 
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mind. Participants indicated their answer on a scale from 1 (Extremely unlikely) to 7 

(Extremely likely). 

 

Social acceptance 

Participants were asked to express their level of agreement on five statements: 1) “I 

would accept the construction of geothermal technology in [Country] as a source of 

energy for the entire UK”; 2) “I think that the geothermal technology is an efficient 

alternative compared to other existing energy technologies”; 3) “Geothermal technology 

in [Country] would be an effective technology to produce renewable energy”; 4) “I 

would genuinely agree with the decision to implement the geothermal technology in 

[Country]”; 5) “I would accept the geothermal technology, regardless of where it will be 

placed”. Participants indicated their answer on a scale from 1 (Strongly disagree) to 7 

(Strongly Agree). Items 2 and 3 were adapted from Vlassenroot et al. (2011). 

 

Social identity violation 

Participants were asked to express their level of agreement on a four statements: 1) “I 

feel the decision would damage the [group type] people’s identity”; 2) “I feel the 

decision goes against [group type] people”; 3) “I feel like something that is very 

important to [group type] people would be violated by the decision”; 4) “Some things 

that I value and that are a part of my identity as a [group type] person would be 

disregarded by the decision”. Participants indicated their answer on a scale from 1 

(Strongly disagree) to 7 (Strongly Agree). Items were adapted from Mayer et al. (2009). 

 

Permeability of the group boundaries 

Participants were asked to express their level of agreement on five statements:1) reverse 

scored “In principle, it is difficult for a [group type] person to be considered as a British 
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person”; 2) “For a [group type] person it is possible to be regarded as a British person”; 

3) reverse scored “A [group type] person will never primarily identify as a British 

person”; 4) “I think [group type] people, when circumstances require so, can easily 

identify as primarily British”; 5) “To be identified as “[group type]” or “British” would 

have the same meaning for me”. Participants indicated their answer on a scale from 1 

(Strongly disagree) to 7 (Strongly Agree). Items 1 and 2 were adapted from Kessler and 

Mummendey (2002). Item 3 was adapted from Mummendey et al. (1999b). 

 

Risk perception 

Participants were asked to express their level of concern, worry, and anxiety on three 

statements: 1) “Considering any potential negative effects that the geothermal 

technology might have on [group type] people, how concerned are you about it?”; 2) 

“When you think about the geothermal technology in [Country], to what extent do you 

feel worried?”; 3) “When you think about the geothermal technology in [Country], to 

what extent do you feel anxious?” Participants indicated their answer of these items on 

a scale from 1 (Not at all concerned/worried/anxious) to 7 (Extremely 

concerned/worried/anxious). Participants were asked to express their level of agreement 

on three statements: 4) “It is likely that geothermal technology would represent a threat 

to people’s safety in [Country]”; “5) It is likely that geothermal technology would have 

negative knock-on effects over the years for the natural environment in [Country]”; 6) 

“It is likely that seismic events from geothermal technology would occur in [Country]”. 

Participants indicated their answer on a scale from 1 (Strongly disagree) to 7 (Strongly 

Agree). All items were adapted from Wilson et al. (2018). 
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Group-level relative deprivation 

A common outgroup, English people, was chosen so that each group of participants 

gave their answer thinking about the same reference group. 

 Participants were asked to express their level of agreement on one statement: 1) 

“I feel frustrated and dissatisfied about the amount people earn in [Country] compared 

to people in England”. Participants indicated their answer on a scale from 1 (Strongly 

disagree) to 7 (Strongly Agree). Then, they were asked to express their opinion on the 

following statement: 2) reverse scored “People in [Country] generally earn ... than 

people in England”. Participants indicated their answer on a scale from 1 (Much less) to 

7 (Much More). Finally, they were asked to express their opinion on the following 

statement: 3) “To what extent do you think people in [Country]are disadvantaged 

compared to those living elsewhere in the UK?” Participants indicated their answer on a 

scale from 1 (Not at all) to 7 (Very much). Items 1 and 2 were adapted from Abrams and 

Grants (2012), item 3 was adapted from Thomas et al. (2020). 

 

Group-level identity motives 

The final indicators used for the constructs of support and threat toward group-level 

identity motives were chosen from a pool of items. The next sections will explain how 

these were generated and the procedures used to select the final items. 

 

5.3.2.1 Group-level identity motives –  item generation 

The generation of items for the novel construct of identity motives of support and threat 

was mainly inspired by the group discussions in Study 1. The operationalisation process 

also considered the construct definitions and explanations provided by relevant 

literature (Bagci et al., 2020; Tajfel & Turner, 1979; Vignoles et al., 2006; Vignoles et 

al., 2008; Breakwell 1986; Sani et al., 2007; Manzi et al., 2006). The construct 
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definitions and item development constitute major problems in construct definition and 

validation in psychology. Constructs are often partially represented, with either positive 

or negative content ranges being measured, resulting in polarity ambiguity (Tay & Jebb, 

2018). Ultimately, a construct measured with an agreement Likert-type scale might 

bring ambiguity in the meaning of what the lower bound of the scale means as the 

authors pointed out. For example, in the present study context, the lower range of 

factors related to the support toward identity motives could either mean absence of 

support or absence or perceived threat. To avoid ambiguity, the two aspects - support 

and threat - were measured separately as unipolar constructs but still theoretically 

representing the extremes of a continuum. A small pilot study was carried out to ensure 

participants’ understanding of the items. This is explained in Appendix C.  

 

5.3.2.2 Group-level identity motives –  item selection plan 

The goal of the pre-registered plan was to offer a parsimonious six-item observed 

measure for each of the new latent constructs (support and threat toward identity 

motives). The pre-registered plan could not be implemented based on CFA model fit 

indices. Based on Breakwell’s (2021) identity motive factor structures, the new items 

selection plan was adapted. The adapted goal was to retain three items per factor to 

pursue both parsimony and to avoid empirical under-identification (Kline, 2015). In 

summary, the scale development was based on exploratory factor analysis, item 

correspondence with the construct, factor loadings, residual correlations, content and 

discriminant validity. Details of this section are reported in Appendix C. 

 

5.3.2.3 Criteria for scale validity 

The convergent and discriminant validity were expected to be confirmed by results of 

the measurement model (i.e., CFA). Additionally, convergent validity was further 
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evaluated from the strength of the association between the novel measures and the more 

established measure of “social identity violation” (Mayer et al., 2009). Further, the 

Average Variance Extracted (AVE) and the Omega coefficient (Fornell & Larcker, 

1981; McDonald, 1999) were examined. The recommended thresholds are respectively 

≥ .50 and ≥ .70. These last analyses were carried out using the function reliability of the 

package semTools (version 0.5.5.912). In case AVE is < .50 but the Omega value is > 

.60, the convergent validity of the constructs is still adequate. The discriminant validity 

(i.e., whether the six scales were empirically distinct), was evaluating following Rönkkö 

and Cho (2022) who stressed the importance of shifting from a cut-off to a classification 

system in the assessment of discriminant validity. According to the recommended 

classification system, the upper bound (UL) limit of the confidence interval of 

covariance between each pair of factors should be interpreted as follows:  if UL < .8 no 

problem, if UL ranges from ≤ .8 to < .9 marginal problem; if UL ranges from ≤ .9 and 

<.1 moderate problem; if UL ≤ 1 severe problem. More details on this section can be 

found in Appendix C. 

 

5.4 Items development –  Results 

5.4.1 Item selection results 

Based on exploratory factor analysis, item correspondence with the construct, factor 

loadings, residual correlations, the final items used to represent the six factors were 

chosen. See Appendix C for more details on this section. This solution was then 

evaluated for the convergent and discriminant validity.  

 

5.4.2 Results of the scale validity 

AVE and Omega coefficients were above the recommended thresholds indicating 

convergent validity. Threat toward continuity motives was just above the AVE 
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thresholds (i.e., .52), and also had the lower Omega coefficient among other factors 

(i.e., .76). The others AVEs ranged between .64 and .73. The other Omega coefficients 

ranged between .84 and .89. 

 Results of the discriminant validity based on the CI upper limits of the 

covariance between the latent constructs (Rönkkö & Cho, 2022) suggested that, overall, 

discriminant validity was supported: 12/15 pairs of factors were classified as “no 

problem”, 2/15 as “marginal problem”, and 1/15 as “moderate problem”. Latent-based 

correlations among among the novel measures and the measure of social identity 

violation (Mayer et al., 2009) further supported the construct validity (these ranged 

from -.20 to .84). Details of these analyses are reported in Appendix C. 

 

5.4.3 Single CFAs – final model  

The final model fit the data well (χ2
120 204.742, p < .001; SRMR = .045; RMESA= .053, 90% 

CI [.040, .065]; CFI= .971; TLI= .963). After three months, data from the Welsh sample 

were collected and the model initially fit on the Scottish sample was tested on the Welsh 

one. Results indicated that model fit was sufficient (χ2
120 213.549, p < .001; SRMR = .048; 

RMSEA= .058, 90% CI [.045, .070]; CFI= .966; TLI= .957). Items and factor loadings 

included in final model are presented in Table 14 (CFA on the Scottish sample), and 

Table 15 (CFA on the Welsh sample). 
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Table 14 

Single CFA – Scottish sample 

Latent Factor Indicators B SE β 
     

Support  

Continuity  

Motive 

I think that the GT may contribute to preserve 

Scotland’s traditions. 
1.123 .083 .809 

I perceive a sense of continuity between the past 

energy technologies in Scotland and the future 

prospect use of geothermal energy technology 

in Scotland. 

  .777 .089 .593 

Despite societal changes, the geothermal energy 

technology may help to preserve the Scottish 

culture and identity over time. 

1.298 .075 .886 

Support  

Distinctiveness 

Motive 

GT would be one more thing to put Scotland on 

the map. 
1.124 .072 .835 

GT would make my country (Scotland) 

positively different from others. 
1.138 .075 .874 

GT would make Scotland stand out from the 

rest of the UK. 
1.183 .078 .852 

Support  

Self-esteem  

Motive 

I think people in Scotland would be proud of the 

development of GT. 
1.104 .079 .864 

Using the GT would make Scotland feel closer 

to my ideal country. 
1.145 .076 .772 

In general, I think people from elsewhere would 

think positively about the implementation of the 

GT in Scotland. 

  .962 .088 .769 

Threat  

Continuity  

Motive 

The GT does NOT fit with the historical past of 

Scotland. 
  .913 .107 .641 

I don’t see why we should implement the GT 

while we could keep using the ones we have 

been using so far. 

1.141 .087 .800 

Instead of implementing the GT, people should 

work on the improvement of the current energy 

technologies that we already have in Scotland. 

1.138 .076 .787 

Threat  

Distinctiveness 

Motive 

The implementation of the GT would make 

Scotland less unique. 
1.106 .082 .862 

I believe that the implementation of GT in 

Scotland would create undesirable similarities 

between Scotland and the rest of the UK. 

1.044 .073 .826 

I think that the GT would undermine some 

aspects that differentiate Scotland from the rest 

of the UK. 

1.150 .067 .799 

Threat  

Self-esteem  

Motive 

The GT may devalue some aspects of my 

country (Scotland). 
1.255 .082 .790 

I think the GT may undermine the image of 

Scotland. 
1.273 .080 .899 

I may be embarrassed, and in some way 

ashamed, by telling people living elsewhere that 

Scotland hosts the GT. 

  .978 .085 .829 

Note. All factor loadings are significant (p < .001). B = non-standard. estim.; SE = standard error; β = standard. estim; 

GT = geothermal technology (note that participants saw complete words, not abbreviations). 
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Table 15 

Single CFA – Welsh sample 

Latent Factor Indicators B SE β 
     

Support  

Continuity  

Motive 

I think that the GT may contribute to preserve 

Wales’s traditions. 
1.348 .064 .872 

I perceive a sense of continuity between the 

past energy technologies in Wales and the 

future prospect use of geothermal energy 

technology in Wales. 

  .940 .086 .649 

Despite societal changes, the geothermal energy 

technology may help to preserve the Welsh 

culture and identity over time. 

1.363 .069 .882 

Support  

Distinctiveness 

Motive 

GT would be one more thing to put Wales on 

the map. 
1.343 .080 .879 

GT would make my country (Wales) positively 

different from others. 
1.284 .074 .877 

GT would make Wales stand out from the rest 

of the UK. 
1.105 .093 .808 

Support  

Self-esteem  

Motive 

I think people in Wales would be proud of the 

development of GT. 
1.335 .074 .887 

Using the GT would make Wales feel closer to 

my ideal country. 
1.311 .072 .796 

In general, I think people from elsewhere would 

think positively about the implementation of the 

GT in Wales. 

1.211 .082 .843 

Threat  

Continuity  

Motive 

The GT does NOT fit with the historical past of 

Wales. 
  .906 .105 .573 

I don’t see why we should implement the GT 

while we could keep using the ones we have 

been using so far. 

1.124 .090 .753 

Instead of implementing the GT, people should 

work on the improvement of the current energy 

technologies that we already have in Wales. 

1.138 .086 .760 

Threat  

Distinctiveness 

Motive 

The implementation of the GT would make 

Wales less unique. 
  .938 .083 .775 

I believe that the implementation of GT in 

Wales would create undesirable similarities 

between Wales and the rest of the UK. 

1.104 .098 .809 

I think that the GT would undermine some 

aspects that differentiate Wales from the rest of 

the UK. 

1.269 .083 .880 

Threat  

Self-esteem  

Motive 

The GT may devalue some aspects of my 

country (Wales). 
1.285 .085 .764 

I think the GT may undermine the image of 

Wales. 
1.248 .089 .912 

I may be embarrassed, and in some way 

ashamed, by telling people living elsewhere that 

Wales hosts the GT. 

  .956 .103 .810 

Note. All factor loadings are significant (p < .001). B = non-standard. estim.; SE = standard error; β = standard. 

estim.; GT = geothermal technology (note that participants saw complete words, not abbreviations). 



 182 

5.5 Measurement invariance, model comparisons, and unrestricted model 

This section presents the results of the hypothesis H1 regarding the measurement 

invariance of the novel measures group-level identity motives across the Scottish and 

Welsh samples. Then, the invariant measures will be further tested against four 

alternative models. 

 

5.5.1 Criteria for the measurement invariance test 

Evidence of noninvariance was based on (i) non-significant chi-square differences 

between nested models or (ii) relative differences in model fit indices (Δ). If neither of 

these two criteria were met, (iii) partial invariance was tested (i.e., one or more 

estimates are allowed to be free). 

 In terms of cut-off criteria for differences in model fit indices (ii), these were 

based on a series of simulation studies carried out by Chen (2007). The most stringent 

criteria suggested by Chen were chosen: Δ CFI ≥ - .010 paired with Δ RMSEA ≥ .015 or 

SRMR Δ ≥ .010. However, it is important to note that evaluating measurement 

invariance using fixed cut-offs comes with limitations, especially for Type I error, as 

conditions differ across studies (Jorgensen et al., 2018). 

 

5.5.2 Results of the measurement invariance 

Table 16, 17, and 18 present the output of the measurement invariance. Each of the 

invariance test result is described below.  

 

Model 1: Configural invariance (structural model)  

An unrestricted baseline model was specified; each group was allowed to estimate their 

parameters and equality constraints were not imposed. Model fit was adequate (χ2
240 

418.637, p < .001; SRMR = .044; RMSEA= .055, 90% CI [.046, .064]; CFI= .968; 
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TLI= .960). This model represented the baseline against which model comparisons 

across levels of invariance were tested. 

 

Model 2: Factor loadings invariance (“metric” – “weak”) 

Nested within the configural invariance model, loadings of this model were constrained 

to be equal across groups. The chi-square difference was not significant indicating 

invariant loadings across Scottish and Welsh groups, therefore supporting a full-metric 

model.  

 

Model 3: Intercepts invariance (“scalar” – “strong”) 

A further constraint consisted of equality of intercepts across Scottish and Welsh 

samples. This level of invariance, nested within factor loadings invariance model, 

supported the hypothesis of full-scalar invariance (i.e., equal factors structure, equal 

factor loadings, equal intercepts). In other words, the chi-square difference between 

Model 2 and Model 3 was not significant. 

 

Model 4: Residuals invariance  

The most restrictive model tested the invariance of the residuals across the two groups. 

This level of invariance supported equality across the two groups as the chi-square 

difference between Model 3 and Model 4 was not significant. 

 

Table 16 

Nested model comparisons – Robust (MLR) Chi-Squared Difference Test  

MI level df AIC BIC χ2 Δ χ2 Δ df p value 

Configural 240 31550 32157 513.34 
   

Weak 252 31550 32104 537.45 17.303 12 .1385 

Strong 264 31542 32043 553.17 15.869 12 .1973 

Residual 282 31536 31958 583.68 16.737 18 .5412 
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In summary, the invariance was accepted by chi-square differences and no other criteria 

were used. The hypothesis H1 was partially supported: the pre-registered factor 

structure could not be accepted by fit indices of the CFA and so it was not possible to 

test the invariance. However, the adapted factors structure was invariant across groups.  

The measurement invariance was also supported across gender (see Appendix D).  

