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1.1 Introduction 

The world is facing serious environmental problems, including global climate change. In 

2015, President Obama said that “no challenge poses a greater threat to our future and future 

generations than a changing climate”. Human influence on the global climate system is clear: 

anthropogenic emissions of greenhouse gases are an important cause of climate change and 

are the highest in history (IPCC, 2014). The emissions of greenhouse gases need to be 

reduced substantially to successfully combat climate change.  

In recent years, promising technological developments brought sustainable innovations that 

have a relatively low impact on the environment and emit less greenhouse gases compared to 

conventional products and services. Consumers’ adoption of these innovations can greatly 

help to combat climate change. However, these innovations are still in an early introduction 

stage, meaning that only a few consumers have adopted them yet. Also, sustainable 

innovations have some instrumental drawbacks compared to conventional products, which is 

typical of products that are not produced on a large scale yet.  

An example of a sustainable innovation is a new generation of electric cars that were recently 

introduced to the market and are now available to consumers, but adoption rates are still low 

(Shahan, 2014). The adoption of electric cars helps to combat global climate change, as 

electric cars do not emit greenhouse gases while driving, unlike conventional cars. Yet, 

electric cars have some instrumental drawbacks, for instance a limited driving range, and 

charging the battery of an electric car takes much longer than refueling a conventional car. 

Other examples of sustainable innovations are renewable energy systems that do not or less 

strongly rely on fossil energy sources, but rather rely on locally produced renewable energy 

sources such as energy produced by solar panels on the roof of community buildings or 

private houses, which results in a reduction of greenhouse gas emissions. Yet, such local 

renewable energy systems also typically have instrumental drawbacks, as locally produced 

renewable energy production can be intermittent, challenging security of supply. Renewable 

energy systems can comprise various sustainable innovations, such as feedback systems that 

are aimed to promote the sustainable use of renewable energy sources, and facilitate matching 

the demand of energy to the available (local) supply of sustainable energy.  Yet, such 

feedback systems (typically included in so-called “smart energy systems”) may have 

instrumental drawbacks as well, as acting upon such feedback may be perceived as effortful 

or inconvenient.   
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Sustainable innovations like electric cars, local renewable energy systems and smart energy 

systems can potentially contribute to reducing fossil energy consumption and related 

greenhouse gas emissions. However, the environmental success of sustainable innovations 

largely depends on consumers’ adoption of such innovations. Among others, people need to 

accept sustainable innovations, be interested in these innovations, and ultimately purchase and 

use them. It is therefore crucial to understand what attributes of sustainable innovations 

consumers consider in their adoption decisions, and to what extent these attributes influence 

adoption likelihood.  

1.2 Factors influencing the likelihood of adopting sustainable innovations 

Various studies have been conducted to examine factors influencing the adoption of 

sustainable innovations. However, as yet research has been fragmented and many studies lack 

a clear theoretical foundation or comprehensive conceptual model that proposes which factors 

people consider in their adoption decision. Some studies looked at many specific factors that 

are typical of one particular sustainable innovation, such as electric cars’ maximum speed, 

recharging time, driving range, and costs and delay in case of a dead battery (Chéron & Zins, 

1997). Other studies examined which socio-demographic factors predict adoption likelihood, 

including income and social economic status (Gartrell, Wilkening, & Presser, 1973),  age, 

education, home ownership and car ownership (Campbell, Ryley, & Thring, 2012), without 

considering motivational factors. Another line of research only looked at a limited set of 

factors explaining the adoption of sustainable innovations, such as driving range of electric 

vehicles (Franke & Krems, 2013), financial incentives for hybrid vehicle adoption (Gallagher 

& Muehlegger, 2011), and battery performance and costs of electric cars (Nemry & Brons, 

2010), and do not reveal the relative importance of these factors for adoption likelihood 

compared to other potential relevant factors. Although these studies have enhanced our 

understanding of which factors promote the adoption of a particular sustainable innovation, 

they hardly enhance our theoretical understanding of which types of motivation underlie 

adopting a sustainable innovation and the relative importance of these different types of 

motivation for adoption likelihood.  

In this dissertation we aim to address these gaps in the literature. We propose a theoretical 

model to explain which motivational factors predict the adoption likelihood of sustainable 

innovations. We propose that three types of motivations are important for adopting 

sustainable innovations: people can be motivated to adopt a sustainable innovation for its 
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utility, its environmental outcomes, and its symbolic value, that is the extent the sustainable 

innovation is believed to help build and support one’s identity and status. More specifically, 

we propose that the likelihood of adopting a sustainable innovation is influenced by people’s 

evaluations of its Instrumental attributes, Symbolic attributes, and Environmental attributes 

(ISE-model, see Figure 1). Below, we will describe our reasoning and the ISE-model in more 

detail. In doing so, we will argue that particularly the symbolic attributes may be important 

for the adoption of sustainable innovations.    