 

Table 17 

Model fit indices – Robust estimator (MLR) 

 χ2 df p value RMSEA CFI 

Configural 418.637 240 < .001 .055 .968 

Weak 435.473 252 < .001 .055 .967 

Strong 452.267 264 < .001 .054 .967 

Residual 462.724 282 < .001 .052 .967 

 TLI SRMR AIC BIC  

Configural .960 .044 31.549.973 32.156.749  

Weak .960 .050 31.550.085 32.104.098  

Strong .961 .050 31.541.806 32.043.056  

Residual .964 .051 31.536.321 31.958.426  

 

Table 18 

Non-significant differences in fit indices 
 df RMSEA CFI TLI SRMR AIC BIC 

Weak  –  Config. 12  .000 -.001 .001 .006    .111 -52.652 

Strong –  Weak 12 -.001 -.001 .001 .000 -8.279 -61.042 

Resid.  –  Strong 18 -.002  .000 .003 .001 -5.485 -84.630 

 

5.5.3 Nested factor structure model comparisons 

Using the complete dataset (N = 600) to ensure sufficient power, the six-factor structure 

was initially tested against three alternative models: a two-factor model, a bifactor 

model, and a second-order model. The Bayesian information criterion (BIC) was used to 

evaluate the optimal model (Li et al., 2017). The results showed that the six-factor 

structure was the best model (see Figure 12). Fit indices of the two-factor model were 
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poor (χ2
134 874.254, p < .001; SRMR = .079; RMSEA= .111, 90% CI [.104, .118]; CFI= 

.856; TLI= .835). Model fit indices of the second-order was sufficiently good, 

confirming the plausibility of two common higher level factors (χ2
128 306.561, p < .001; 

SRMR = .063; RMSEA= .055, 90% CI [.047, .063]; CFI= .966; TLI= .959). Indices of 

the bifactor model were good, however factor loadings were not significant. This 

required further investigation testing whether one factor acts as a marker measure for G 

in an alternative bifactor model-type framework, i.e., the bifactor S–1 in which a 

referent domain is used (see Eid et al., 2017; 2018). For both support and threat of the 

group-level identity motives, self-esteem was chosen as a marker standard. The model 

fit the data well (χ2
108 184.915, p < .001; SRMR = .029; RMSEA= .040, 90% CI [.030, 

.049]; CFI= .985; TLI= .979) and, contrary to the classic bifactor model, all loadings 

were significant in the bifactor S–1 model. However, the variance-covariance matrix of 

the estimated parameters was not positive definite. A non-positive matrix was also 

obtained when using the other two group-level identity motives as the dimension 

markers. Finally, the BIC showed that the six-factor structure was still the best model 

compared to all alternatives. For the purpose of the current study, the six-factor model 

was retained and no further model was tested.  

 

 

Figure 12.  Factors structure of threat and support of group-level identity motives from 

energy technology implementation. 
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5.5.4 Unrestricted measurement model 

Finally, the factor structures were also evaluated via an unrestricted measurement model 

(EFA) with an oblique rotation (oblimin). Since all indicators were allowed to depend 

on all factors, this analysis tested the degree of independence between items of the three 

different factors (Figure 13). Results showed no evidence for cross-loadings: no items 

loaded more than .3 on other factors. In Figure 13, numbers below the name of the 

identity motives represent the expected items. For example, “Support – Gr. Continuity 

Motives (1, 2, 3)”, these numbers indicate which item should load on this factor. 

Item 1 (i.e., number 10 in Figure 13) of the threat toward continuity motives showed the 

weakest loading (see Appendix B for items correspondences). The magnitude of the 

factor loadings was different compared to the factor loadings of the CFA, although this 

difference between EFA loadings and CFA loadings is normal as, differently from EFA, 

cross-loadings are fixed to zero in CFA (see Brown, 2015).  
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Figure 13.  EFA with items of the final factor structures.  

Note. For numerical indices of this graph, see Appendix B.  

Note 2. Loadings ≥ +/- .4 are numbered. 

 

5.6 Structural equation model analyses  

Given the sensitivity of the chi-square statistic to sample size, structural models were 

evaluated using the root mean square error of approximation (RMSEA), the 

comparative fit index (CFI), the Tucker–Lewis index (TLI), and the standardized root 

mean square residual (SRMR). All models were tested using a robust estimator (MLR, 

Savalei & Rosseel, 2021) to account for multivariate non-normal data inspected via 

density and Q-Q plots. A fixed-factor method was used for scale identification. 
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Reasonable fit indices were accepted as follows: CFI and TLI >.90, RMSEA and 

SRMR < .08 (Byrne, 1998; Hu & Bentler, 1999).  

 An unconstrained approach, via product indicators, was used to create the 

moderator variable (Marsh et al., 2004). Matched-pairs (see Marsh et al., 2012) and 

double-mean-centering strategies (Lin et. al., 2010) were adopted for the product 

indicators procedure. For the interaction, the variable risk perception was reduced into 

three parcels to create an equal match with the number of items of the support toward 

group-based identity motives. Parcels were created based on correlation strengths within 

items. Specifically, the affect-related items formed one parcel, a second parcel was 

formed by items measuring the likelihood that the geothermal technology would 

represent a threat to people safety and that it would have negative knock-on effects on 

the environment, while the item measuring the likelihood that seismic events from 

geothermal technology would occur was not parcelled. These were then matched, 

separately, with items of the continuity, distinctiveness, and self-esteem motives in the 

exact same order as they were originally labelled. Some other matches were tested, and 

results remained stable. 

 When using the single item “intention to protest” as the outcome variable, this 

was treated as latent using the sample variance of this single indicator and the estimated 

reliability (𝜎 × 1 [−𝛼]). The estimated reliability was based on the reliability of the 

“collective intention to act against” construct. 

 

5.6.1 Descriptive statistics 

Means, standard deviation, Omega coefficients, as well as indices of univariate 

normality (i.e., skewness and kurtosis) are reported in Table 19. Considering the sample 

size (i.e., ≥ 500), and the robust estimator used in the SEMs analyses, skewness and 

kurtosis were acceptable (Lei & Lomax, 2005). 
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 The bivariate correlations of the aggregated measures (Table 20) were in the 

expected direction.  Perceived permeability of the group boundary and group-level 

relative deprivation significantly correlated, in line with Mummendey et al. (1999a). 

However, the association between perceived permeability of the group boundary and all 

other variables was not significant. This indicated that the expected mediation path 

might not be confirmed (H3a). Country-level identity and British identity were not 

included in the correlation matrix as these were not part of the main analyses. However, 

it is interesting to mention that country-level identity significantly correlated with 

collective action intentions (r = .12, p = < .001), and with all, expect for threat of self-

esteem, group-level identity motives ranging from .12 to .24 (p = < .001). Country-level 

identity was also significantly associated with relative deprivation (r = .14, p = < .001) 

and permeability (r = -.21, p = < .001). British identity significantly correlated only with 

relative deprivation (r = -.19, p = < .001) and permeability (r = .70, p = < .001).  

 On average, participants identified themselves more with their country-level 

identity (M = 5.82; SD = 1.23) than with the British identity (M = 4.07; SD = 1.71). 

Looking at the differences between the Scottish and the Welsh samples, the observed 

regional identity of the Scottish sample (M = 5.90; SD = 1.14) was slightly stronger than 

the regional identity of the Welsh sample (M = 5.74; SD = 1.30). However, the mean 

difference was not significant (t587.33 = 1.59; p = .11). Consistently with data from the 

UK Census 2011 (Office for National Statistics, 2011), the Scottish sample showed, on 

average, to identify less with the British identity (M = 3.63; SD = 1.73) compared to the 

Welsh sample (M = 4.52; SD = 1.57). This difference was significant (t592.85 = -6.59; p = 

< .001).  
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Table 19 

Descriptive statistics (N = 600) 

 M (± SD) 𝜔 Skew Kurtosis 

1. Actions Against 2.13 (± 1.25) .88 1.32 1.46 

2. Int. to Protest 1.73 (± 1.30) – 1.99 3.45 

3. Soc. Acceptance 4.65 (± 1.29) .88 -.46 .27 

4. Actions in Favour 3.09 (± 1.35) .86 .24 -.77 

5. Supp. Continuity 4.33 (± 1.25) .84 -.24 -.09 

6. Supp. Self-esteem 5.06 (± 1.28) .86 -.79 .65 

7. Supp. Distinctiv. 5.33 (± 1.27) .89 -.81 .67 

8. Thr. Continuity 3.02 (± 1.21) .77 .39 -.03 

9. Thr. Self-esteem 2.31 (± 1.25) .87 1.25 1.67 

10. Thr. Distinctiv. 2.32 (± 1.18) .86 .99 1.05 

11. Risk perception 3.05 (± 1.33) .93 .51 -.15 

12. Soc. Id. Violation 2.36 (± 1.30) .94 .98 .74 

13. Permeab. Gr. B. 4.30 (± 1.41) .81 -.27 -.36 

14. Rel. Deprivation 4.63 (± 1.22) .77 -.01 -.60 

Note. Omega of the “Int. to Protest” is not displayed because it is one single item.  
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Table 20 

Bivariate correlations (N = 600) 

 1 2 3 4 5 6 7 8 9 10 11 12 13 

1. Actions Against —             

2. Int. to Protest .82*** —            

3. Soc. Accep. -.54*** -.37*** —           

4. Act. in Favour -.02 .01 .53*** —          

5. Sup. Continuit. -.22*** -.11 .47*** .41*** —         

6. Sup. Self-Est. -.38*** -.24*** .67*** .49*** .59*** —        

7. Sup. Distinc. -.30*** -.21*** .55*** .38*** .61*** .70*** —       

8. Thr. Continuit. .44*** .29*** -.62*** -.40*** -.33*** -.55*** -.40*** —      

9. Thr. Self-Est. .56*** .41*** -.63*** -.31*** -.29*** -.55*** -.40*** .68*** —     

10. Thr. Distin. .46*** .33*** -.47*** -.24*** -.16*** -.43*** -.28*** .60*** .74*** —    

11. Risk percep. .60*** .42*** -.66*** -.31*** -.28*** -.50*** -.34*** .61*** .70*** .55*** —   

12. Soc. Id. Viol. .58*** .45*** -.61*** -.29*** -.18*** -.47*** -.34*** .63*** .76*** .74*** .67*** —  

13. Perm. Gr. B. -.04   -.08 .07 -.01 -.06 -.02 -.03 -.04 -.02 -.10 -.01 -.11 — 

14. Rel. Depriv.  .05    .05 .01   .07   .08   .02   .08   .00   .00   .02 .07 .05 -.26*** 

* p < .05**, p < .01, *** p < .001 
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5.6.2 Results of the structural equation models analyses 

The structural models were analysed by mirroring (as close as possible) the factor 

structure tested in the Monte Carlo simulation power analyses to ensure the reliability of 

the results. This means that each support and threat toward social identity motives 

model was analysed separately and for each outcome variable. Model fit indices for all 

CFAs were sufficiently good (see Table 1E in the Appendix E). Parameter estimates of 

all the confirmatory models were good (see Table 2E-13E in the Appendix E). Fit 

indices of the SEM models 1-6 were adequate as well (see Table 21 below). The R2 of 

the outcome variables are reported in Table 22. 

 

Table 21 

Model fit indices of the SEM models (Models 1-6). 

 df χ2 
RMSEA 

CI Low. 
RMSEA 

RMSEA 

CI Upp. 
SRMR CFI TLI 

M1 287 759.434 .054 .059 .064 .052 .932 .923 

M2 287 727.152 .052 .057 .063 .048 .943 .935 

M3 287 724.860 .053 .058 .063 .050 .938 .930 

M4 178 425.575 .048 .054 .061 .046 .950 .941 

M5 178 400.348 .046 .052 .059 .039 .961 .954 

M6 178 405.384 .047 .054 .061 .046 .956 .948 

Note. All p-values of the χ2 values were < .001. M = Model; Low = Lower; Upp. = Upper 

 

Table 22 

R2 of the outcome variables (Model 1-12). 

 
Coll. 

Actions Aga. 

R2 

Intention to 

Protest 

R2 

Social 

Acceptance 

R2 

Coll. Actions 

in Favour 

R2 

Continuity .462 (Mod 1) .243 (Mod 4) .734 (Mod 7) .326 (Mod 10) 

Self-esteem .498 (Mod 2) .272 (Mod 5) .733 (Mod 8) .330 (Mod 11) 

Distinctiveness .485 (Mod 3) .269 (Mod 6) .693 (Mod 9) .249 (Mod 12) 
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Results of the H2 paths in the intention to act against and the intention to protest 

Overall, both H2a and H2b were supported. Each interaction term between support 

toward social identity motives and risk perception on both the intention to act against 

and the specific intention to protest was significant and in the expected direction (see 

Table 23). This means that the effect of risk perception on these outcome variables was 

weaker as levels of perceived support toward social identity motives increased. 

Therefore, all three types of support toward social identity motives (i.e., continuity, self-

esteem, and distinctiveness) showed this interaction effect. However, the magnitude of 

the coefficient interactions was mostly weak.  
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Table 23 

Results of the structural equation models (Models 1-6). 

Endogenous Var. Exogenous Var.     

Model 1  β CI L. CI U. p 

Coll. Actions Against Perceived Risks .504 .390 .618 < .001 

Coll. Actions Against Threat - Continuity Motives .140 .006 .275 .041 

Coll. Actions Against Support - Continuity Motives -.027 -.108 .054 .509 

Coll. Actions Against Interaction - Support X Risks -.136 -.217 -.055 .001 

Coll. Actions Against Perm. of Group Bound. -.055 -.130 .021 .157 

Perm. of Group Bound. Threat - Continuity Motives -.033 -.141 .076 .557 

Model 2  β CI L. CI U. p 

Coll. Actions Against Perceived Risks .409 .282 .536 < .001 

Coll. Actions Against Threat - Self-esteem Motives .282 .111 .453 .001 

Coll. Actions Against Support - Self-esteem Motives .034 -.076 .144 .541 

Coll. Actions Against Interaction - Support X Risks -.157 -.249 -.065 .001 

Coll. Actions Against Perm. of Group Bound. -.055 -.128 .017 .136 

Perm. of Group Bound. Threat - Self-esteem Motives -.045 -.147 .056 .380 

Model 3  β CI L. CI U. p 

Coll. Actions Against Perceived Risks .480 .371 .589 < .001 

Coll. Actions Against Threat - Distinc. Motives .170 .042 .298 .009 

Coll. Actions Against Support - Distinc. Motives -.076 -.158 .005 .066 

Coll. Actions Against Interaction - Support X Risks -.146 -.232 -.059 .001 

Coll. Actions Against Perm. of Group Bound. -.039 -.115 .037 .314 

Perm. of Group Bound. Threat - Distinc. Motives -.136 -.237 -.034 .009 

Model 4  β CI L. CI U. p 

Intention to Protest Perceived Risks .394 .256 .533 < .001 

Intention to Protest Threat - Continuity Motives .057 -.095 .209 .461 

Intention to Protest Support - Continuity Motives .035 -.055 .126 .446 

Intention to Protest Interaction - Support X Risks -.120 -.238 -.002 .046 

Intention to Protest Perm. of Group Bound. -.110 -.195 -.024 .012 

Perm. of Group Bound. Threat - Continuity Motives -.033 -.141 .076 .556 

Model 5  β CI L. CI U. p 

Intention to Protest Perceived Risks .292 .140 .445 < .001 

Intention to Protest Threat - Self-esteem Motives .234 .026 .442 .028 

Intention to Protest Support - Self-esteem Motives .091 -.036 .218 .160 

Intention to Protest Interaction - Support X Risks -.136 -.273 .001 .050 

Intention to Protest Perm. of Group Bound. -.112 -.195 -.029 .008 

Perm. of Group Bound. Threat - Self-esteem Motives -.045 -.146 .056 .381 

Model 6  β CI L. CI U. p 

Intention to Protest Perceived Risks .339 .214 .465 < .001 

Intention to Protest Threat - Distinc. Motives .101 -.053 .256 .199 

Intention to Protest Support - Distinc. Motives -.047 -.140 .046 .325 

Intention to Protest Interaction - Support X Risks -.153 -.275 -.032 .014 

Intention to Protest Perm. of Group Bound. -.103 -.188 -.019 .017 

Perm. of Group Bound. Threat - Distinc. Motives -.136 -.237 -.034 .009 

Note. In the SEM framework, the “endogenous” variables are the outcome variables; the “exogenous” 

variable are the independent variables (e.g., see Kline, 2015). Permeability of the group boundary is 

primarily an endogenous variable in the present study. This table should be read as follows: variable in 

the “Endogenous Var.” column is predicted by variable in the “Exogenous Var.” column.  
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Results of the latent simple slope analysis in the intention to act against and in the 

intention to protest 

A latent simple slope analysis of these models further showed that the effect of risk 

perception on intention to protest was also non-significant at high level of both self-

esteem and distinctiveness motives (see Table 24). 

 

Table 24 

Results of the latent simple slopes analysis (Model 1-6). 

Each raw represents the slope of the risk perception at three levels (- 1 SD, 0, +1 SD) of 

the identity motives on the outcome variables “Coll. Action Intent.” and “Intention to 

Protest”. 

 Latent Slopes 

 -1 SD (SE) 0 (SE) + 1 SD (SE) 

Coll. Action Intent.    

Mod 1 - Continuity .873***  (.112) .687***  (.097) .501*** (.114) 

Mod 2 - Self-est. .798***  (.140) .577***  (.104) .356**   (.108) 

Mod 3 - Distinct. .872*** (.117) .669***  (.095) .466*** (.114) 

Intention to Protest    

Mod 4 - Continuity .591***  (.106) .453*** (.088) .315**   (.120) 

Mod 5 - Self-est. .502***  (.140) .343*** (.094) .184.103 (.113) 

Mod 6 - Distinct. .576***  (.111) .397*** (.080) .218.051 (.111) 

* p < .05**, p < .01, *** p < .001. Note. The actual p-values of slopes with p > .05 is presented.  

 

In order to simplify the interpretation of the interaction effects, one of the interaction 

effects is also presented graphically (i.e., of self-esteem x risk perception; Figure 14). 
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Figure 14.  Interaction effect: self-esteem motive X risk perception. 

The black line indicates non-significant effect. This interaction controls for the effect of 

the other variables included in Model 5 (Table 23). 

 

Results of the H3 path in the intention to act against and the intention to protest 

These results concern the mediation path from permeability of group boundary to the 

outcome variables via threat toward group-level identity motives. 

 H3a was not supported when considering the overall intention to act against the 

energy technology. Therefore, the mediation effect of permeability of group boundary 

on the intention to act against was not significant (see Table 13). When considering the 

specific intention to protest, it seems that a weak mediation effect occurred only in the 

model that considered threat toward distinctiveness motives (Model 6, Table 13). 

However, the indirect effect was not significant (Monte Carlo CI = [0, .039]). Each 

indirect effect is presented in Table 1F, in the Appendix F. 

 H3b aimed at overcoming the possible difficulty of measuring perceived 

permeability of group boundary by testing the mediation using a measure of British 

identity identification instead of perceived permeability. Results of this path are not 

reported for conciseness –  they were non-significant. 
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Results of the direct associations between group-level identity motives and the intention 

to act against, and the intention to protest  

 More generally, the results showed that the observed magnitude of the risk 

perception coefficients was consistently significant across models, and stronger than the 

effect of the social identity motives. Nonetheless, it is important to note that the 

significance of threat toward identity motives remained stable for most models even 

after controlling for the effect of risk perception, which is one of the most important 

explanatory variables in the field of public opinion of large-scale controversial energy 

technology.  

 The direct effect of support toward identity motives on the outcome variables 

collective action intentions and intention to protest was significant (but with a low 

estimate) only when considering the continuity motives (Model 1, Table 13). 

 

Results of the H4 paths in the social acceptance and in the intention to act in favour  

 Since the current study employed novel measures, the pre-registration included 

the investigation of the same paths using two more outcome variables commonly used 

in similar research contexts: social acceptance and intention to act in favour. 

 These measurement models (i.e., CFAs; see Appendix E) and the structural 

models (see Table 25 below) showed good and sufficient fit to the data respectively. 

 

 

 

 

 

 

 



 198 

Table 25 

Model fit indices of the SEM models (Models 7-12). 

 df χ2 
RMSEA 

CI Low. 
RMSEA 

RMSEA 

CI Upp. 
SRMR CFI TLI 

M7 263 612.877 .047 .052 .058 .049 .950 .943 

M8 263 592.358 .046 .051 .057 .042 .959 .953 

M9 263 597.404 .047 .052 .058 .048 .954 .948 

M10 287 713.296 .050 .055 .060 .056 .935 .927 

M11 287 698.722 .049 .054 .059 .052 .946 .939 

M12 287 702.030 .050 .055 .060 .056 .941 .933 

Note. All p-values of the χ2 values were < .001. M = Model; Low = Lower; Upp. = Upper 

 

Results showed that support toward continuity motives weakened the negative effect of 

risk perception on social acceptance. That is, the more people perceived support of their 

continuity motives from the implementation of the geothermal energy, the less the 

perceived risks negatively affected the social acceptance of the technology (see Table 

26, Model 7). Latent simple slopes analysis showed that risk perception estimates 

significantly changed from -.908 (SE = .109, p = < .001) to -.302 (SE = .127, p = .017) 

at respectively + 1 SD and -1 SD levels of support toward continuity motives. 

 Differently, the effect of risk perception on social acceptance did not change 

depending on the level of perceived support toward self-esteem motives but changed 

weakly depending on the level of perceived support toward distinctiveness motives 

(Model 8 and 9).  

 The interaction effect on the intention to act in favour was not significant for all 

types of social identity motives (Model 10, 11 and 12). However, Model 10 and 11 (i.e., 

that respectively included continuity and self-esteem motives) showed that risk 

perception was not significant either. Instead, the effect of risk perception was 

significant in Model 12 (i.e., distinctiveness motives). 
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Results of the H3 path in the social acceptance and in intention to act in favour 

Consistently with Models 1-6, the mediation effect of permeability of group boundary, 

via threat toward each of the social identity motives, was not significant either on the 

outcome variables social acceptance and intention to act in favour (i.e., Models 7-12). 

Results of indirect effect are in Table 3F, Appendix F.  

 

Results of the direct associations between group-level identity motives and the social 

acceptance and the intention act in favour 

Model 7 showed that the observed effect of threat toward continuity motives on social 

acceptance was stronger than the effect of perceived risks. Moreover, Model 10 showed 

that the effect of risk perception on the intention to act in favour became non-

significant, while the effect of both support and threat toward continuity motives were 

significant and medium in magnitude.  

 The consistency of the effect of threat toward continuity motives indicates that 

the continuity motives might be particularly important in affecting the social acceptance 

and the intention to act in favour above the perceived risks. In fact, as explained above, 

continuity motive was also the only variable that significantly weakened the effect of 

risk perception on social acceptance (Model 7). 

 Regarding the direct effect of support toward social identity motives, it could be 

argued that each of these motives seems particularly important when considering social 

acceptance and intention to act in favour, often above the negative effect of risk 

perception (Model 8, 10, 11, and 12). 
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Table 26 

Results of the structural equation models (Models 7-12). 

Endogenous Var. Exogenous Var.     

Model 7  β CI L. CI U. p 

Social Acceptance Perceived Risks -.312 -.406 -.217 <.001 

Social Acceptance Threat - Continuity Motives -.405 -.508 -.302 <.001 

Social Acceptance Support - Continuity Motives .265 .201 .329 <.001 

Social Acceptance Interaction - Support X Risks .156 .090 .222 <.001 

Social Acceptance Perm. of Group Bound. .048 -.011 .106 .111 

Perm. of Group Bound. Threat - Continuity Motives -.032 -.140 .077 .567 

Model 8  β CI L. CI U. p 

Social Acceptance Perceived Risks -.315 -.410 -.219 <.001 

Social Acceptance Threat - Self-esteem Motives -.180 -.313 -.047 .008 

Social Acceptance Support - Self-esteem Motives .478 .382 .574 <.001 

Social Acceptance Interaction - Support X Risks .008 -.052 .068 .793 

Social Acceptance Perm. of Group Bound. .048 -.011 .108 .111 

Perm. of Group Bound. Threat - Self-esteem Motives -.046 -.147 .055 .373 

Model 9  β CI L. CI U. p 

Social Acceptance Perceived Risks -.481 -.560 -.403 <.001 

Social Acceptance Threat - Distinc. Motives -.106 -.199 -.012 .027 

Social Acceptance Support - Distinc. Motives .403 .336 .470 <.001 

Social Acceptance Interaction - Support X Risks .078 .008 .149 .028 

Social Acceptance Perm. of Group Bound. .046 -.015 .108 .137 

Perm. of Group Bound. Threat - Distinc. Motives -.136 -.237 -.034 .009 

Model 10  β CI L. CI U. p 

Coll. Actions in Favour Perceived Risks -.021 -.152 .110 .754 

Coll. Actions in Favour Threat - Continuity Motives -.358 -.497 -.218 <.001 

Coll. Actions in Favour Support - Continuity Motives .326 .232 .421 <.001 

Coll. Actions in Favour Interaction - Support X Risks -.013 -.094 .068 .757 

Coll. Actions in Favour Perm. of Group Bound. -.016 -.099 .067 .705 

Perm. of Group Bound. Threat - Continuity Motives -.032 -.141 .076 .560 

Model 11  β CI L. CI U. p 

Coll. Actions in Favour Perceived Risks -.064 -.192 .064 .328 

Coll. Actions in Favour Threat - Self-esteem Motives -.024 -.184 .137 .771 

Coll. Actions in Favour Support - Self-esteem Motives .548 .408 .688 <.001 

Coll. Actions in Favour Interaction - Support X Risks -.074 -.174 .026 .145 

Coll. Actions in Favour Perm. of Group Bound. -.020 -.106 .067 .654 

Perm. of Group Bound. Threat - Self-esteem Motives -.045 -.147 .056 .379 

Model 12  β CI L. CI U. p 

Coll. Actions in Favour Perceived Risks -.184 -.288 -.079 .001 

Coll. Actions in Favour Threat - Distinc. Motives -.077 -.192 .039 .192 

Coll. Actions in Favour Support - Distinc. Motives .354 .257 .450 <.001 

Coll. Actions in Favour Interaction - Support X Risks .012 -.078 .102 .796 

Coll. Actions in Favour Perm. of Group Bound. -.023 -.113 .066 .609 

Perm. of Group Bound. Threat - Distinc. Motives -.136 -.237 -.034 .009 

Note. In the SEM framework, the “endogenous” variables are the outcome variables; the “exogenous” 

variable are the independent variables (e.g., see Kline, 2015). Permeability of the group boundary is 

primarily an endogenous variable in the present study. This table should be read as follows: variables in 

the “Endogenous Var.” column are predicted by variables in the “Exogenous Var.” column.  
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Model testing including socio-demographics 

All models were also tested including three socio-demographic covariates: age, gender, 

and education. However, the variable education had 86 NA values due to participants 

preferring to not disclose such information. The pattern of relationships found in the 

models without covariates was mostly confirmed in the models which included 

covariates (with few exceptions made by the level of education). These exceptions 

concern Model 9, where, even if the level of education did not significantly predict the 

outcome variable social acceptance, it weakened the effect of threat toward 

distinctiveness motives which was found to be non-significant (p = .186). In Model 11, 

the effect of risk perception became significant but was weak (β = .14, CI [-.279, -.004], 

p = .044). Also in this model, the education level was not significantly associated with 

the outcome variable intention to act in favour. 

 

5.6.3 Model comparisons via direct matrix calculation of R2
Reduced 

Finally, I computed the ΔR2 in models that only included group-level identity motives 

and risk perception. Therefore, in this analysis the interaction effect and the 

permeability of the group boundaries were not estimated. The goal of this analysis was 

to clarify the magnitude of the association between group-level identity motives and the 

outcome variables. The method used is named “direct matrix calculation of R2
Reduced” 

which use the model-implied covariances obtained from the full model (Hayes, 2021). 

As pointed out by the author, this method overcomes the limitations of other methods to 

calculate ΔR2 such as dropping the measurement model or constraining some regression 

paths to zero. The new models showed sufficient fit to the data (see Table 2F, Appendix 

F).  

 For the specific way in which I have specified the syntax for the ΔR2 analysis, 

results should be interpreted as follows: the larger the ΔR2, the lower the importance of 
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the role of group-level identities motives in explaining the outcome variables (see Table 

27). 

 Results showed that the largest ΔR2 were found in models measuring the 

associations with the outcome variable collective action intention, although the ΔR2 of 

models that accounted for the effect of self-esteem motives was less pronounced (.074). 

Models that maintained an almost equal amount of explained variance were those 

measuring the associations with the outcome variable collective action in favour. Hayes 

(2021) classified ΔR2 effect size as small (.05), medium (.13), and large (.26). 

 

Table 27 

R2 differences across group-level identity motives and type of outcome variable.  

The intersection between each group-level identity motives type and each of the 

outcome variables represents separated models. 

 
(R2

Full) – (R2
Reduced-adj) 

(ΔR2
adj) 

Group-level 

identity motive  

Coll. Actions 

Against 

Intention to 

Protest 

Social 

Acceptance 

Coll. Actions 

in Favour 

Continuity 
(.476) – (.311) 

(.163) 

(.215) – (.120) 

(.091) 

(.711) – (.642) 

(.068) 

(.326) – (.324) 

(.001) 

Self-esteem 
(.509) – (.433) 

(.074) 

(.241) – (.208)   

(.030) 

(.732) – (.688) 

(.043) 

(.328) – (.322)   

(.002) 

Distinctiveness 
(.494) – (.323) 

(.168) 

(.230) – (.154)   

(.172) 

(.690) – (.536) 

(.153) 

(.255) – (.226) 

(.025) 

Note. R2
Full = R2 from both group-level identity motives and risk perception; R2

Reduced- adj = R2 without risk 

perception; ΔR2
adj 

 = R2
Full - R2

Reduced- adj;  adj = adjusted R2 values. 

 

Results of the competing role of the group-identity motives in one model across the four 

outcome variables 

As a last step, the effect of each support and threat of the group-level identity motives 

was tested together on the four outcome variables. The variables were preliminarily 

analysed via multiple regressions using aggregate measures to verify if the degree of 

correlation between the variables was problematic based on the Variance inflation factor 
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(VIF). Threshold of VIF < 5 was set. Results showed that VIFs values ranged from 1.79 

to 2.72. 

 This exploratory analysis clarified the importance of each group-level identity 

motives when accounting for the explanatory power of the other identity motives. Also 

in this case, each outcome variable was tested separately to ensure sufficient power of 

the estimates. 

 

Support and threat of group-level identity motives on collective intention to act against 

Results showed that model fit when considering the collective intention to act against as 

the outcome variable was sufficiently good (χ2
231 616.192, p < .001; SRMR = .054; 

RMSEA= .059, 90% CI [.053, .064]; CFI= .947; TLI= .936).  Collective intention to act 

against the geothermal energy technology was significantly associated only with threat 

toward self-esteem (β = .539 [.278, .807]; p = < .001). R2 of collective intention to act 

against was .401. 

 

Support and threat of group-level identity motives on the intention to protest 

Model fit of the model that included only the intention to protest against the geothermal 

technology was acceptable as well (χ2
132 315.249, p < .001; SRMR = .048; RMSEA= 

.054, 90% CI [.047, .062]; CFI= .965; TLI= .955). Also in this model, only threat 

toward self-esteem was significant (β = .462 [.154, .770]; p = .003). R2 of the intention 

to protest was .214. 

 

Support and threat of group-level identity motives on social acceptance 

Model that included the social acceptance as the outcome variable had good fit (χ2
209 

448.800, p < .001; SRMR = .047; RMSEA= .048, 90% CI [.042, .055]; CFI= .968; 

TLI= .961). In this model, within factors of the threat toward group-level identity 
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motives, both continuity (β = -.343 [-.494, -.193]; p = < .001) and self-esteem (β = -.335 

[-.518, -.151]; p = < .001) were significant. Within factors of support toward group-

level identity motives, only self-esteem was significantly associated with social 

acceptance (β = .334 [.150, .519]; p = < .001). R2 of the social acceptance was .731. 

 

Support and threat of group-level identity motives on collective intention to act in 

favour 

Finally, the model that tested the associations with collective action intentions to act in 

favour of the geothermal technology showed sufficient model fit (χ2
231 585.984, p < 

.001; SRMR = .056; RMSEA= .055, 90% CI [.049, .060]; CFI= .950; TLI= .941). 

Within factors of the threat toward group-level identity motives, only continuity was 

significant (β = -.325 [-.523, -.128]; p = < .001). Instead, within factors of the support 

toward group-level identity motives, both continuity (β = .185 [.043, .327]; p = .011) 

and self-esteem (β = .384 [.156, .612]; p = < .001) were significantly associated with the 

intention to act in favour. R2 of collective intention to act in favour was .372. 

 

5.6.4 The interaction effect of group-level relative deprivation 

As mentioned in the pre-registration, the role of perceived relative deprivation was also 

investigated. In particular, since hypothesis H3a was not supported, this part of the 

analysis explored the interactive effect between perceived relative deprivation and 

permeability of the group boundary in influencing the association between threat toward 

social identity motives and both collective actions and the intention to protest against 

the technology. In this sense, a three-way interaction was tested using aggregate 

measures. This analysis will only present the effect of self-esteem motives because this 

was the most relevant in the general social identity framework (e.g., Ellemers et al., 

1999). With additional analyses, I also tested the other two motives. Briefly, while the 
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distinctiveness motive showed the same pattern of results of the self-esteem motive, the 

interaction with the continuity motives was not significant.  

 In summary, I expected that threat toward social identity motives would strongly 

predict the intention to protest at a high level of perceived relative deprivation (+ 1 SD) 

and at a low level of perceived permeability of the group boundary (- 1 SD). Therefore, 

the more people perceived that their group was in a disadvantaged position and that 

their group permeability was low, the stronger the association between threat toward 

social identity motives and intention to act against would be. This would result in a 

stronger likelihood of collective strategy (i.e., intention to protest) when the feasibility 

of an individual identity management strategy, such as individual mobility, is not 

available because a person finds it difficult to shift to another still plausible social 

identity type (i.e., British identity) given that the perceived permeability of the group 

boundary is low (i.e., Scottish/Welsh identity) (see Ellemers, 1993). 

 To test the above interaction, the R Package Interaction was used (version 

1.1.5). A robust standard error estimator was used (“HC1”, see Long & Ervin, 2000). 

Consistently with the expectation, the three-way interaction was significant, although 

weak (-.068, p = 0.006).  

 Results of the slope analysis (Figure 15) showed that at high levels of perceived 

relative deprivation (mean + 1 SD = 5.85) and at low levels of perceived permeability of 

the group boundary (mean - 1 SD = 2.88), the effect of threat toward self-esteem 

motives on the intention to protest was stronger (B = .57, 97.5% CI [.41, .72], p = < 

.001) than at medium and high levels of perceived permeability of the group boundary. 