 

Figure 1: Conceptual model on the impact of evaluations of Instrumental, Symbolic, and 

Environmental attributes on adoption of sustainable innovations (ISE-model) 

First, we propose that the adoption of a sustainable innovation depends on its perceived 

utility, reflected in the evaluation of its instrumental attributes. For instance, a car can be 

bought and used to travel to various destinations, while energy systems provide energy for, 

among others, heating homes and using appliances. Studies that have examined how 

evaluations of instrumental attributes affect the adoption of sustainable innovations typically 

found that instrumental attributes of sustainable innovations are evaluated rather negatively 

compared to conventional products, which inhibits the adoption of sustainable innovations. 

For example, research showed that people are less likely to adopt sustainable innovations 

because they believe acquiring a sustainable innovation involves effort and resources (Stern, 

1986; Stern et al., 1986), is financially costly (Bockarjova & Steg, 2014; Nemry & Brons, 

2010; Sierzchula et al., 2014), and that the use of a sustainable innovation is effortful (e.g. 

Bunch et al., 1993; Carley, Krause, Lane & Graham, 2013; Egbue & Long, 2012; Franke & 

Krems, 2013).  
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Second, evaluations of environmental attributes may play a role in the adoption of sustainable 

innovations. For many people, protecting the environment is an important goal in their life, 

and people take environmental consequences into account when making choices (De Groot & 

Steg, 2007; 2008; Steg, et al., 2012; see Steg & De Groot, 2012, for a review). As sustainable 

innovations are aimed at reducing environmental problems including mitigating global 

climate change, people are likely to evaluate its environmental attributes favorably, which is 

likely to increase adoption likelihood. Indeed, people generally think that the adoption of 

electric vehicles will help reduce environmental problems caused by conventional vehicles, 

which increases the likelihood that they consider adopting electric vehicles (Bockarjova & 

Steg, 2014). 

Third, in addition to instrumental and environmental outcomes, we propose that people 

consider the symbolic value of sustainable innovations, as reflected in the evaluation of its 

symbolic attributes. Indeed, research on consumer behavior has revealed that people do not 

only buy products for what they can do functionally, but also for what products can say about 

them (Dittmar, 1992). People are generally motivated to be seen by others in a positive way 

(Goffman, 1959) and to see themselves in a positive way (Belk, 1988; Dittmar, 1992; 

Giddens, 1991). Building and supporting a positive identity and enhancing one’s status can be 

achieved by displaying products that signal desired characteristics (Belk, 1981; Dittmar, 1992; 

Fennis & Pruyn, 2007; Sirgy, 1985, 1986). For instance, flying business class may signal 

achievement and status, while reading The Economist may signal intelligence. Hence, people 

may purchase a product when they evaluate its symbolic attributes favorably, anticipating on 

favorable outcomes for their identity and status. Interestingly, symbolic attributes have hardly 

been considered in studies on adoption of sustainable innovations. We propose that the 

evaluation of symbolic attributes may be particularly relevant for the likelihood of adopting a 

sustainable innovation, as adopting a sustainable innovation can clearly signal who or what 

you are, to oneself and to others. For instance, adopting a sustainable innovation can signal 

that one is an innovative person or a caring person, which are typically perceived to be 

positive characteristics (Heffner, 2007). Hence, we propose that symbolic attributes may be 

important yet overlooked factors that motivate consumers to adopt sustainable innovations. 

We will examine how important evaluations of symbolic attributes are for the adoption of 

sustainable innovations vis-à-vis the instrumental and environmental attributes of sustainable 

innovations. 
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Notably, we propose that symbolic attributes may play a particular important role in the 

adoption of sustainable innovations because of some typical characteristics of such 

innovations, including their relatively poor instrumental attributes and the low adoption rate. 