The estimates decreased at .38 (97.5% CI [.24, .51], p = < .001) and at .19 (97.5% CI 

[.00, .37], p = .05) at respectively the mean value (4.30) and mean + 1 SD value (5.71) 

of perceived permeability of the group boundary.  
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 At low levels of perceived relative deprivation (mean - 1 SD= 3.41), the estimate 

of threat toward self-esteem motives on the intention to protest changed little at 

different levels of perceived permeability of the group boundary (i.e., .37, .41, .46.). 

Finally, slopes at the mean level of perceived relative deprivation (4.63) for the values 

group permeability (i.e., mean -1 SD, mean, mean + 1 SD) were at .47, .40, and .32, 

respectively (p = < .001). Also, note that the interaction was neither significant when 

excluding the group-level relative deprivation nor when excluding the permeability of 

the group boundaries. 

 

 

Figure 15.  Interaction between perceived relative deprivation X permeability of the 

group boundaries X threat toward self-esteem motives. 

Notes. Observed values have been jittered using a 0.2 parameter to better visualise 

overlapping data points. 95% confidence intervals are also shown around regression 

lines. 

 

5.7 Discussion and conclusion 

The present study examined whether the extent to which individuals perceived the 

implementation of large-scale energy technologies as supportive and threatening for 

their country-level social identity impacted their individual level of social acceptance 



 207 

and collective action intentions toward the implementation of these technologies. 

Inspired by research on social identity theories (e.g., Tajfel & Turner, 1979) and identity 

processes and motives (Identity process Theory, Breakwell, 1986; Motivated Identity 

Construction Theory, Vignoles et al., 2006; Vignoles, 2011), the role of group-level 

support and threat toward continuity, self-esteem, and distinctiveness motives was 

investigated. To this scope, I generated and tested three first-order factors accounting 

for the threat toward group-level identity motive of continuity, self-esteem, and 

distinctiveness and three first-order factors accounting for the support toward group-

level identity motive of continuity, self-esteem, and distinctiveness. The measurement 

invariance of these novel constructs was supported across two groups (i.e., Scottish 

people and Welsh people) and across gender. Model fit of the factor structures were 

sufficiently good both as a six-factor structure and two second-order structure, in line 

with the recent development of identity motives in another research field (Breakwell et 

al., 2021).  

 Perceived support and threat were examined presenting participants with a 

scenario where the feasibility of the implementation of an Enhanced Geothermal 

System (i.e., deep geothermal energy) was being investigated in participants’ country of 

residence (i.e., Scotland and Wales) by experts in the field. Common to other 

underground sources, environmental and safety risks associated with deep geothermal 

energy are categorised as low-probability high-consequence (LPHC) events. These 

consequences concern the probability of induced-seismicity (Chen et al., 2020) which, 

in the worst scenario, could result in catastrophic damage and fatalities (Knoblauch et 

al., 2018). As a consequence, acceptability of deep geothermal energy is subject to 

controversies (e.g., Kunze & Hertel, 2017) and counterbalancing risks (by providing 

climate change related benefits arguments) does not seem to weaken the perceived risks 

(McComas et al., 2016).   
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 In a real-world context of a deep geothermal technology implementation in 

Cornwall (UK), the perceived risks did not seem to undermine the acceptance of the 

technology as the technology was perceived as supportive of group-level identity 

motives of continuity, self-esteem, and distinctiveness and generally consistent with 

their social norms (qualitative Study 1 of the present thesis). Furthermore, studies that 

looked at socio-cultural and identity aspects associated with public acceptance of energy 

technologies highlighted the importance of evaluating the extent to which energy 

technologies are suitable within communities’ identities and social-cultural contexts 

(e.g., Bell & York, 2010; Batel & Devine-Wright, 2007; Cha, 2020; Chavot et al., 2018; 

Devine-Wright, 2009). 

 In order to understand the association between group-level identity motives and 

the outcome variables social acceptance and collective action intentions (i.e., both 

against and in favour), other focal variables were included in the present study: risk 

perception, permeability of the group boundaries, and group-level relative deprivation. 

 

Group-level identity motives vs risk perception 

The variability explained by the risk perception was included by using latent variables 

via structural equation models. Controlling for the effect of risk perception allowed me 

to understand a more realistic role of the group-level identity motives on the outcome 

variables. In particular, I expected a weaker effect of risk perception on collective action 

intentions and on the specific intention to protest when motives of support were high 

(H2a and H2b). These hypotheses were supported, although the interaction effects were 

mostly weak. Since the implementation of the geothermal technology was presented as 

a possible scenario, and therefore participants were not actually experiencing the 

implementation of the geothermal technology in their country, future studies should 

verify if this effect replicates and if it is stronger in a real-world context.  
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 As for the novelty of the group-level identity motives measures, the interaction 

effect was also tested for other two outcome variables for exploratory purposes, as 

indicated in the pre-registration. The results showed that support toward continuity and 

distinctiveness motives moderated the effect of risk perception on social acceptance, 

while support toward self-esteem did not. However, the direct effect of self-esteem 

motives presented the largest observed coefficient magnitude, above the coefficient of 

risk perception. The interactions tested for the outcome variable intention to act in 

favour toward the geothermal technology were all non-significant. However, the effect 

of risk perception on the intention to act in favour was not significant either when 

controlling for support and threat toward both continuity and self-esteem, and its effect 

was weak in the model accounting for the distinctiveness motives.  

 When considering the outcome variable intention to protest against the 

geothermal technology, the threat toward continuity and distinctiveness group-level 

identity motives were not significant, while observed coefficients showed a similar 

effect of threat toward the self-esteem motive on the intention to protest compared to 

the coefficient involving risk perception. Conversely, the observed coefficient of 

support toward self-esteem motives was the strongest among models that included the 

intention to act in favour of the technology, presenting small confidence intervals.  

 These results are in line with social identity theories regarding the importance of 

self-definition enhancement in intergroup contexts (e.g., Oakes & Turner, 1980; Turner 

et al., 1979). Further, looking at the R-squared of each model, models that included self-

esteem motives generally explained a larger amount of variance compared to other 

models. Also, looking at bivariate correlations, both support and threat toward self-

esteem motives showed the largest correlation size among group-level identity motives 

on all the outcome variables. Finally, the CFI index of the models that included self-

identity motives was better compared to other models. Importantly, these differences 
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were not empirically tested. Therefore, these differences should be interpreted with 

caution and in a qualitative manner. 

 To clarify the direct role of group-level identity motives on the outcome 

variables, a series of ΔR2 were analysed within models that included only group-level 

identity motives and risk perception. This analysis showed that, among group-level 

identity motives, the ΔR2 of the self-esteem motives model was the smallest. That is, the 

explained variance of the self-esteem model was the largest.  

 

Competing role of group-level identity motives 

While it was not within the main aims of this study to understand how the group-level 

identity motives were differently associated with the outcome variables as well as in 

interaction with risk perception, results suggest that these differences are worthy of 

attention. Differently from Social identity theories (e.g., Tajfel & Turner, 1986), 

Identity process theories (e.g., Breakwell, 1986) put emphasis on the notion that no 

particular identity principle was more important than others. However, in the current 

applied research context, it seemed that self-esteem motives did have a more important 

role in explaining the outcome variables. Furthermore, even if in social identity theories, 

self-esteem and distinctiveness have been conceptualised as strongly inter-connected, 

with distinctiveness informing about self-esteem, the current study showed that these 

motives were differently associated with the outcome variables, even if they were 

strongly correlated to each other (r = .70, p = < .001) which is theoretically consistent. 

The plausibility of a bifactor S–1 model (Eid et al., 2017), where self-esteem motives 

act as a marker dimension, should be further investigated with a larger sample to 

confirm that the non-positive variance-covariance matrix was due to misspecifications 

and not to sample size limitations. 
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 To further clarify the different weight of the group-level identity motives, these 

were regressed all together on each of the outcome variables. These analyses confirmed 

that self-esteem motives, both support and threat, were the most important group-level 

identity motives because they were the only motives significantly associated with all the 

outcome variables. The effect of the distinctiveness motives did not contribute to the 

models significantly. This was probably due to self-esteem motives covariance with the 

outcome variables overlapping with the covariance of the distinctiveness motives. This 

is consistent with the degree of the discriminant validity among them, which was the 

weakest.  

 Even if not part of the main analysis, bivariate correlations were inspected also 

with Scottish and Welsh identities. Threat toward self-esteem motives was the only 

variables, among the group-level identity motives, that did not significantly correlate 

with the county-level social identity. This could represent an identity management 

strategy which would need further attention in future studies. However, the significant 

but weak correlations between the other group-level identity motives and the county-

level social identity could be attributed to the simple fact that all these variables were 

based on identity-related features. Therefore, these correlations should be interpreted 

with caution.  

  

Threat toward group-level identity motives and permeability of the group boundaries 

A second objective of the present study was to understand if at least one of the 

preconditions of subjective belief structures in the intention to act collectively was 

satisfied. It was hypothesised that the perceived permeability of the group boundaries 

would mediate the relationship between threat toward group-level identity motives and 

both collective action intentions and specific intention to protest. This hypothesis could 

not be supported. As mentioned in the pre-registration, also the role of the group-level 
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relative deprivation was planned to be included as a possible necessary condition for the 

permeability of the group boundaries to act as a moderator. Therefore, follow-up 

analyses examined the effect of permeability as a moderator rather than as mediator, 

and the role of group-level relative deprivation was included as a second moderator. 

Results showed that high and low levels of group-level relative deprivation 

significantly interacted with permeability of the group boundaries in affecting the slopes 

of threat toward group-level identity motives (i.e., in this case self-esteem motives) on 

the outcome variables intention to protest. That is, the more people (i.e., Scottish and 

Welsh) felt that they were in a disadvantaged conditions compared to a relevant 

outgroup (i.e., English people), and the more the group boundaries were perceived as 

impermeable the higher was the effect of threat toward self-esteem motives on the 

intention to protest. This result corroborates other research findings (e.g., Mummendey 

et al., 1999a; van Zomeren et al., 2012). Researchers interested in replicating this result 

are invited to include a third and fourth measure that account for perceived legitimacy 

of the group status and its perceived stability. More generally, future studies should 

better investigate how the subjective belief structures act as baselines that shape the way 

in which a large-scale energy technology is perceived as supportive or as a threat for 

group-level identity motives.  

 

Limitations and practical implications 

This study presents several limitations. First, the cross-sectional design of the study and 

the lack of participants’ involvement in a real-world context should be mentioned. 

Therefore, future studies should (i) investigate the present observed relations when 

participants are actually experiencing the implementation of a large-scale technology in 

their country and (ii) examine the stability and the evolution of the observed relations in 

different phases of the technology implementation. For example, if people perceive a 
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threat toward the continuity motives in the initial stage of the energy project 

implementation, would the technology still be perceived as a threat for their continuity 

motives months or years after the implementation? Furthermore, are the self-esteem 

motives only important at the very first stage of the energy technology implementation? 

Would the perceived support toward group-level self-esteem motives still mitigate the 

negative effect of risk perception on the intention to act against if people experienced a 

minor induced-seismicity event caused by the technology?  

 Second, given the limited sample size, an exploratory factor analysis (EFA) 

could not be carried out in a different sample but was conducted on the same Scottish 

sample. Splitting the sample in two, one for the EFA and one for the CFA/SEM, was 

not a feasible option because the Monte Carlo power simulation analysis clearly 

indicated that at least N = 500 were needed to reach reasonable power in the SEM 

analysis. Furthermore, focusing only on the EFA, rather than on the CFA/SEM, would 

have greatly limited the understanding of the novel constructs. Also, the primary utility 

of the EFA is to understand which factor a certain item belongs to, as well as exploring 

cross-loadings (e.g., DeVellis & Thorpe, 2021). Even if the items were new, the theory 

behind the factors structure is established and has also been confirmed recently in a 

different research context (Breakwell et al., 2021). Therefore, this study starts with prior 

assumptions within a confirmatory framework. The factor structure (CFA) was tested 

and confirmed across two different groups in a different time frame and the 

measurement invariance was confirmed across both population and gender. Moreover, 

results from the EFA analysis with all items included was presented for transparency, 

even if this analysis did not guide the final factor structure. Finally, the selected items 

were also inspected via EFA to examine cross-loadings. For this reason, the 

operationalisation of the new constructs was evaluated as reliable but it would benefit 

from further investigation to confirm this result. 
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 Another limitation concerns the weakness of some significant coefficient 

magnitudes, especially for the interaction effect. The Monte Carlo power simulation 

showed that regression coefficients of .10 did not reach sufficient power, regardless of 

loadings and sample sizes. The interaction coefficients mostly fell in a grey zone (i.e., 

about .15) which was not tested in the power simulation. Therefore, these results should 

be read with caution as these estimates could be biased.  

 While the role of the group-level identity motives was weighted by the role of 

risk perception, the important role of group efficacy beliefs in collective action intention 

was not included (e.g., van Zomeren et al., 2008). Future studies could investigate a 

possible mediation path that includes the perception that the ingroup is able to solve the 

ingroup-related problems (i.e., group efficacy beliefs, Bandura, 1995, 1997). The group 

efficacy beliefs might act as a mediator between perceived threat toward group-level 

identity motives and collective action intentions such as intention to protest.  

 Lastly, the present study did not test the interaction effect using the G factor 

“support toward group-level identity motives”. The factor structure of a second-order 

model was plausible; however, the measurement invariance was not tested across the 

two samples. Future studies should address this limit by testing the measurement 

invariance of the second-order factor (Chen et al., 2005; Byrne et al., 2006) to then 

compute the interaction via Bayesian method (Lee et al., 2007; 2012) which calculates 

the product terms between the latent factor scores. 

 Practical implications of the results suggest that stakeholders interested in the 

implementations of large-scale technologies with low-probability high-consequence 

events should carefully analyse the specific social-context and identity dynamic related 

to the technology implementation. In particular, the present study emphasizes that 

public acceptance and actions toward large-scale energy technologies with low-

probability high-consequence might not mainly depend only on risk perception, but that 
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the extent to which the technology is perceived as supportive and threatening for group-

level identity motives also matters. Crucially, support toward group-level identity 

motives was particularly important in explaining variability in the intention to act in 

favour of the technology, such as making a donation and attending a discussion 

meeting. While the majority of studies focused on passive behaviours such as 

acceptance of the technology and behaviours that aim to resolve a perceived problem, 

such as intention to act against controversial technologies (e.g., Batel, 2020), this study 

highlighted that people are willing to actively participating in energy technologies 

implementations as long as their identity motives are supported. 
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General Discussion 

 

 

Introduction 

In the present research work, I examined the role of social identity processes in the 

acceptance of and collective actions toward the renewable energy technology 

“Enhanced Geothermal System (EGS)” (geothermal energy technology) in the UK. 

The overarching question addressed in my research programme was: how does social 

identity perspective significantly contribute to our understanding people’s responses to 

controversial energy technology implementation? Considering social identity processes 

involves moving away from an individual-centric and risk perception perspective in the 

study of people’s acceptance of large-scale technology. In this research, I presented 

work which showed that both intra- and intergroup social identity processes matter and 

will need further attention in future research.  

Improving the energy system (i.e., using innovative clean energy technologies to 

shift from oil, natural gas and coal production) is necessary to achieve the ambitious UK 

government goal of substantially reducing greenhouse gas emissions by 2035. Using 

different types of renewable energies, along with innovative systems that store the 

energy produced, is also important to tackle energy security issues.  

Importantly, the deployment of new renewable energy technologies needs to 

consider public concerns and opposition at the local, regional, and national level 

(Boudet, 2019). The ultimate challenge is to understand how people could reach an 

intrinsic level of motivation to accept large-scale energy technologies in order to limit 

public opposition.  

Understanding public response toward these technologies is not only relevant for 

a utilitarian view which sees the understating of public opinion toward energy 

technologies as a means to avoid public opposition, but it also important to limit 
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adverse effects on public mental well-being from energy project implementation. For 

example, risk perception associated with living near a waste incineration has been 

shown to be associated with psychological distress (Lima, 2004). It has also been shown 

that technology implementation can trigger experience of injustice, which could then 

lead to negative emotional responses such as anger (e.g., Agostini & van Zomeren, 

2021). More generally, feeling forced or pressured to accept or to do something has 

detrimental effects on well-being (Deci & Ryan, 2008; Ryan & Deci, 2000; Thomas et 

al., 2017) and affect (Contzen et al., 2021). Therefore, understanding psychosocial 

drivers of public acceptance of energy technologies is important with regard to climate 

change issues as well as public well-being. 

 

Summary of research work 

The theoretical framework used to understand socio-psychological processes in the 

acceptance of the geothermal technology was consolidated through the first qualitative 

exploratory study which was carried out in a real context of geothermal technology 

implementation. The framework was based on social identity theories (e.g., Abrams & 

Hogg, 1988; Hogg, 2000; Tajfel & Turner, 1979) and research on identity processes and 

identity motives (Identity process Theory, Breakwell, 1986; Motivated Identity 

Construction Theory, Vignoles et al., 2006; Vignoles, 2011; Sani et al., 2007).  

Study 1 adopted a qualitative approach using focus groups, while the other studies were 

based on correlational designs which involved the use of structural equation modelling 

techniques. 

In particular, Study 1 identified two possible pathways worth of further 

attention. The first pathway highlighted the relevance of investigating environmental 

concerns, normative and collective efficacy beliefs in the acceptance of large-scale 

energy technologies. The second pathway highlighted the relevance of investigating 
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socio-psychological dimensions such as social identity perceived support and threat 

from the technology, perceived sense of volition and choice, fairness perception, and 

risk perception. Adopting an abductive approach (e.g., Reichertz, 2019), this study went 

beyond the simple illustration of preselected social theories (Blaikie, 2010). In this 

sense, the extracts were interpreted using an interplay between theory and data, 

involving both inductive and deductive reasoning.  