We argue that such situational or external factors, which are generally considered to reduce 

rather than promote the behavior, will foster the conclusion that those displaying the behavior 

are intrinsically motivated to do so. In other words: we reason that these characteristics are 

likely to enhance the signaling value of adopting a sustainable innovation. People use overt 

behavior to better understand themselves (self-perception theory; Bem, 1972) and others 

(attribution theory; Jones & Davis, 1965; Kelley, 1967). The behavior can be attributed to 

internal factors, such as personal characteristics, or external (situational) factors, such as 

positive instrumental attributes. Perceptions of the intentions and behavior of others who are 

important to you may play a role in this respect as well: when many significant others are 

expected to adopt or consider adopting a sustainable innovation, adoption is likely to be seen 

as adaptive in the particular situation (i.e., if everyone who is important to me has it or wants 

it, it must be a good product), making it likely that adoption is attributed to external factors. A 

person is more likely to attribute a behavior to personal characteristics of the actor (and less 

likely to external factors) when there are seemingly no external factors encouraging the 

observed behavior, or when external factors even discourage the observed behavior. As 

adopting and using a sustainable innovation oftentimes is believed to have instrumental 

drawbacks and only few significant others have adopted or would consider adopting such 

innovations in the short term, adoption is less likely to be attributed to external situational 

factors. This reasoning implies that the adoption of sustainable innovations is likely to be 

attributed to the characteristics of adopters, both by the adopters themselves as by others. It 

has been argued that people are aware of and sensitive to what attributions are expected to be 

made about their behavior (Calder & Burnkrant, 1977). If so, people may anticipate that 

adoption of a sustainable innovation will be attributed to one’s personal characteristics, and 

therefore be more motivated to adopt a sustainable innovation when they evaluate its 

symbolic attributes favorably.  

Our reasoning further suggests that evaluations of symbolic attributes of sustainable 

innovations can even have a stronger impact on adoption likelihood when people believe that 

sustainable innovations have some (instrumental) drawbacks, as in this case, adoption is more 

likely to be attributed to characteristics of the person rather than to external factors. This 

implies that, on the one hand, instrumental drawbacks inhibit adoption, as we explained 
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earlier. However, at the same time, people may anticipate that such drawbacks increase the 

likelihood that adoption will be attributed to their personal characteristics. This would imply 

that adoption will be attributed to personal characteristics, which implies that evaluations of 

symbolic factors may particularly predict adoption when the relevant sustainable innovation 

has some instrumental drawbacks.  

Through a similar process, low adoption rates may have both a direct and an indirect effect on 

the likelihood of adopting sustainable innovations. In the early introduction phase, it is likely 

that one believes that only few significant others would consider adopting a sustainable 

innovation. This implies that adoption norms, which we define as the perception that 

significant others would adopt or consider adopting a sustainable innovation, are weak. Such 

weak adoption norms are likely to inhibit the adoption of sustainable innovations (cf. Cialdini, 

Kallgren, & Reno, 1991). Yet, similar to the instrumental drawbacks, weak adoption norms 

may have an indirect effect on the adoption of sustainable innovations as well. Adoption is 

more likely to be attributed to personal characteristics when significant others do not own or 

consider adopting a sustainable innovation in the short term. This would imply that 

evaluations of the symbolic attributes of sustainable innovations may have a stronger impact 

on adoption of a sustainable innovation when people perceive adoption norms to be weak.  

In sum, we expect that evaluations of symbolic attributes affect the likelihood of adoption of 

sustainable innovations, particularly when sustainable innovations (still) have some 

instrumental drawbacks and are only adopted by few significant others.  

Individual characteristics may affect how people evaluate the attributes of sustainable 

innovations, and the extent to which evaluations of different attributes predict adoption 

likelihood. One important factor in this respect is whether people are likely to be earlier or 

later adopters (Rogers, 1963; 2003). Indeed, it has been suggested that early adopters of 

innovations are likely to have more favorable evaluations of the attributes of sustainable 

innovations such as electric cars (Gärling & Thøgersen, 2001). Therefore, we will examine 

whether people who are likely to adopt innovations at an early stage differ from people who 

are likely to adopt innovations at a later stage. More particularly, we will examine whether 

earlier versus later adopters (i.e. who are more likely to adopt an innovation in the earlier 

versus later stages) differ in (1) their evaluations of the instrumental, environmental, and 

symbolic attributes of sustainable innovations and (2) the relative impact these evaluations 

have on their likelihood of adopting a sustainable innovation. This could give valuable 
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insights in whether the promotion of sustainable innovations should focus on different 

attributes in different phases of adoption.   