The relationships between variables identified in the first pathway are 

meaningfully explained in the SIMPEA model (Fritsche et al., 2018). However, when 

this research project started, no studies had tested this model. To my knowledge no 

study has investigated one of the main paths proposed in the SIMPEA model yet, from 

appraisal of the environmental crisis to collective actions or proxy variables such as 

intentions. The second study investigated an adaptation of this path in the context of the 

social acceptance of deep geothermal energy. Results showed that appraising the 

environmental consequences of the energy system as urgent to solve was important for 

the development of group-based positive and negative feelings toward the 

implementation of the geothermal technology. The group-based positive emotions, in 

turn, positively predicted normative and collective efficacy beliefs. Normative and 

efficacy beliefs were both significantly associated with social acceptance when tested 

separately. However, the efficacy beliefs were no longer important in the explanation of 

social acceptance when social descriptive norms were included in the model. The role 

of social identity was explained as a predictor, and not as a moderator. This is in line 

with studies highlighting the different role of social identity on pro-environmental 

behaviours depending on the type of pro-environmental behaviour considered (Masson 

& Fritsche, 2014). The results of this study were also interpreted in light of Masson et 

al.’s (2016) study results, as explained in the next section.  
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Study 3 of this research programme aimed to clarify another important result 

that emerged from the first qualitative study. This concerned the role of procedural 

fairness when taking into account perceived identity-related outcomes associated with 

the geothermal energy technology. The identity-related outcomes were captured using 

the construct of social identity violation (Mayer et al., 2009). Results showed that 

procedural fairness was important especially when people perceived mild levels of 

identity violation. Moreover, the importance of procedural fairness was also examined 

in association with the primary basic psychological need of autonomy (Ryan & Deci, 

2000) which in turn, was associated with self-determined motivations. Both autonomy 

need and self-determined motivations were measured as group-level beliefs, based on 

the novel adaptation of the self-determination theory into the group context discussed 

by Thomas et al. (2017). Group-level autonomy was analysed as a predictor of both 

procedural fairness and collective self-determined motivations. These were significantly 

positively associated with social acceptance.  

Finally, Study 4 examined the role of primary identity processes when 

controlling for risk perception; in addition, I explored mediation and moderation paths 

which accounted for the perceived subject beliefs of the social structure. Main results 

showed that the implementation of risky energy technologies would find an ideal 

ground if the technology is perceived as consistent with the general historical past of the 

groups and if the technology is seen as an opportunity to enhance the ingroup status 

position and to distinguish the ingroup from other groups. Differently from Social 

identity theories (e.g., Tajfel & Turner, 1986), Identity process theories (e.g., Breakwell, 

1986) put emphasis on the notion that no particular identity principle is better or more 

important than others. However, self-esteem motives did have a more important role for 

the outcome variables. Lastly, results showed that the association between threat toward 
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self-esteem and intention to protest was stronger at high levels of perceived group-

relative deprivation and low levels of perceived permeability of the group boundaries. 

The next section will focus on the consistency of the social identity implications 

found across four studies.  

 

Social identity implications of energy technology implementations 

Through testing different models, I found that social identity implications associated 

with technology developments should not be ignored in the context of social acceptance 

of energy technologies. These implications were direct drivers of social acceptance 

(Study 1, Study 3, Study 4) and collective actions (Study 4). Differently, the identity 

implications in Study 2 were the results of a theoretically-relevant interpretative process 

based on the direct relationships between ingroup identification and both descriptive 

norms and collective efficacy, as well as on the indirect effects of ingroup identification 

on social acceptance via descriptive norms and collective efficacy.  

In Study 1, these implications were clearly stated by participants involved in the 

focus groups. Specifically, in Study 1 participants interpreted the geothermal project as 

consistent with community members’ identities, maintaining the historical continuity 

with the past. The general geothermal project was also described as a matter of pride for 

Cornwall, and a project with characteristics that allowed Cornwall to stand out from the 

rest of England. 

In Study 2, descriptive norms and collective efficacy increased as a function of 

ingroup identification. These mediations, based on cross-sectional data, might indicate 

that people were motivated to evaluate ingroup norms and efficacy beliefs (i.e., whether 

their group accepted the technology and beliefs on what their group was able to achieve 

in terms of renewables) in a way that supported their ideal group prototypes. Based on 

Masson and et al. (2016), the mediation path could be explained considering the need 
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for self-esteem, which motivates members to see their ingroup in a positive light as a 

result of an identity management strategy. In this sense, accepting the geothermal 

energy technology was seen as a positive attribute for the ingroup, which might have led 

to biased ingroup descriptive norms and efficacy beliefs. 

In Study 3, the identity implications were inferred by the relationship between 

social identity violation and social acceptance but they also appeared relevant in light of 

the relation between procedural fairness and social acceptance at different levels of 

social identity violation. Firstly, among other predictions, social identity violation was 

the strongest predictor in terms of coefficient magnitude. Secondly, a follow-up analysis 

supported the interpretation that the weak relationship between procedural fairness and 

social acceptance might have been due to the actual support toward people’s social 

identity from the technology implementation: since procedural fairness gives people 

information about their value as group members and of their group status (Leung et al., 

2007; Tyler et al., 1996), when the outcome of a decision positively supports the group 

status, the perceived fairness related to decision-making is less important in affirming 

that the group to which they belong is valuable. 

 In Study 4, positive and negative identity implications from a geothermal energy 

technology were directly captured by proposing new measures accounting for these 

implications adapted to the specific context of energy technology implementation. 

These measures were inspired by the first study and social identity theories (Tajfel & 

Turner, 1979). Main results showed that when investigating the explained variance of 

group-level identity motives of self-esteem, distinctiveness, continuity and risk 

perception, the identity motives accounted for almost all variance explained in the 

intention to act in favour of the geothermal technology. Moreover, when comparing the 

explained variance between group-level identity motives, self-esteem motives were the 

most important for the outcome variables collective action intentions, intention to 
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protest and social acceptance, and equally important as the continuity motives for the 

intention to act in favour. Importantly, all measures of support toward group-level 

identity motives weakened the negative effect of risk perception on the outcome 

variable (collective action intentions to act against) and in the specific intention to 

protest against the technology. 

 

Methodological and statistical considerations: strengths and limitations 

All quantitative studies of the present research work were pre-registered on a trusted 

repository (OSF). This research programme thus followed the Transparency and 

Openness Promotion (TOP) Guidelines (Nosek et al., 2015). The preregistrations 

ensured the distinction between confirmatory and exploratory analyses. Each change to 

the pre-registration has also been summarised in the Appendix D. Moreover, all data 

and R scripts were made available. 

The fourth study was the one that mostly changed compared to the pre-

registration. Although this study has considered a complex modelling structure, it has 

provided an in-depth view into how different support and threat toward group-level 

identity motives might interact in real-world contexts of controversial energy 

technology implementations. The strength of considering multivariate relations lies in 

its potential for guiding future hypotheses and correlational/experimental investigations 

of the phenomena considered here. 

Another important aspect to discuss is related to the statistical power of the 

correlational studies. Each of the studies provided justifiable power considerations. The 

power to detect the estimates in Study 2 and Study 3 was based on both rule of thumbs 

and population RMSEA (MacCallum et al., 1996). However, these methods are not 

without limitations as each model is unique. Power evaluations based on population 

RMSEA do not take into account what happens to the model when considering, for 
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example, the specific item loadings or magnitude of the regression coefficients. For this 

reason, Study 4 used a more statistically advanced procedure to evaluate the power of 

each latent regression, namely a Monte Carlo simulation. However, the structure of the 

model that was actually tested slightly changed from the previously simulated model so 

limitations concerning this point were also discussed.  

In terms of limitations of Study 1, it is important to mention that this study 

examined people’s opinions only during the first stages of the energy technology 

implementation. Therefore, feelings of excitement that emerged during the group 

discussions might be related to the novelty of the project implementation (Huijts, 2018) 

rather than to the project itself. Future studies should examine changes of energy 

projects’ appraisal across different phases of energy technology implementation. 

Importantly, the novelty associated with the geothermal project does not mean that 

social category salience was led by the novelty feature of the technology per se (Oakes, 

1994; Oakes & Turner, 1986). Rather, the ‘fit X accessibility’ hypothesis, i.e., the 

metacontrast principle, determined its salience based on the stimulus context as a whole 

(Oakes & Turner, 1990). More generally, qualitative data is subject to interpretation and 

I cannot exclude the possibility that my educational background influenced how I 

interpreted what people said. Importantly, the results were discussed and revised by 

experts in geology with little knowledge of sociopsychology processes giving thus more 

pragmatic evaluations of the discussed results. As with most qualitative research, this 

study’s findings are not generalizable to other energy technology implementation 

contexts. Having said that, generalizability is a controversial topic in qualitative 

research anyway since criteria from a positivist paradigm might not be appropriate 

within interpretivist approaches (Carminati, 2018). 

The three correlational studies have some common limitations. First, some 

variables had skewed distributions. To address nonnormality problems, a robust 
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standard estimator was used. In addition, Monte Carlo and bootstrapping confidence 

intervals were included to confirm the stability of the indirect effects.  

Second, most of participants were recruited from online crowdsourcing 

platforms, such as Cint and Prolific, and from social media. Therefore, participants did 

not constitute representative samples of county and national populations. In general, all 

quantitative studies of the present research work would benefit from future studies 

replicating the correlational design, possibly in real-world contexts of risky and less 

risky energy technology implementation. Accordingly, the results must be taken with 

caution and considered as a starting point for future research. Furthermore, the cross-

sectional character of the data limits the possibility of causal inferences. 

For what specifically concerns Study 2, further studies might test the 

discriminant validity between collective efficacy and measures concerning trust toward 

ingroup relevant authorities. Moreover, the positive and negative emotions shared an 

important amount of residuals. Future studies should attempt to measures positive and 

negative emotions using a different response scale to avoid correlated residuals, or by 

including a filler task between the two measures.  

In Study 3, the interpretation of the moderating role of social identity violation 

was limited to its range values due to its skewness. Future studies should replicate these 

results by using measures developed in Study 4 of support and threat toward group-

level identity motives. In Study 4, it was not possible to test this effect because 

participants were not involved in a real-world context of energy technology 

implementation. Therefore, information about fair procedures was not available since 

participants did not actually experienced technology implementation. 

In Study 4, the generalizability of the study results was limited as it involved a 

hypothetical scenario. Therefore, future studies should (i) replicate the results when 

participants are experiencing the implementation of a large-scale technology in their 
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country and (ii) examine the stability and evolution of observed relations in different 

phases of technology implementation. Finally, even if the plausibility of the two 

second-order factors of support and threat toward group-level identity motives was 

supported, the measurement invariance across populations was only tested in the first-

order factors. Therefore, future studies should address this limit (Byrne et al., 2006; 

Chen et al., 2005).  

 

Conclusion 

In conclusion, this thesis highlights the importance of adopting a collective-level 

analysis that considers intra and intergroup dynamics in the acceptance and collective 

action toward large-scale energy technologies such as EGS. In this sense, the present 

research work expands the work of previous studies on the importance of adopting a 

collective-level analysis in environmental psychology field studies (e.g., Fielding & 

Hornsey, 2016; Fritsche et al., 2018; Hart, 2021; Jans, 2021; Mackay et al., 2021; 

Masson et al., 2016; Masson & Fritsche, 2021; Milfont et al., 2020; Rees & Bamberg, 

2014; Schulte et al., 2020). The take-home message is that how one defines oneself 

should not be ignored in the study of pro-environmental behaviour, and that defining 

oneself at a certain level of categorisation means defining oneself in relation to other 

categories (Turner, 1982), which also needs to be taken into consideration. Considering 

both which salient identity is leading in a certain context and how behavioural changes 

could be triggered according to both intra and intergroup identity processes is thus the 

goal behind studies that adopt a social identity approach in the field of pro-

environmental behaviour. The ultimate goal is to understand how people can behave in 

a way that limits greenhouse gas emissions which are causing climate change. The 

complexity of this problem required common shared pro-environmental goals across 

multiple levels of identities as well as intergroup dynamics that support these goals.   
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Appendices 

 

Appendix A –  Study 4 

 

Multi-group and CFAs power analyses 

Multi-group analyses only considered the two novel constructs of support and threat of 

identity motives. The multi-group confirmatory analysis sample size was based on the 

calculation of root mean square error of approximation (RMSEA). For the structural 

model, the sample size was based on Monte Carlo experiment simulations. The same 

participants were used for both the multi-group and the structural model. Given that the 

latter is a more complex model and would require a higher number of participants, the 

results of the Monte Carlo simulation led the sample size decision. Therefore, the 

sample size estimation for the multi-group model was only performed for thoroughness, 

as a further indication of the appropriate sample size for that specific analysis. 

 

Confirmatory factor analysis: population RMSEA (prior) 

In order to test the equivalence of the factor meanings across groups (i.e., measurement 

invariance), a multi-group confirmatory factor analysis (MGCFA) was planned. In this 

analysis, the two novel constructs of support and threat of identity motives were tested 

across the Welsh and Scottish samples. The required sample size for the multi-group 

confirmatory analysis was investigated using the population RMSEA approach 

(MacCallum et al., 1996). The population RMSEA analysis was performed with the R 

package semTools (Jorgensen et al., 2021). The following arguments were specified: 

rmsea0 = .05, rmseaA = .01, df = 53, power = 0.80, alpha = 0.5. Degrees of freedom 

were calculated assuming a scenario of two factors with six observed variables. The 

proposed sample size was 258 participants per group, one group of Scottish people and 

one group of Welsh people (N = 516) (Figure 1A). 
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Figure 1A. Plots power of RMSEA over a range of sample sizes 

 

Post-hoc power analysis: CFAs and model comparisons 

Since the pre-registered factor structures could not be accepted, as explained later, this 

section reports the results of the power analyses based on the actual factor structure 

used. This analyses only involve the CFAs models. The Monte Carlo simulation power 

analysis of the structural model was, instead, still reliable as the model tested is largely 

consistent with the model simulated. 

 These analyses were carried out using the function findRMSEApower (for single 

and multi-group CFAs), and the function findRMSEApowernested (for the model 

comparisons analysis) of the package semTools (version 0.5-5.912). Results indicated 

that all CFA models achieved power > .80.  Sufficient power was also achieved for the 

comparison between the second-order and the bifactor model, which is consistent with 

sample size recommendations of Chen et al. (2006).  

 

Further details of the population parameters for the Monte Carlo simulation 

power analysis 

 

The interaction effect was computed as the product term explained in the following 

equation: 

 

𝜂 =  𝛾1𝜉1 +  𝛾2𝜉2 +  𝛾3𝜉1𝜉2 +  𝜁 

 

where the endogenous latent variable 𝜂 is the result of the first order effects 𝛾1 

(exogenous/independent variable) and 𝛾2 (exogenous/moderator variable) and the 𝛾3 

being the interaction effect (the product term between 𝛾1 and 𝛾2). This means that six 

pairs of product indicators were added into the regression line as a new latent variable. 

This procedure follows double-mean centering (Lin et. al., 2010) and match-paired 
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approaches (Marsh, Wen, & Hau, 2004). Therefore, each mean of the indicators was 

centered, as well as the resulting product indicators. 

 

Appendix B – Study 4 

 

Items group-level identity motives 

The words Scottish and Scotland were Welsh and Wales when recruiting participants 

from Wales. See section 5.3.1. for information about the questions order. 

The final items used for the identity motives are in bold. 

 

Numerical indices 

 

DIS-R refers to Appendix C when commenting: 

Details of item selection – current study plan; 

Details of items selection results based on item correspondence with the construct, 

factor loadings and residual correlations. 

 

EFA-A refers to Appendix C when commenting: 

Results of exploratory factor analysis: all items;  

Figure 1C. 

 

EFA-R refers to section 5.5.4 when commenting: 

Figure 13. “EFA with items of the final factors structure”. 