1.3 Current studies 

We test the ISE-model in six studies, in which we examine the relative importance of 

evaluations of the instrumental, environmental, and symbolic attributes for adoption 

likelihood of sustainable innovations. We hypothesize that more positive evaluations of all 

three types of attributes enhance adoption likelihood of sustainable innovations (hypothesis 

1). Notably, we hypothesize that symbolic attributes play an important role in the adoption of 

sustainable innovations, next to instrumental and environmental attributes. Furthermore, we 

expect that evaluations of symbolic attributes are particularly important for the adoption of 

sustainable innovations because of some specific characteristics of sustainable innovations, 

that is, their instrumental drawbacks and low adoption rate. More specifically, we hypothesize 

that evaluations of symbolic attributes of sustainable innovations more strongly predict 

adoption likelihood when people perceive that sustainable innovations have some 

(instrumental) drawbacks, and when people expect that few significant others adopt or 

consider adopting the sustainable innovation (hypothesis 2). Hence, we propose that 

instrumental drawbacks and low perceived adoption rate on the one hand are likely to inhibit 

adoption of sustainable innovations, while at the other hand, they increase the likelihood that 

adoption will be attributed to personal characteristics, and thus enhance the relative 

importance of evaluations of the symbolic attributes in predicting the likelihood of adopting 

sustainable innovations. Furthermore, we will examine whether individual differences in 

timing of adopting innovations are related to evaluations of the attributes of sustainable 

innovations and the relative impact these evaluations have on likelihood of adopting 

sustainable innovations. 

To test the robustness of our findings, we test the ISE-model and hypotheses for different 

sustainable innovations that differ in some important aspects. More specifically, we test the 

ISE-model on sustainable innovations that vary in how noticeable adoption is to others. 

Adopting sustainable innovations that are noticeable to others can potentially serve as a signal 

to both self and others, while adopting sustainable innovations that are less visible to others 

have less potential to serve as a signal to others. For this purpose, we test whether the model 

can explain adoption of electric cars (Chapter 2, 3, and 4), which is clearly observable by 

others. Additionally, we test whether the model can explain adoption of local renewable 
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energy systems (Chapter 2) and smart energy systems (Chapter 4 and 5), which is less 

noticeable to others.  

Furthermore, we will test the robustness of the findings by including multiple indicators of 

adoption likelihood in our studies, including interest, acceptability, intention, and actual 

adoption, and examine whether the evaluations of the three types of attributes play a similar 

role in explaining these different indicators of adoption.  

1.4 Overview of Chapters 

In Chapter 2 we test the ISE-model and study to what extent the three types of motivations 

predict the adoption of two sustainable innovations that differ in the extent to which adoption 

is noticeable to others. More specifically, we investigated to what extent evaluations of the 

instrumental attributes, environmental attributes, and symbolic attributes are related to 

adoption likelihood of electric cars and local renewable energy systems, and whether 

evaluations of the symbolic attributes better predict adoption likelihood of these sustainable 

innovations when people believe the innovation has less positive instrumental attributes.  

Chapter 3 aims to examine whether the findings of the studies reported in Chapter 2 can be 

replicated, by again studying adoption of electric cars. Additionally, Chapter 3 examines 

whether individual differences in likelihood of adopting innovative cars relatively early versus 

relatively late affect the evaluations of the instrumental, environmental and symbolic 

attributes of electric cars, and the extent to which these evaluations predict the likelihood of 

adopting electric cars.  

In Chapter 4, we study the extent to which expectations about whether significant others 

would consider adoption of sustainable innovations affect the adoption of electric cars and 

smart energy systems, next to the evaluation of the instrumental, symbolic and environmental 

attributes. More particularly, we aim to test whether weak adoption norms at the one hand 

inhibit adoption likelihood, while at the other hand increase the impact of evaluations of 

symbolic attributes on adoption likelihood of sustainable innovations.  

Chapter 5 aims to test whether the ISE-model also predicts actual adoption of a sustainable 

innovation, in this case adoption of smart energy systems. In Chapter 6 we discuss the main 

findings, the theoretical and practical implications of the research, and directions for future 

research.  
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1. Introduction 

Reducing fossil energy use and the emission of greenhouse gases is one of the major 

(environmental) challenges of the coming years. A key strategy is the transition to innovative 

products and services that use less energy or rely on renewable energy sources. Indeed, some 

promising sustainable innovations have been developed that can contribute to the reduction of 

fossil energy use and related emissions of greenhouse gases, including electric cars, led-

lighting, and local renewable energy production and distribution. The “environmental 

success” of these sustainable innovations largely depends on the extent to which they are 

accepted and adopted by consumers. But which characteristics of sustainable innovations 

determine their adoption? In this paper we introduce and test a conceptual model that 

proposes that the adoption of sustainable innovations depends on the evaluation of 

instrumental, environmental, and symbolic attributes of sustainable innovations. We first 

introduce our conceptual model, and next test whether the model can explain the adoption of 

two rather different types of sustainable innovations: electric cars and participation in local 

renewable energy initiatives.  