 

 

Table 1B/a. Group-level identity motives (SUPPORT – CONTINUITY) 

DIS-R EFA-A EFA-R  

1 1  
I can see how the geothermal technology is congruent 

with Scotland’s previous energy industries 

2 2 1 
I think that the geothermal technology may 

contribute to preserve Scotland’s traditions 

3 3 2 

I perceive a sense of continuity between the past 

energy technologies in Scotland and the future 

prospect use of geothermal energy technology in 

Scotland 

4 4 3 

Despite societal changes, the geothermal energy 

technology may help to preserve the Scottish culture 

and identity over time 

5 5  

When thinking about previous traditional energy 

sources, I consider the implementation of geothermal 

technology a consistent evolution of the energy systems 

in Scotland 
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Table 1B/b. Group-level identity motives (SUPPORT – DISTINCTIVNESS) 

DIS-R EFA-A EFA-R  

1 6  
Geothermal technology would be something unique for 

Scotland 

2 7 4 
Geothermal technology would be one more thing to 

put Scotland on the map 

3 8 5 
Geothermal technology would make my country 

(Scotland) positively different from others 

4 9 6 
Geothermal technology would make Scotland stand 

out from the rest of the UK 

5 10  
Geothermal technology would enhance the 

distinctiveness of Scotland 

 

Table 1B/c. Group-level identity motives (SUPPORT – SELF-ESTEEM) 

DIS-R EFA-A EFA-R  

1 11 7 
I think people in Scotland would be proud of the 

development of geothermal technology 

2 12  

I think that the geothermal technology in Scotland 

could be an example of novelty and progress in the 

energy field to other countries 

3 13 8 
Using the geothermal technology would make 

Scotland feel closer to my ideal country 

4 14 9 

In general, I think people from elsewhere would 

think positively about the implementation of the 

geothermal technology in Scotland 

5 15  

Talking about the geothermal technology can be among 

the interesting things to tell about Scotland when 

speaking with people living elsewhere 

 

Table 1B/d. Group-level identity motives (THREAT – CONTINUITY) 

DIS-R EFA-A EFA-R  

1 16 10 
The geothermal technology does NOT fit with the 

historical past of Scotland 

2 17  
I am NOT comfortable with the idea of implementing 

additional energy technologies in Scotland  

3 18 11 

I don’t see why we should implement the 

geothermal technology while we could keep using 

the ones we have been using so far 

4 19 12 
Hosting geothermal technology in Scotland prevents 

me from looking positively into Scotland's future* 

5 20  

Instead of implementing the geothermal technology, 

people should work on the improvement of the 

current energy technologies that we already have in 

Scotland 
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Table 1B/e. Group-level identity motives (THREAT – DISTINCTIVNESS) 

DIS-R EFA-A EFA-R  

1 21  
The implementation of geothermal energy would make 

us (Scottish people) less distinct from the rest of UK 

2 22 13 
The implementation of the geothermal technology 

would make Scotland less unique 

3 23  
Some of the unique features of Scotland may be 

undermined by the geothermal technology 

4 24  
Other types of energy technology may be better in 

representing Scotland than the geothermal technology 

5 25 14 

I believe that the implementation of geothermal 

technology in Scotland would create undesirable 

similarities between Scotland and the rest of the UK 

6 26 15 

I think that the geothermal technology would 

undermine some aspects that differentiate Scotland 

from the rest of the UK 

 

Table 1B/f. Group-level identity motives (THREAT – SELF-ESTEEM) 

DIS-R EFA-A EFA-R  

1 27 16 
The geothermal technology may devalue some 

aspects of my country (Scotland) 

2 28  

The implementation of the geothermal technology in 

Scotland may put Scottish people in a disadvantage 

position compared to those living elsewhere in the UK 

3 29 17 
I think the geothermal technology may undermine 

the image of Scotland 

4 30 18 

I may be embarrassed, and in some way ashamed, 

by telling people living elsewhere that Scotland 

hosts the geothermal technology 

5 31  

Regarding the global transition toward renewable 

energy technology, Scotland would not be doing better 

than others if the geothermal technology would be 

implemented 

 

 

Appendix C – Study 4 

 

Item development and factor structures 

Pilot study 

 A small pilot study was carried out to ensure participants’ understanding of the 

items. In this phase, 40 participants from Scotland were recruited within Prolific. 

Participants were presented with items concerning the new constructs. Apart from 

measuring their level of agreement as in the actual survey, they were also asked, in an 

open question, to indicate if the items were clear and easy to understand and to indicate 

whether they faced any problems when completing the survey. For what concerns the 
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open questions, these participants mainly indicated items about threat toward self-

esteem to be hard to understand. Consistently, the correlation matrix showed that items 

within this factor weakly correlated with each other. Problematic items were then 

improved, reformulated, and a further sample of 20 participants was recruited. This set 

of items were judged as easy to understand and the bivariate correlations confirmed a 

good base for further testing.  

 

Details of items selection – pre-registered study plan  

Items within each factor were focused on a specific aspect from which support and 

threat of each identity motive could emerge in the context of energy technology 

implementation. For example, Item 1 of the factor support toward continuity motives 

focused on the consistency between the novel geothermal technology and past energy 

industries, while Item 2 of the same factor put more emphasis on the positive role of the 

geothermal technology in preserving group traditions. In this sense, both aspects 

reflected the construct of continuity but the specific meaning of each item was different. 

The goal was to offer a parsimonious six-item observed measure for each of the new 

latent constructs (support and threat toward identity motives). To address this goal, the 

pre-registration indicated two first-order factors composed by two items of each sub-

dimension of group-level continuity, self-esteem, and distinctiveness motive. Therefore, 

support toward identity motives should have included two items from the continuity 

motive, two items from the self-esteem motive, and two items from the distinctiveness 

motive. The same procedure was planned for threat toward identity motives. In fact, in a 

different research context (Bagci et al., 2020), it has been shown that items of social 

identity need of esteem, meaning, belonging, continuity, and efficacy loaded well on a 

single first-order factor.  

 The pre-registered plan could not be implemented based on CFA model fit 

indices. All possible combinations were tested for thoroughness; however, the present 

results did not replicate the one-factor structure of Bagci’s study. This was probably due 

to the different research context and different items used.  

 Only recently, after the present pre-registration was submitted, Breakwell et al. 

(2021) validated the “Identity Resilience Index”, a second-order construct formed by 

four first-order identity dimensions (self-esteem, self-efficacy, continuity, and 

distinctiveness). Identity resilience was defined as reflecting “the individual’s capacity 

to maintain a stable sense of identity in the face of change” (p. 2). The conceptualisation 

of the current study of identity motives is certainly different as I refer to a specific 
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applied context. However, Breakwell’s study underscores the importance of examining 

different factors structures more thoroughly when investigating different identity 

motives. 

 

Details of item selection – current study plan 

An iterative approach was used to reduce the number of items per factor. Based on 

Breakwell’s identity motive factor structures, the goal was to retain three items per 

factor to pursue both parsimony and to avoid empirical under-identification (Kline, 

2015). Approaches to item selection can be divided into macro-categories: homogeneity 

optimisation and content optimisation. A content optimisation was the preferred choice 

as bivariate correlations suggested a good base for homogeneity of items within each 

factor, actually supporting some degree of redundancy between some pairs of items (see 

Bandalos, 2021; Boyle 1991). To do this, a multivariate approach was adopted: items 

were evaluated not only in relation to their own factor, but also to all the other factors. 

The iterative approach was applied to the Scottish sample. Once the factor structures 

were finalised, the same factor structures were tested again in the Welsh sample.  

 Some key items had a high correspondence with the construct meaning. For 

other items, there was no theoretical reason to prefer one item over the other within the 

same factor, therefore a data-driven approach was used. Key items were Items 3 and 4 

for support toward continuity motives. Items 3 and 4 were equally important for the 

support toward distinctness motives, Item 1 for support toward self-esteem motives, 

Item 1 for threat toward continuity motives, Item 2 and 5 for the threat toward 

distinctness motives, Item 1 and 4 for the threat toward self-esteem motives (see 

Appendix B, column DIS-R). 

 First, an exploratory factor analysis based on oblimin rotation was carried out 

using all items. Number of factors to extract was set to 6. 

 Second, a confirmatory factor analysis that included all items of the six factors 

was tested. This step aimed at the identification of the weakest items (based on the 

magnitude of loadings). When the weakest item showed the strongest theoretically 

correspondence but still achieving a sufficient loading (i.e., ≥ .5), the second weakest 

item was dropped.  

 Third, the new CFA model’s matrix of residual correlations was inspected (i.e., 

the standardised matrix of the differences between observed and predicted covariances). 

As mentioned before, the positive and negative identity motive factors can be 

conceptualised as a continuum where the two extremes represent high support and high 
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threat respectively. Therefore, the way in which items of these constructs were written, 

along with the same meaning associated with them, respectively with a positive and 

negative valence, may create a substantial ground for correlated residuals between items 

of these factors (e.g., Bandalos, 2021). For this reason, both residuals within item 

factors, and residuals between items of all factors were examined. Apart from carrying 

out the good practice to inspect the model local fit as suggested by many authors (e.g., 

Kline, 2015; Brown, 2015), this step aimed at reducing the number of items to reach a 

less complex model. Priority was given to the sum of the highest correlated residuals; if 

two items of the same factor showed a similar amount of total residuals, the item with 

the highest loadings between the two was chosen.  

 Fourth, results were further revised in light of convergent and discriminant 

validity, see below.  

 

Details of criteria for scale validity 

In terms of the discriminant validity (i.e., whether the six scales were empirically 

distinct), the empirical evidence was examined in light of the theory explaining the 

constructs of interest. Rather than relying on simple cut-off points (i.e., “yes” or “no”), I 

evaluated the extent to which novel constructs were empirically different from each 

other and how the difference was theoretically appropriated. I expected the novel 

constructs to be meaningfully associated to each other, as these represent different 

aspects of a two theoretically plausible second order constructs of threat and support 

toward social identity motives. At the same time, these constructs should still provide 

unique variance of their distinctive contribution. To do this, I followed Rönkkö and Cho 

(2022) who stressed the importance of shifting from a cut-off to a classification system 

in the assessment of discriminant validity. The authors pointed out that “A large 

correlation does not always mean a discriminant validity problem if one is expected 

based on theory or prior empirical observations” (p. 33). Based on Monte Carlo 

simulations, the authors compared two novel techniques named “CICFA (cut)” and “χ2 

(cut)” to a series of common discriminant validity techniques (e.g., based on the average 

variance extracted, omega indices, MTMM matrices, and HTMT ratio). Results of their 

simulation study demonstrated that the novel techniques outperformed the common 

techniques, and particularly highlighted the usefulness of the “CICFA (cut)” for practical 

purposes. This technique is based on the covariance/correlation matrix among factors 

tested in a classic confirmatory analysis model. According to the recommended 

classification system, the upper bound (UL) limit of the confidence interval of 
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covariance between each pair of factors should be interpreted as follows:  if UL < .8 no 

problem, if UL ranges from ≤ .8 to < .9 marginal problem; if UL ranges from ≤ .9 and 

<.1 moderate problem; if UL ≤ 1 severe problem. 

 

Details of items selection results 

Results of exploratory factor analysis: all items  

Results of the exploratory factor analysis showed that items of the support toward 

group-level identity motives loaded on the expected factors. Items of the threat toward 

group-level identity motives indicated not negligible cross-loadings (i.e., > .4), 

especially between the continuity and the self-esteem motives (see Figure 1C). 

Importantly, most of the key items loaded > .4 on their respective factor. 
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Figure 1C.  Preliminary exploratory factor analysis. All items are included. Note. For 

numerical indices of this graph, see Appendix B. Note 2. Loadings ≥ +/- .4 are 

numbered. 

 

Details of items selection results based on item correspondence with the construct, 

factor loadings and residual correlations. 

The confirmatory factor analysis including all items of the six factors was tested. The 

model fitted the data not sufficiently well (χ2
419 950.567, p < .001; SRMR = .070; 

RMSEA= .070, 90% CI [.064, .076]; CFI= .903; TLI= .892). The following items were 

dropped based on factor loadings and level of item correspondence with the construct 

meaning: Item 1 for the support toward continuity motives, Item 1 for the support 

toward distinctness motives, Item 5 for support toward self-esteem motives, Item 5 for 

threat toward continuity motives, Item 4 for the threat toward distinctness motives, and 

Item 5 for the threat toward self-esteem motives (see Appendix B). In sum, only one 

item was both a key item for the construct meaning and also had the weakest loading 

among the other items of the same factor (i.e., Item 1 of the threat toward continuity 

motives, loading = .665). This item was retained and the second weakest item was 

provisionally dropped (i.e., Item 5, loading = .713). The new resulting model was fitted 

and it showed a sufficient fit to the data (χ2
260 536.532, p < .001; SRMR = .056; 

RMSEA= .065, 90% CI [.057, .073]; CFI= .937; TLI= .927). 

 The last phase of item selection followed four criteria: minimising residual 

correlations, preserving key items, maintaining content and discriminant validity. These 

different goals were mostly in line with each other. In fact, 5/7 items were dropped 

based on the highest sum of correlated residuals, while also meeting the other criteria. 

The factor support toward distinctiveness motives presented a conflict between highest 

sum of residuals and key items that were required to be retained. Differences in the sum 

of residuals between key items and other items were minimal (i.e., .042 more in the key 

item 4) so Item 5 of this factor was dropped instead. Subsequent analyses showed that 

the discriminant validity of the threat toward continuity motives was substantially better 

when including again Item 5 of this factor and dropping Item 4 instead (Item 5 was 

initially dropped after factor loading inspection). In the final model, Item 5 of this factor 

was retained, and Item 4 was dropped. 
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Details of the results of the scale validity 

Results of the discriminant validity based on the CI upper limits of the covariance 

between the latent constructs suggested that 12/15 pairs of factors could be classified as 

“no problem” according to the previously discussed classification system (i.e., < .8). 

The upper bound correlation between support toward distinctiveness motives and self-

esteem motives was classified as “marginal problem” (r = .856). The upper bound 

correlation between threat toward continuity motives and self-esteem motives was 

classified as “marginal problem” (i.e., r = .868). Finally, the upper bound correlation 

between threat toward distinctiveness motives and self-esteem motives was classified as 

“moderate problem” (i.e., .907). This last upper bound correlation needs further 

consideration in light of the nested model comparison discussed in the thesis. The 

comparisons clearly indicated the superiority of a three-factor structure of the threat 

social identity motives over a one factor structure. Moreover, the model comparisons 

also indicated the plausibility of a second-order factor, which is consistent with the 

explanation of the less distinct structure among threat social identity motives factors. 

Therefore, discriminant validity was accepted as sufficiently appropriate. Consistently, 

Tay and Jebb (2018) claimed that “Constructs are often assumed to be distinguished by 

their degree of orthogonality. However, two constructs may be part of a common 

continuum but inhabit different levels on it” (p. 377).   

 The construct validity was further examined by verifying the strength of the 

correlations between the novel latent variables and the more established construct of 

“social identity violation” (Mayer et al., 2009). To perform this analysis, the construct 

social identity violation was included in the CFA model. Results showed a good and 

significant strength (p < .001) between social identity violation and threat toward 

continuity motives (r = .72), threat toward distinctiveness motives (r = .82), and threat 

toward self-esteem motives (r = .84). The correlations between social identity violation 

and support toward continuity motives (r = -.20), distinctiveness motives (r = -.38), and 

self-esteem motives (r = -.57) were less strong but significant as well (p < .001). 

However, these weaker associations are may be due to the opposite valence associated 

with these constructs, rather than a different underlying construct meaning. In fact, 

latent correlations between each factor of threat and support toward identity motives 

showed similar strength-level correlations, ranging from -.16 to -.65. Therefore, 

construct validity was supported. 
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Appendix D – Study 4 

 

Results of the measurement invariance across gender 

Since indicators used to measure the novel latent constructs had the same meaning 

across the two populations investigated, invariance was also tested for gender, i.e. those 

who identified as “Female” or “Male”. Non-binary gender or “prefer to not declare” 

subgroups were excluded from this analysis due to limited number of observations (N = 

4). The two samples, Scottish and Welsh, were merged and the gender equivalence was 

tested.  

 Following the same procedure as for the measurement invariance across 

populations, a series of nested models were compared across gender. The multigroup 

configural model fit well (χ2
240 380.786, p < .001; SRMR = .045; RMSEA= .050, 90% 

CI [.040, .059]; CFI= .974; TLI= .967). 

 Results of the invariance test indicated that the chi-square difference between all 

levels of invariance was not significant (see Tables 1D, 2D, and 3D). Therefore, 

measurement invariance was also supported across gender. 

 

Table 1D. Nested model comparison – Robust (MLR) Chi-Squared Difference Test 

MI level df AIC BIC χ2 Δ χ2 Δ df p value 

Configural 
240 31326 31932 482.23    

Weak 
252 31320 31873 499.65 121.219 12 .4359 

Strong 
264 31303 31804 507.52 77.052 12 .8077 

Residual 
282 31295 31717 535.29 147.851 18 .6767 

Note. Invariance across gender.  

 

Table 2D. Model fit indices – Robust estimator (MLR) 

 χ2 df p value RMSEA CFI 

Configural 380.786 240 < .001 .050 .974 

Weak 392.028 252 < .001 .049 .974 

Strong 401.824 264 < .001 .047 .975 

Residual 411.035 282 < .001 .045 .975 

 TLI SRMR AIC BIC  

Configural .967 .045 31.326.082 31.931.935  

Weak .968 .048 31.319.496 31.872.667  

Strong .970 .049 31.303.372 31.803.860  

Residual .973 .049 31.295.137 31.716.600  

Note. Invariance across gender.  
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Table 3D. Non-significant differences in fit indices 
 df RMSEA CFI TLI SRMR AIC BIC 

Weak - Config. 12 -.001 .000 .002 .004 -6.585 -59.268 

Strong - Weak 12 -.002 .001 .002 .000 -16.124 -68.807 

Resid. - Strong 18 -.002 .001 .003 .000 -8.235 -87.260 
Note. Invariance across gender. 

 

Appendix E – Study 4 

 

Table 1E. Fit indices of the CFA models. 

 df χ2 
RMSEA 

CI 

Lower 

RMSEA 
RMSEA 

CI 

Upper 
SRMR CFI TLI 

Model 1 284 754.402 .054 .059 .064 .050 .932 .922 

Model 2 284 723.617 .052 .058 .063 .047 .943 .935 

Model 3 284 718.668 .053 .058 .063 .047 .939 .930 

Model 4 175 420.556 .048 .055 .061 .045 .950 .940 

Model 5 175 396.654 .046 .053 .060 .037 .961 .953 

Model 6 175 399.199 .047 .054 .061 .042 .956 .948 

Model 7 260 607.836 .047 .053 .058 .048 .951 .943 

Model 8 260 588.866 .046 .051 .057 .041 .959 .952 

Model 9 260 591.280 .047 .053 .058 .045 .955 .948 

Model 10 284 708.215 .050 .055 .060 .055 .936 .926 

Model 11 284 695.380 .049 .054 .059 .051 .946 .938 

Model 12 284 695.930 .050 .055 .060 .054 .941 .933 

Note. All p-values corresponding to the χ2 were significant (< .001).  
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Table 2E. Parameter estimates of the confirmatory factor analysis of Model 1. 