2.  The conceptual model 

2.1 Instrumental attributes of sustainable innovations 

Instrumental attributes reflect the functional (positive or negative) outcomes of ownership and 

use of a sustainable innovation (cf. Dittmar, 1992). Studies on product choice often focus on 

instrumental attributes. To illustrate, a review of eleven studies on factors influencing car 

choice revealed that studies typically exclusively focus on instrumental attributes, and 

revealed that consumers are more likely to choose a car when they perceive more instrumental 

advantages (such as purchase price, car weight and number of seats) (Heffner, 2007; Choo & 

Mokhtarian, 2002). Hence, it is often assumed that instrumental attributes are of key 

importance for the adoption of products, including sustainable innovations. Yet, sustainable 

innovations typically have less favorable instrumental attributes compared to their traditional 

(less sustainable) alternatives, which may inhibit their adoption. For instance, solar panels and 

windmills require substantial financial investments and are considered a less reliable source of 

energy because their energy production depends on weather conditions (Shah, 2011). 

Likewise, the limited range (Bunch et al., 1993; Nemry & Brons, 2010), high purchase price 

(Nemry & Brons, 2010) and concerns about a dead battery (Cheron & Zins, 1997) have often 

been suggested as important barriers for the adoption of electric cars. Also, Dutch consumers 
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named price and poor instrumental performance as the most important reasons for not willing 

to adopt an electric car (BMW, 2012). On the basis of this, it is often assumed that as long as 

electric cars have instrumental drawbacks compared to conventional, less sustainable cars, 

their wide-scale adoption is not likely. At best, electric cars will be purchased when they can 

be used in situations in which these instrumental drawbacks are less prominent, for example 

as a means of transport in inner cities (e.g. Meilhan, 2012). So both research and the public 

opinion suggest that consumers strongly focus on the instrumental attributes of a product or 

sustainable innovation, and that consumers’ negative evaluation of these instrumental 

attributes inhibit the adoption of sustainable innovations.  

But is this the complete picture? Does the adoption of a sustainable innovation indeed 

primarily depend on its perceived instrumental qualities, and does this inhibit the adoption of 

sustainable innovations? We argue that besides instrumental attributes, two other types of 

attributes are important for the adoption of sustainable innovations: environmental attributes 

and symbolic attributes (cf. Axsen and Kurani, 2012a). Hence, we propose that three distinct 

types of attributes may affect the adoption of sustainable innovations, each having a unique 

impact on consumers’ decisions. Importantly, environmental and symbolic attributes may 

promote rather than inhibit adoption of sustainable innovations, as we will explain below. 

2.2 Environmental attributes of sustainable innovations 

Environmental attributes reflect the (positive and negative) outcomes of the ownership and 

use of a sustainable innovation for the environment. Almost all products have, next to 

outcomes for the owner, also consequences for the quality of the environment (e.g., Axsen & 

Kurani, 2012a). Research has shown that protecting the environment is generally an important 

goal in people’s life. Moreover, individuals take environmental consequences into account 

when making choices (see De Groot & Steg, 2007; 2008; Steg, et al., 2012; Steg & De Groot, 

2012, for a review). However, in studies on motivations for pro-environmental behavior that 

include multiple attribute types predicting the behavior, results are more mixed: it seems that 

environmental attributes are sometimes less predictive of pro-environmental behavior than 

other attributes (such as instrumental attributes; Abrahamse & Steg, 2009; 2011; Bamberg & 

Schmidt, 2003; Poortinga, Steg & Vlek, 2004). 

Obviously, sustainable innovations have a less negative environmental impact than the 

alternatives they are supposed to replace. These favorable environmental attributes are likely 

to be important for consumers and may promote the adoption of sustainable innovations. 
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Indeed, there is some evidence to suggest that environmental attributes promote the adoption 

of sustainable innovations. For example, people who more strongly endorsed environmental 

values appeared to be more willing to adopt alternative fuel vehicles (Axsen & Kurani, 2012b; 

Jansson, Marell, & Nordlund, 2010), and more willing to use renewable energy (De Groot et 

al., 2012; Steg, Dreijerink, & Abrahamse, 2005; Van der Werff, Steg & Keizer, 2013). 

However, as yet, it is not clear how important environmental attributes are for adoption of 

sustainable innovations relative to other attributes, as most studies examined the importance 

of environmental attributes without controlling for instrumental or symbolic attributes. We 

aim to address this gap in the literature. 

2.3 Symbolic attributes of sustainable innovations 

Symbolic attributes reflect the (positive or negative) outcomes of the ownership and use of the 

sustainable innovation for one’s (self-)identity and social status. Theories and research in 

social psychology, sociology and marketing suggest that products have symbolic attributes 

that are likely to affect their purchase and use (e.g., Belk’s (1988) theory on the extended self; 

Dittmar’s (1992) theory on the meaning of material possessions; McCracken’s (1990) theory 

on symbolic character of consumer goods; Park et al.’s (1986) theory on brand concept 

management; Sirgy’s (1986) self-congruity theory). We are motivated to be seen by others in a 

positive way (Goffman, 1959), and also to see ourselves in a positive way (Belk, 1988; 

Dittmar, 1992; Giddens, 1991). We can shape a positive image of ourselves by purchasing and 

displaying products (Belk, 1981; Fennis & Pruyn, 2007). For example, designer clothing and 

caviar represent class and wealth, and their purchase signals good taste. Hence, the symbolic 

function of products is not limited to signaling our qualities to others, the products we possess 

shape our self-identity as well (Belk, 1988; Dittmar, 1992; Giddens, 1991). As we are 

motivated to see ourselves in a positive and consistent way, we prefer to own products that are 

congruent to how we do, or want to, see ourselves (Sirgy, 1985; 1986; Ericksen, 1997).  

Symbolic attributes may encourage the adoption of sustainable innovations, because they 

enable a person to signal their status and identity. For example, sustainable innovations can 

signal that one is a green person. That is, people can be motivated to adopt a sustainable 

innovation to appear green (i.e., to signal to other or self that they are a pro-environmental 

person). Please note that this is different from adopting a sustainable innovation because one 

aims to benefit the environment as such (i.e., because of positive environmental attributes), as 

we discussed in the previous section. Sustainable innovations may not only signal that one is a 
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green person, but may signal other aspects of a person as well. For example, research suggests 

sustainable innovations may signal one’s innovativeness (Brown & Venkatesh, 2005; 

Simonson and Nowlis, 2000; Vandecasteele & Geuens, 2010), one’s independence of oil 

producers, one’s intelligence, or simply signal one’s unique characteristics (Heffner, Kurani, 

& Turrentine, 2007). 

While many products can signal the owner’s status and identity, we argue that the signal 

ensuing from the adoption of sustainable innovations may be particularly strong. One 

important reason for this is that, as discussed above, sustainable products typically have 

instrumental drawbacks (e.g. a higher price, or less convenience). While these instrumental 

drawbacks may on the one hand inhibit adoption of sustainable innovations, such drawbacks 

could ironically at the same time stimulate adoption by making the symbolic attributes more 

impactful (Belk, 1981; Gneezy et al., 2012). For example, it was found that when people’s 

status motives were activated, green products were preferred over more luxurious non-green 

products, particularly when the green products were more expensive than their conventional 

counterparts (Griskevicius, Tybur, & Van den Bergh, 2010). It seems that the adoption of 

more expensive green products signals to others that you have the financial means that afford 

you to incur costs on behalf of others, thus boosting your status. Hence, the purchase of a 

green product is more likely to signal your status and identity when these products have 

somewhat poor instrumental attributes (e.g., when they are financially costly). We therefore 

predict that the positive symbolic attributes of sustainable innovations become more 

influential in stimulating adoption when such innovations are somewhat costly. Importantly, 

we propose that this is not only true for financial costs, as suggested by the studies reported 

above, but for behavioral costs in general. As argued earlier, the instrumental drawbacks of 

sustainable innovations are not limited to a higher purchase price, but can also include 

additional uncertainty, time, and effort. We propose that these instrumental drawbacks can 

increase the strength of the signal (cf. Miller’s (2009) costly signaling theory) and hence 

increase the importance of symbolic attributes for the adoption of sustainable innovations.   

2.4 How to detect the importance of symbolic attributes for the adoption of sustainable 

innovations? 

We argued in Section 2.3 that symbolic attributes can be an important factor for the adoption 

of sustainable innovations. If this is true, why is this not more commonly recognized? First, 

many studies did not ask consumers about relevant symbolic attributes of products, and 



 

 22 

therefore could not identify their importance (see Section 2.1). Second, when symbolic 

attributes are included in a study, respondents might indicate that these product attributes are 

not important to them, at least not when asked directly. For example, it was found that 

consumers rated status concerns as unimportant for their own purchase decisions, but 

simultaneously rated status as highly important for their neighbors’ purchase decisions 

(Johansson-Stenman & Martinsson, 2006). A possible explanation could be that consumers do 

not fully acknowledge that symbolic attributes affect their choices, as it may not be socially 

desirable to admit to having purchased a product to gain status or to see oneself in a more 

positive way. This suggests that more appropriate methods may be called for in order to detect 

the significance of symbolic attributes for adoption of sustainable innovations. Indeed, when 

people were explicitly asked to evaluate the attractiveness of various attributes of car use, they 

specifically mentioned instrumental (and not symbolic) attributes as highly attractive. 