Latent Factor Indicator B SE Z β 
      

Perc. Risks Risk_1 1.376 0.048 28.706 0.853 

Perc. Risks Risk_2 1.395 0.052 26.709 0.900 

Perc. Risks Risk_3 1.385 0.048 28.989 0.878 

Perc. Risks Risk_4 1.191 0.054 22.087 0.825 

Perc. Risks Risk_5 1.284 0.051 25.216 0.816 

Perc. Risks Risk_6 1.089 0.056 19.540 0.754 

Thr. - Cont. Mot. Thr.Con_1 0.885 0.074 11.879 0.587 

Thr. - Cont. Mot. Thr.Con_3 1.114 0.060 18.500 0.763 

Thr. - Cont. Mot. Thr.Con_5 1.178 0.058 20.460 0.800 

Sup. - Cont. Mot. Sup.Con_2 1.281 0.051 25.017 0.871 

Sup. - Cont. Mot. Sup.Con_3 0.859 0.062 13.898 0.620 

Sup. - Cont. Mot. Sup.Con_4 1.297 0.054 23.828 0.860 

Perm. of Gr. B. Perm_1 1.530 0.062 24.594 0.810 

Perm. of Gr. B. Perm_2 1.217 0.075 16.295 0.714 

Perm. of Gr. B. Perm_3 1.322 0.074 17.902 0.674 

Perm. of Gr. B. Perm_4 1.313 0.073 18.002 0.728 

Perm. of Gr. B. Perm_5 0.979 0.076 12.834 0.493 

Coll. Act. Ag. Coll.Ac_1 1.017 0.079 12.904 0.783 

Coll. Act. Ag. Coll.Ac_2 1.142 0.072 15.854 0.713 

Coll. Act. Ag. Coll.Ac_3 1.501 0.066 22.653 0.847 

Coll. Act. Ag. Coll.Ac_4 1.287 0.072 17.895 0.793 

Coll. Act. Ag. Coll.Ac_5 1.235 0.071 17.327 0.760 

Coll. Act. Ag. Coll.Ac_6 0.939 0.077 12.169 0.729 

Interac. term InterC_1 2.094 0.184 11.408 0.842 

Interac. term InterC_2 1.443 0.220 6.565 0.613 

Interac. term InterC_3 2.202 0.211 10.448 0.786 
B = non-standardized estimate; SE = standard error; Z= test statistic; β = standardized estimate. 

All p-values corresponding to the z-statistic were significant  < .001).  
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Table 3E. Parameter estimates of the confirmatory factor analysis of Model 2.  

Latent Factor Indicator B SE Z β 
      

Perc. Risks Risk_1 1.376 0.048 28.531 0.853 

Perc. Risks Risk_2 1.393 0.053 26.273 0.899 

Perc. Risks Risk_3 1.384 0.048 28.539 0.877 

Perc. Risks Risk_4 1.195 0.054 21.959 0.828 

Perc. Risks Risk_5 1.286 0.051 25.220 0.817 

Perc. Risks Risk_6 1.086 0.056 19.397 0.752 

Thr. - Est. Mot. Thr.Est_1 1.303 0.059 22.186 0.797 

Thr. - Est. Mot. Thr.Est_3 1.243 0.062 20.036 0.893 

Thr. - Est. Mot. Thr.Est_4 0.962 0.067 14.354 0.814 

Sup. - Est. Mot. Sup.Est_1 1.244 0.054 22.885 0.890 

Sup. - Est. Mot. Sup.Est_3 1.203 0.054 22.105 0.765 

Sup. - Est. Mot. Sup.Est_4 1.103 0.062 17.684 0.817 

Perm. of Gr. B. Perm_1 1.526 0.062 24.468 0.808 

Perm. of Gr. B. Perm_2 1.216 0.075 16.267 0.713 

Perm. of Gr. B. Perm_3 1.319 0.074 17.925 0.672 

Perm. of Gr. B. Perm_4 1.323 0.071 18.504 0.733 

Perm. of Gr. B. Perm_5 0.978 0.076 12.828 0.493 

Coll. Act. Ag. Coll.Ac_1 1.016 0.079 12.816 0.782 

Coll. Act. Ag. Coll.Ac_2 1.139 0.072 15.776 0.711 

Coll. Act. Ag. Coll.Ac_3 1.503 0.066 22.900 0.848 

Coll. Act. Ag. Coll.Ac_4 1.287 0.072 17.892 0.793 

Coll. Act. Ag. Coll.Ac_5 1.238 0.071 17.422 0.762 

Coll. Act. Ag. Coll.Ac_6 0.937 0.077 12.116 0.727 

Interac. term InterE_1 2.292 0.241 9.517 0.899 

Interac. term InterE_2 2.103 0.203 10.360 0.778 

Interac. term InterE_3 2.019 0.254 7.937 0.800 
B = non-standardized estimate; SE = standard error; Z= test statistic; β = standardized estimate. 

All p-values corresponding to the z-statistic were significant (< .001).  
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Table 4E. Parameter estimates of the confirmatory factor analysis of Model 3.  

Latent Factor Indicator B SE Z β 
      

Perc. Risks Risk_1 1.378 0.048 28.626 0.854 

Perc. Risks Risk_2 1.395 0.052 26.595 0.900 

Perc. Risks Risk_3 1.387 0.048 28.877 0.879 

Perc. Risks Risk_4 1.194 0.054 22.077 0.827 

Perc. Risks Risk_5 1.277 0.051 25.047 0.811 

Perc. Risks Risk_6 1.086 0.056 19.507 0.752 

Thr. - Dis. Mot. Thr.Dis_2 1.000 0.059 16.922 0.802 

Thr. - Dis. Mot. Thr.Dis_5 1.074 0.061 17.624 0.816 

Thr. - Dis. Mot. Thr.Dis_6 1.227 0.055 22.395 0.852 

Sup. - Dis. Mot. Sup.Dis_2 1.208 0.058 20.944 0.839 

Sup. - Dis. Mot. Sup.Dis_3 1.224 0.056 21.911 0.884 

Sup. - Dis. Mot. Sup.Dis_4 1.158 0.064 18.127 0.839 

Perm. of Gr. B. Perm_1 1.533 0.062 24.856 0.811 

Perm. of Gr. B. Perm_2 1.214 0.075 16.264 0.712 

Perm. of Gr. B. Perm_3 1.329 0.073 18.111 0.677 

Perm. of Gr. B. Perm_4 1.311 0.074 17.837 0.727 

Perm. of Gr. B. Perm_5 0.971 0.077 12.646 0.489 

Coll. Act. Ag. Coll.Ac_1 1.019 0.079 12.909 0.784 

Coll. Act. Ag. Coll.Ac_2 1.142 0.071 16.042 0.713 

Coll. Act. Ag. Coll.Ac_3 1.499 0.065 22.913 0.846 

Coll. Act. Ag. Coll.Ac_4 1.285 0.071 18.045 0.792 

Coll. Act. Ag. Coll.Ac_5 1.233 0.070 17.496 0.759 

Coll. Act. Ag. Coll.Ac_6 0.943 0.077 12.251 0.732 

Interac. term InterD_1 2.249 0.227 9.917 0.892 

Interac. term InterD_2 1.837 0.213 8.609 0.750 

Interac. term InterD_3 1.822 0.262 6.968 0.718 
B = non-standardized estimate; SE = standard error; Z= test statistic; β = standardized estimate. 

All p-values corresponding to the z-statistic were significant (< .001).  
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Table 5E. Parameter estimates of the confirmatory factor analysis of Model 4.  

Latent Factor Indicator B SE Z β 
      

Perc. Risks Risk_1 1.376 0.048 28.666 0.853 

Perc. Risks Risk_2 1.396 0.052 26.703 0.901 

Perc. Risks Risk_3 1.385 0.048 29.009 0.878 

Perc. Risks Risk_4 1.191 0.054 22.131 0.825 

Perc. Risks Risk_5 1.281 0.051 25.166 0.814 

Perc. Risks Risk_6 1.089 0.056 19.468 0.754 

Thr. - Cont. Mot. Thr.Con_1 0.885 0.075 11.864 0.587 

Thr. - Cont. Mot. Thr.Con_3 1.112 0.061 18.374 0.762 

Thr. - Cont. Mot. Thr.Con_5 1.179 0.058 20.424 0.800 

Sup. - Cont. Mot. Sup.Con_2 1.283 0.051 25.099 0.873 

Sup. - Cont. Mot. Sup.Con_3 0.860 0.062 13.929 0.620 

Sup. - Cont. Mot. Sup.Con_4 1.295 0.055 23.702 0.859 

Perm. of Gr. B. Perm_1 1.530 0.062 24.612 0.810 

Perm. of Gr. B. Perm_2 1.219 0.075 16.349 0.715 

Perm. of Gr. B. Perm_3 1.320 0.074 17.816 0.673 

Perm. of Gr. B. Perm_4 1.314 0.073 18.057 0.728 

Perm. of Gr. B. Perm_5 0.978 0.076 12.828 0.493 

Intention to Prot. Coll.Ac_1 1.228 0.066 18.705 0.945 

Interac. term InterC_1 2.096 0.185 11.347 0.843 

Interac. term InterC_2 1.443 0.220 6.558 0.613 

Interac. term InterC_3 2.200 0.211 10.413 0.786 
B = non-standardized estimate; SE = standard error; Z= test statistic; β = standardized estimate. 

All p-values corresponding to the z-statistic were significant (< .001).  
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Table 6E. Parameter estimates of the confirmatory factor analysis of Model 5.  

Latent Factor Indicator B SE Z β 
      

Perc. Risks Risk_1 1.376 0.048 28.475 0.852 

Perc. Risks Risk_2 1.394 0.053 26.224 0.899 

Perc. Risks Risk_3 1.384 0.049 28.482 0.878 

Perc. Risks Risk_4 1.196 0.054 21.948 0.829 

Perc. Risks Risk_5 1.284 0.051 25.163 0.815 

Perc. Risks Risk_6 1.086 0.056 19.335 0.752 

Thr. - Est. Mot. Thr.Est_1 1.304 0.059 22.085 0.797 

Thr. - Est. Mot. Thr.Est_3 1.242 0.062 19.926 0.891 

Thr. - Est. Mot. Thr.Est_4 0.963 0.067 14.352 0.815 

Sup. - Est. Mot. Sup.Est_1 1.245 0.054 22.956 0.890 

Sup. - Est. Mot. Sup.Est_3 1.203 0.054 22.106 0.766 

Sup. - Est. Mot. Sup.Est_4 1.102 0.062 17.671 0.816 

Perm. of Gr. B. Perm_1 1.526 0.062 24.499 0.808 

Perm. of Gr. B. Perm_2 1.218 0.075 16.326 0.714 

Perm. of Gr. B. Perm_3 1.317 0.074 17.843 0.671 

Perm. of Gr. B. Perm_4 1.323 0.071 18.563 0.733 

Perm. of Gr. B. Perm_5 0.977 0.076 12.817 0.492 

Intention to Prot. Coll.Ac_1 1.228 0.066 18.705 0.945 

Interac. term InterE_1 2.288 0.241 9.490 0.897 

Interac. term InterE_2 2.105 0.202 10.404 0.779 

Interac. term InterE_3 2.022 0.254 7.966 0.802 
B = non-standardized estimate; SE = standard error; Z= test statistic; β = standardized estimate. 

All p-values corresponding to the z-statistic were significant (< .001).  
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Table 7E. Parameter estimates of the confirmatory factor analysis of Model 6.  

Latent Factor Indicator B SE Z β 
      

Perc. Risks Risk_1 1.378 0.048 28.556 0.854 

Perc. Risks Risk_2 1.396 0.053 26.545 0.901 

Perc. Risks Risk_3 1.387 0.048 28.812 0.880 

Perc. Risks Risk_4 1.195 0.054 22.103 0.828 

Perc. Risks Risk_5 1.274 0.051 24.993 0.809 

Perc. Risks Risk_6 1.086 0.056 19.428 0.752 

Thr. - Dis. Mot. Thr.Dis_2 0.999 0.059 16.913 0.801 

Thr. - Dis. Mot. Thr.Dis_5 1.076 0.061 17.646 0.817 

Thr. - Dis. Mot. Thr.Dis_6 1.226 0.055 22.410 0.851 

Sup. - Dis. Mot. Sup.Dis_2 1.209 0.058 20.952 0.839 

Sup. - Dis. Mot. Sup.Dis_3 1.223 0.056 21.935 0.883 

Sup. - Dis. Mot. Sup.Dis_4 1.158 0.064 18.118 0.839 

Perm. of Gr. B. Perm_1 1.534 0.062 24.898 0.812 

Perm. of Gr. B. Perm_2 1.216 0.074 16.327 0.713 

Perm. of Gr. B. Perm_3 1.326 0.074 18.031 0.676 

Perm. of Gr. B. Perm_4 1.311 0.073 17.888 0.727 

Perm. of Gr. B. Perm_5 0.969 0.077 12.614 0.488 

Intention to Prot. Coll.Ac_1 1.228 0.066 18.705 0.945 

Interac. term intD1 2.249 0.227 9.894 0.892 

Interac. term intD2 1.836 0.214 8.587 0.750 

Interac. term intD3 1.824 0.261 6.979 0.719 
B = non-standardized estimate; SE = standard error; Z= test statistic; β = standardized estimate. 

All p-values corresponding to the z-statistic were significant (< .001).  
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Table 8E. Parameter estimates of the confirmatory factor analysis of Model 7.  

Latent Factor Indicator B SE Z β 
      

Perc. Risks Risk_1 1.373 0.048 28.603 0.851 

Perc. Risks Risk_2 1.395 0.052 26.845 0.900 

Perc. Risks Risk_3 1.381 0.048 28.843 0.876 

Perc. Risks Risk_4 1.194 0.054 22.184 0.827 

Perc. Risks Risk_5 1.287 0.051 25.302 0.818 

Perc. Risks Risk_6 1.091 0.056 19.451 0.755 

Thr. - Cont. Mot. Thr.Con_1 0.870 0.072 12.094 0.577 

Thr. - Cont. Mot. Thr.Con_3 1.128 0.059 19.140 0.773 

Thr. - Cont. Mot. Thr.Con_5 1.175 0.057 20.758 0.797 

Sup. - Cont. Mot. Sup.Con_2 1.264 0.051 24.995 0.860 

Sup. - Cont. Mot. Sup.Con_3 0.866 0.062 13.965 0.625 

Sup. - Cont. Mot. Sup.Con_4 1.310 0.053 24.762 0.869 

Perm. of Gr. B. Perm_1 1.528 0.062 24.500 0.809 

Perm. of Gr. B. Perm_2 1.216 0.075 16.247 0.713 

Perm. of Gr. B. Perm_3 1.324 0.074 18.009 0.675 

Perm. of Gr. B. Perm_4 1.313 0.073 18.077 0.728 

Perm. of Gr. B. Perm_5 0.984 0.076 12.888 0.496 

Social Accept. Accep_1 1.108 0.056 19.657 0.811 

Social Accept. Accep_2 1.195 0.055 21.568 0.876 

Social Accept. Accep_3 1.255 0.059 21.188 0.724 

Social Accept. Accep_4 1.378 0.047 29.013 0.921 

Social Accept. Accep_5 1.109 0.059 18.734 0.643 

Interac. term InterC_1 2.122 0.183 11.562 0.853 

Interac. term InterC_2 1.428 0.221 6.460 0.607 

Interac. term InterC_3 2.182 0.213 10.250 0.779 
B = non-standardized estimate; SE = standard error; Z= test statistic; β = standardized estimate. 

All p-values corresponding to the z-statistic were significant (< .001).  
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Table 9E. Parameter estimates of the confirmatory factor analysis of Model 8.  

Latent Factor Indicator B SE Z β 
      

Perc. Risks Risk_1 1.373 0.048 28.453 0.851 

Perc. Risks Risk_2 1.392 0.053 26.308 0.898 

Perc. Risks Risk_3 1.379 0.049 28.268 0.874 

Perc. Risks Risk_4 1.199 0.054 22.023 0.830 

Perc. Risks Risk_5 1.291 0.051 25.345 0.820 

Perc. Risks Risk_6 1.089 0.056 19.334 0.753 

Thr. - Est. Mot. Thr.Est_1 1.296 0.060 21.587 0.793 

Thr. - Est. Mot. Thr.Est_3 1.254 0.062 20.306 0.900 

Thr. - Est. Mot. Thr.Est_4 0.958 0.067 14.394 0.811 

Sup. - Est. Mot. Sup.Est_1 1.226 0.055 22.361 0.877 

Sup. - Est. Mot. Sup.Est_3 1.215 0.054 22.445 0.773 

Sup. - Est. Mot. Sup.Est_4 1.113 0.061 18.400 0.824 

Perm. of Gr. B. Perm_1 1.524 0.062 24.390 0.806 

Perm. of Gr. B. Perm_2 1.214 0.075 16.201 0.712 

Perm. of Gr. B. Perm_3 1.322 0.073 18.066 0.674 

Perm. of Gr. B. Perm_4 1.323 0.071 18.566 0.733 

Perm. of Gr. B. Perm_5 0.984 0.076 12.884 0.495 

Social Accept. Accep_1 1.096 0.057 19.320 0.802 

Social Accept. Accep_2 1.195 0.055 21.587 0.876 

Social Accept. Accep_3 1.258 0.059 21.239 0.726 

Social Accept. Accep_4 1.384 0.048 29.007 0.925 

Social Accept. Accep_5 1.107 0.059 18.759 0.642 

Interac. term InterE_1 2.284 0.241 9.464 0.896 

Interac. term InterE_2 2.107 0.203 10.360 0.779 

Interac. term InterE_3 2.025 0.255 7.941 0.803 
B = non-standardized estimate; SE = standard error; Z= test statistic; β = standardized estimate. 