However, when the research task was more ambiguous, respondents indicated that particularly 

symbolic attributes make car use attractive (Steg, Vlek, & Slotegraaf, 2001). Furthermore, 

consumers might not exactly know which attributes truly affect their choices. For example, 

when respondents were asked which reasons were important for them to conserve energy, they 

indicated that information on the conservation efforts of others (i.e. their neighbors) would 

hardly affect their energy conservation behavior. Yet such information had substantial impact 

on their intention to conserve energy (Nolan et al., 2008). Finally, instrumental and 

environmental attributes of sustainable innovations are widely discussed in the media, while 

symbolic attributes are rarely mentioned. Therefore, people might be biased towards the more 

communicated attributes when providing reasons that affect their adoption decisions. This 

indeed implies that more appropriate methods than simply directly asking people may be 

called for in order to detect the significance of symbolic attributes for adoption of sustainable 

innovations. 

3. The current study 

We hypothesized that evaluations of instrumental, environmental and symbolic attributes are 

important for the adoption of sustainable innovations, and uniquely contribute to the 

explanation of the adoption of sustainable innovations (see Figure 1). Extending previous 

research, we not only examined the importance of attributes separately, but also studied the 

relative importance of each attribute type for the adoption of sustainable innovations. 

Specifically, we examined the extent to which evaluations of each attribute type predicts 

adoption, when controlling for the other attribute types. In addition, we tested whether 
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positive evaluations of symbolic attributes will more strongly predict the adoption of 

sustainable innovations when people believe that sustainable innovations have some 

instrumental drawbacks (i.e., the interaction between symbolic and instrumental attributes).  

 

Figure 1: Conceptual model on motivations to adopt sustainable innovations. 

We tested the conceptual model depicted in Figure 1 in two questionnaire studies, focusing on 

the adoption of two different types of sustainable innovations: electric cars (Study 1) and 

renewable energy systems (Study 2). In both studies, we employed two different methods to 

examine the importance of the three types of attributes for the adoption of sustainable 

innovations.  First, we used a direct method to establish the importance of the three different 

attributes for the adoption of sustainable innovations. In this case, we directly asked people to 

what extent several instrumental, environmental, and symbolic product attributes were 

important for them when considering adopting a specific sustainable innovation. This 

approach is commonly used in (qualitative and quantitative) research on adoption of 

sustainable innovations. Second, we established the importance of the three different 

attributes for the adoption of sustainable innovations in an indirect way, to meet the concerns 

raised in Section 2.4 (i.e., people may not be aware of their true motivations or not be willing 

to acknowledge them), and to examine the relative importance of each of the three attributes 

for adoption, when controlling for the impact of the other attributes. The indirect method 

involved that we tested the extent to which evaluations of instrumental, environmental and 

symbolic attributes predicted the adoption of sustainable innovations. If consumers truly care 

about certain attributes, this should be reflected in stronger associations between the 

evaluation of the particular attribute and adoption, when the effects of other attributes are 
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controlled for. The higher the predictive power of the evaluation of an attribute, the more 

important the relevant attribute is for the adoption of sustainable innovations (relative to the 

other attributes). To summarize, the direct method reflects a direct assessment of the 

importance of attributes for the adoption of a sustainable innovation, while the indirect 

methods involves that we assess the importance of attributes on the basis of how well 

evaluations of these attributes uniquely predict adoption of the relevant sustainable 

innovation. 

The adoption of innovations comprises of different stages (e.g. Palda, 1966; Rogers, 2003). 

Therefore, we included different indicators of adoption: interest in the sustainable innovation; 

the intention to adopt the sustainable innovation; and the acceptability of sustainable 

innovations (the latter was only included in Study 2). Hence, we not only measured the 

intention to adopt, but also the preceding stages of interest in and acceptability of sustainable 

innovations. For our first study, we chose a sustainable innovation in a product category that 

is known for its symbolic connotations and high conspicuousness: an electric car 

(Gatersleben, 2007; Heffner et al., 2007; Shove & Warde, 2002). However, many 

environmental behaviors, such as energy consumption, are inconspicuous by nature, making 

them less prone to social signaling motives (Shove & Warde, 2002). Therefore, in our second 

study, we tested whether evaluations of the three types of attributes predicted the adoption of 

a less visible sustainable innovation as well: participating in a local energy company that 

supplies renewable energy. We expected that such inconspicuous choices could still be 

influenced by symbolic considerations, given that consumers are also motived by positive 

self-signals. Thus, the first study focuses on a conspicuous sustainable product while the 

second study focuses on a less conspicuous sustainable service. 