All p-values corresponding to the z-statistic were significant (< .001).  
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Table 10E. Parameter estimates of the confirmatory factor analysis of Model 9.  

Latent Factor Indicator B SE Z β 
      

Perc. Risks Risk_1 1.373 0.048 28.561 0.851 

Perc. Risks Risk_2 1.393 0.052 26.621 0.899 

Perc. Risks Risk_3 1.380 0.048 28.577 0.875 

Perc. Risks Risk_4 1.199 0.054 22.203 0.831 

Perc. Risks Risk_5 1.285 0.051 25.253 0.816 

Perc. Risks Risk_6 1.092 0.056 19.534 0.755 

Thr. - Dis. Mot. Thr.Dis_2 1.001 0.059 17.001 0.802 

Thr. - Dis. Mot. Thr.Dis_5 1.074 0.061 17.551 0.816 

Thr. - Dis. Mot. Thr.Dis_6 1.226 0.055 22.104 0.852 

Sup. - Dis. Mot. Sup.Dis_2 1.218 0.056 21.576 0.845 

Sup. - Dis. Mot. Sup.Dis_3 1.221 0.055 22.294 0.881 

Sup. - Dis. Mot. Sup.Dis_4 1.152 0.063 18.238 0.835 

Perm. of Gr. B. Perm_1 1.531 0.062 24.801 0.810 

Perm. of Gr. B. Perm_2 1.213 0.075 16.238 0.712 

Perm. of Gr. B. Perm_3 1.332 0.073 18.249 0.679 

Perm. of Gr. B. Perm_4 1.311 0.073 17.911 0.726 

Perm. of Gr. B. Perm_5 0.974 0.077 12.684 0.491 

Social Accept. Accep_1 1.105 0.056 19.648 0.808 

Social Accept. Accep_2 1.206 0.055 22.060 0.884 

Social Accept. Accep_3 1.246 0.060 20.653 0.719 

Social Accept. Accep_4 1.374 0.048 28.603 0.918 

Social Accept. Accep_5 1.111 0.059 18.709 0.644 

Interac. term InterD_1 2.248 0.231 9.742 0.892 

Interac. term InterD_2 1.838 0.213 8.637 0.750 

Interac. term InterD_3 1.824 0.262 6.949 0.719 
B = non-standardized estimate; SE = standard error; Z= test statistic; β = standardized estimate. 

All p-values corresponding to the z-statistic were significant (< .001).  
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Table 11E. Parameter estimates of the confirmatory factor analysis of Model 10.  

Latent Factor Indicator B SE Z β 
      

Perc. Risks Risk_1 1.374 0.048 28.498 0.851 

Perc. Risks Risk_2 1.395 0.053 26.537 0.900 

Perc. Risks Risk_3 1.383 0.048 28.688 0.877 

Perc. Risks Risk_4 1.191 0.054 21.989 0.825 

Perc. Risks Risk_5 1.285 0.051 25.182 0.817 

Perc. Risks Risk_6 1.092 0.056 19.395 0.756 

Thr. - Cont. Mot. Thr.Con_1 0.893 0.073 12.169 0.593 

Thr. - Cont. Mot. Thr.Con_3 1.117 0.060 18.566 0.765 

Thr. - Cont. Mot. Thr.Con_5 1.169 0.058 20.092 0.793 

Sup. - Cont. Mot. Sup.Con_2 1.248 0.051 24.295 0.849 

Sup. - Cont. Mot. Sup.Con_3 0.863 0.062 13.825 0.623 

Sup. - Cont. Mot. Sup.Con_4 1.327 0.054 24.753 0.880 

Perm. of Gr. B. Perm_1 1.531 0.062 24.638 0.810 

Perm. of Gr. B. Perm_2 1.215 0.075 16.255 0.713 

Perm. of Gr. B. Perm_3 1.325 0.073 18.045 0.675 

Perm. of Gr. B. Perm_4 1.311 0.073 18.014 0.727 

Perm. of Gr. B. Perm_5 0.981 0.076 12.866 0.494 

Coll. Act. Fa. Coll.Fav_1 0.980 0.056 17.565 0.662 

Coll. Act. Fa. Coll.Fav_2 1.282 0.068 18.759 0.689 

Coll. Act. Fa. Coll.Fav_3 1.568 0.061 25.903 0.802 

Coll. Act. Fa. Coll.Fav_4 1.369 0.066 20.642 0.726 

Coll. Act. Fa. Coll.Fav_5 1.300 0.061 21.208 0.756 

Coll. Act. Fa. Coll.Fav_6 1.052 0.064 16.341 0.672 

Interac. term InterC_1 2.083 0.184 11.351 0.838 

Interac. term InterC_2 1.445 0.219 6.583 0.614 

Interac. term InterC_3 2.213 0.213 10.384 0.790 
B = non-standardized estimate; SE = standard error; Z= test statistic; β = standardized estimate. 

All p-values corresponding to the z-statistic were significant (< .001).  



 279 

Table 12E. Parameter estimates of the confirmatory factor analysis of Model 11.  

Latent Factor Indicator B SE Z β 
      

Perc. Risks Risk_1 1.374 0.048 28.363 0.851 

Perc. Risks Risk_2 1.393 0.053 26.040 0.899 

Perc. Risks Risk_3 1.382 0.049 28.151 0.876 

Perc. Risks Risk_4 1.197 0.055 21.803 0.829 

Perc. Risks Risk_5 1.288 0.051 25.182 0.818 

Perc. Risks Risk_6 1.089 0.057 19.262 0.753 

Thr. - Est. Mot. Thr.Est_1 1.302 0.060 21.804 0.796 

Thr. - Est. Mot. Thr.Est_3 1.247 0.062 20.036 0.895 

Thr. - Est. Mot. Thr.Est_4 0.959 0.067 14.344 0.812 

Sup. - Est. Mot. Sup.Est_1 1.232 0.054 22.633 0.882 

Sup. - Est. Mot. Sup.Est_3 1.218 0.054 22.529 0.775 

Sup. - Est. Mot. Sup.Est_4 1.104 0.062 17.944 0.817 

Perm. of Gr. B. Perm_1 1.526 0.062 24.563 0.808 

Perm. of Gr. B. Perm_2 1.214 0.075 16.243 0.712 

Perm. of Gr. B. Perm_3 1.321 0.073 18.073 0.674 

Perm. of Gr. B. Perm_4 1.321 0.071 18.514 0.732 

Perm. of Gr. B. Perm_5 0.980 0.076 12.858 0.493 

Coll. Act. Fa. Coll.Fav_1 0.975 0.056 17.382 0.659 

Coll. Act. Fa. Coll.Fav_2 1.264 0.069 18.305 0.679 

Coll. Act. Fa. Coll.Fav_3 1.588 0.059 26.860 0.812 

Coll. Act. Fa. Coll.Fav_4 1.366 0.067 20.453 0.724 

Coll. Act. Fa. Coll.Fav_5 1.310 0.060 21.705 0.761 

Coll. Act. Fa. Coll.Fav_6 1.036 0.064 16.071 0.662 

Interac. term InterE_1 2.282 0.241 9.468 0.895 

Interac. term InterE_2 2.109 0.203 10.387 0.780 

Interac. term InterE_3 2.025 0.255 7.952 0.803 
B = non-standardized estimate; SE = standard error; Z= test statistic; β = standardized estimate. 

All p-values corresponding to the z-statistic were significant (< .001).  
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Table 13E. Parameter estimates of the confirmatory factor analysis of Model 12.  

Latent Factor Indicator B SE Z β 
      

Perc. Risks Risk_1 1.375 0.048 28.417 0.852 

Perc. Risks Risk_2 1.394 0.053 26.342 0.900 

Perc. Risks Risk_3 1.384 0.049 28.417 0.877 

Perc. Risks Risk_4 1.197 0.054 21.979 0.829 

Perc. Risks Risk_5 1.280 0.051 25.041 0.813 

Perc. Risks Risk_6 1.090 0.056 19.368 0.754 

Thr. - Dis. Mot. Thr.Dis_2 1.000 0.059 16.918 0.801 

Thr. - Dis. Mot. Thr.Dis_5 1.074 0.061 17.593 0.816 

Thr. - Dis. Mot. Thr.Dis_6 1.227 0.055 22.265 0.852 

Sup. - Dis. Mot. Sup.Dis_2 1.217 0.057 21.231 0.845 

Sup. - Dis. Mot. Sup.Dis_3 1.221 0.055 22.131 0.882 

Sup. - Dis. Mot. Sup.Dis_4 1.153 0.063 18.187 0.835 

Perm. of Gr. B. Perm_1 1.534 0.062 24.902 0.812 

Perm. of Gr. B. Perm_2 1.213 0.075 16.258 0.712 

Perm. of Gr. B. Perm_3 1.330 0.073 18.219 0.678 

Perm. of Gr. B. Perm_4 1.310 0.073 17.870 0.726 

Perm. of Gr. B. Perm_5 0.972 0.077 12.660 0.489 

Coll. Act. Fa. Coll.Fav_1 0.971 0.056 17.255 0.657 

Coll. Act. Fa. Coll.Fav_2 1.266 0.069 18.302 0.681 

Coll. Act. Fa. Coll.Fav_3 1.592 0.060 26.667 0.814 

Coll. Act. Fa. Coll.Fav_4 1.370 0.067 20.515 0.726 

Coll. Act. Fa. Coll.Fav_5 1.306 0.061 21.398 0.759 

Coll. Act. Fa. Coll.Fav_6 1.034 0.065 16.024 0.660 

Interac. term InterD_1 2.254 0.230 9.807 0.894 

Interac. term InterD_2 1.831 0.213 8.599 0.747 

Interac. term InterD_3 1.824 0.263 6.923 0.719 
B = non-standardized estimate; SE = standard error; Z= test statistic; β = standardized estimate. 

All p-values corresponding to the z-statistic were significant (< .001).  
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Appendix F – Study 4 

 

Table 1F. Monte Carlo Confidence Interval – Indirect effects (Model 1-6). 

Model 1-6  
Estimate CI Lower CI Upper p value 

Model 1 .002 -.007 .017 .615 

Model 2 .004 -.005 .017 .446 

Model 3 .007 -.009 .025 .327 

Model 4 0.004 -.012 .021 .562 

Model 5 0.006 -.008 .025 .401 

Model 6 0.016 .001 .038 .066 

Note. This table refers to “Results of the H3 path in the intention to act against and the intention 

to protest” in the thesis (section 5.6.2.). 

 

Table 2F. SEM Model fit indices for R2 analysis.  

This refers to Table 27 in the thesis, section 5.6.3. “Model comparisons via direct 

matrix calculation of R2
Reduced”. 

 df χ2 
RMSEA 

CI 

Lower 
RMSEA 

RMSEA 

CI 

Upper 
SRMR CFI TLI 

Model 13 128 405.823 0.060 0.068 0.075 0.052 0.949 0.940 

Model 14 128 382.974 0.059 0.067 0.074 0.046 0.956 0.948 

Model 15 128 370.080 0.058 0.065 0.073 0.044 0.957 0.948 

Model 16 59 148.988 0.045 0.057 0.068 0.045 0.975 0.967 

Model 17 59 138.393 0.044 0.056 0.068 0.030 0.980 0.974 

Model 18 59 121.537 0.037 0.050 0.062 0.032 0.983 0.978 

Model 19 112 257.434 0.044 0.052 0.061 0.045 0.974 0.968 

Model 20 112 241.457 0.041 0.050 0.058 0.032 0.979 0.975 

Model 21 112 235.873 0.040 0.049 0.058 0.036 0.979 0.974 

Model 22 128 384.145 0.056 0.063 0.070 0.062 0.951 0.942 

Model 23 128 377.414 0.055 0.062 0.069 0.058 0.959 0.951 

Model 24 128 362.054 0.054 0.061 0.068 0.059 0.958 0.950 

p-value of all χ2  = < .001 

 
Table 3F. Monte Carlo Confidence Interval – Indirect effects (Model 7-12). 

Models 7-12  
Estimate CI Lower CI Upper p value  

Model 7 -.003 -.016 .009 .577 

Model 8 -.004 -.020 .005 .444 

Model 9 -.011 -.034 .004 .188 

Model 10 .001 -.005 .009 .756 

Model 11 .001 -.006 .009 .689 

Model 12 .004 -.010 .021 .615 

Note. This table refers to “Results of the H3 path in the intention to act against and the intention 

to protest” in the thesis (section 5.6.2.).  
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Appendix G – Deviations from pre-registration and OSF files 

 

Deviations from the pre-registration of Study 2, 3, and 4. 

The present summary contains all the deviations from the pre-registration that were 

made in the present work. Each change is also presented, and better explained, in the 

relevant sections of each study. The goal of this section is to offer a list of all changes 

made in order to give a unified overview of these deviations.  

 

Study Information 

Hypotheses 

1. Study 2 and Study 3 were initially pre-registered as a unique model. For this 

reason, the hypotheses were described as part of a unique model. After pre-

registering, it was decided to split the model into two parts. Therefore, the two 

sub-models were analysed separately. This decision was based on the necessity 

to simplify the model complexity. In fact, when planning the present research 

work, I underestimated the sample size limits for such large models due to my 

lack of expertise in treating latent variables when I started my PhD course. 

2. While the content of the hypotheses in Study 2, 3 and 4 remained the same as in 

the pre-registered hypotheses, the form has changed. In fact, the hypotheses 

have been reworded for clarity.  

 

Sampling Plan 

Data collection procedures 

3. For Study 2 and Study 3, participants were supposed to be recruited via personal 

and on-line invitation. However, recruitment was concluded only via on-line 

invitation. Personal invitation consisted of knocking on people’s doors asking if 

they would like to participate in a research project about their opinion on 

geothermal energy in Cornwall. However, the bad weather in Cornwall 

occurring during the recruitment annual period made the personal invitation 

phase unfeasible.  

Sample size plan 

4. The sample size of Study 2 and Study 3 was supposed to be decided after 

recruiting the first 100 participants, to then run a Monte Carlo simulation power 

analysis using the estimates from this small sample. However, the main 

endogenous variable was highly skewed in this first small sample, with very 
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little variability. Therefore, I decided to rely on other parameters such as rules of 

thumb and post-doc power analysis based on RMSEA population.  

 

Analysis Plan 

Statistical models 

5. The pre-registration of Study 2 and Study 3 only mentioned a maximum 

likelihood estimator. However, I used an estimator with robust standard errors to 

account for non-normal distributed data. 

6. In Study 2 and Study 3 all the reverse-coded items were dropped due to their 

poor statistical proprieties.  

7. Items from the collective not self-determined motivations were dropped to 

further simplify the model complexity (Study 3). 

8. Since the variable descriptive social norms contained 2 out of 4 reverse-coded 

items, the two remaining items were constrained to be equal to avoid 

identification problems (Study 2). 

9. In order to reduce correlate residuals, 6 out of 12 items were used to form the 

variables group-based positive and negative emotions (Study 2). 

10. In the pre-registration, the following correlated residuals imposed within the 

models were not mentioned: 

 

• between positive and negative group-based emotions (Study 2) 

• between the third and fourth item of ingroup identification (Study 

2) 

• between the first and second item of the procedural justice 

climate (Study 3) 

 

11. The pre-registered SIMPEA model (Study 2) did not fit the data. An alternative 

model, exploratory instead, is proposed.  

12. A follow-up exploratory analysis was added in Study 3 to help with the results 

interpretation. 

13. The novel constructs considered in Study 4 were pre-registered as a two-first 

order factors structure. These factor structures could not be supported. The final 

model consisted of a six-first order factors structure. 

14. Changing the factor structures in Study 4 implied adaptations in the structural 

models. Rather than testing four structural models as declared in the pre-
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registration (i.e., one for each of the outcome variables), the actual analyses 

included a total of 12 models. 

15. The role group relative deprivation in Study 4 was vaguely mention in the pre-

registration without specifications. The actual analysis has included this variable 

to better understand the role of the permeability of the group boundaries. 

 

OSF files 

 

Pre-registration Study 2 and Study 3 

https://osf.io/sa5x8/?view_only=dc93d2587a1e42c8ba728f2d2b285257 

 

Pre-registration Study 4: 

https://osf.io/fyz7x/?view_only=e02642000b164aac9d68cdcf685616b1 

 

Dataset and R scripts – Study 2, 3, and 4: 

https://osf.io/wkx72/?view_only=cef2b5e28ac540cabb43977d36ba292c 

 

 

 

 

https://osf.io/sa5x8/?view_only=dc93d2587a1e42c8ba728f2d2b285257
https://osf.io/fyz7x/?view_only=e02642000b164aac9d68cdcf685616b1
https://osf.io/wkx72/?view_only=cef2b5e28ac540cabb43977d36ba292c