4. Study 1: Electric car 

4.1 Method 

4.1.1 Participants and procedure 

Questionnaires were distributed door-to-door in the city of Groningen, a medium-large city in 

the North of The Netherlands. About 60% of the people contacted agreed to participate. They 

were handed a questionnaire and were told that the study was on ‘developments in the 

automobile industry’, as we did not want to reveal the exact purpose of the study to prevent 

socially desirable answers. The questionnaires were recollected at people’s homes upon 



 

 25 

appointment, during which participants were debriefed. In total, 109 people participated in the 

study. Four questionnaires were removed from the dataset because they were filled out poorly: 

more than 25% of the answers were missing, indicating that these participants did not take the 

study seriously. The final sample comprised 105 participants (53% male). The mean age was 

45 (SD = 13.0). The level of income and education of the sample was slightly higher than the 

Dutch average (CBS, 2012), but appeared to be comparable to that of Dutch car owners (CBS, 

2007). Almost all participants had a driver’s license (95%) and 86% had access to one or more 

cars. 

4.1.2 Measures 

Direct method. In the direct method, we directly asked respondents to indicate the importance 

of instrumental, environmental and symbolic attributes for the adoption of electric cars; this 

reflects the importance of attributes as such. More specifically, participants were asked to rate 

the importance of a set of instrumental, environmental and symbolic attributes of cars on a 6-

point scale, ranging from “totally not important” to “very important”. Half of the participants 

(N = 52) indicated how important these attributes would be for them when considering buying 

a full electric car (e.g. “I find it important that the electric car enhances my social status”). We 

did not give detailed specifications of the full electric car as we were interested in perceptions 

of the relevant attributes. Although these perceptions may not reflect actual outcomes, the 

perceptions of outcomes, rather than objective outcomes, eventually affect electric car 

adoption. The other half of the participants (N = 53) indicated how important these attributes 

would be for them if they were considering buying a car in general. The results of the latter 

group will not be discussed here because they are not relevant for the purpose of the present 

paper. Note that we did not find significant differences between these two groups in their 

responses to the key variables included in our study. 

We carefully selected 22 car attributes reflecting instrumental, environmental, and symbolic 

attributes, on the basis of prior research (Dittmar, 1992; Steg, Vlek, & Slotegraaf, 2001; Steg, 

2005; Vrkljan & Anaby, 2011), and discussions on (electric) cars in reviews and internet 

forums (e.g., autoweek.nl). Some participants failed to fill out all items included in a specific 

attribute scale, and were consequently excluded from the relevant analyses. Eleven 

instrumental attributes reflected the functional costs and benefits of the electric car, such as 

“comfortable”, “affordable”, and “the ability to drive long distances without interruptions”. 

The eleven items formed a reliable scale (Cronbach’s α = .91), so we computed the mean 
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score for items included in this scale (M = 4.67, SD = .91). Three environmental attributes, 

which reflect the impact of electric cars on the environment, were included in the 

questionnaire, such as “low CO2 emissions” and “environmentally-friendly”. These items also 

formed a reliable scale, so we computed mean scores (M = 4.92, SD = 1.24, Cronbach’s α = 

.87). Finally, we included eight symbolic attributes, which reflect the impact of the electric car 

on self-identity and social status, such as “the electric car shows who I am” and “the electric 

car enhances my social status”. Again, we computed the mean scores for these items as they 

formed a reliable scale (M = 2.27, SD = .93, Cronbach’s α = .90). The 22 items were placed in 

random order.  

Indirect method. In the indirect method, the importance of attributes was established by 

examining how well evaluations of the three types of attributes of electric cars uniquely 

predict different indicators of electric car adoption. For this purpose, all participants first 

evaluated the likelihood that a ‘typical’ full electric car would have the 22 instrumental, 

environmental and symbolic attributes mentioned above. Again, we did not give a detailed 

specification of the electric car. Respondents were asked to indicate to what extent they 

agreed that a typical full electric car would have the given attributes (e.g. “An electric car 

enhances my social status”). Items were placed in a random order; responses were given on a 

6-point scale, varying from “totally disagree” to “totally agree”. All scales showed good 

reliability, so we computed the mean scores for participants’ evaluations of the instrumental, 

environmental, and symbolic attributes, respectively. Overall, participants evaluated the 

environmental attributes of a typical full electric car positively (M = 5.16, SD = 1.01, 

Cronbach’s α = .79), the instrumental attributes slightly positively (M = 3.68, SD = .82, 

Cronbach’s α = .83), while they evaluated the symbolic attributes rather negatively (M = 2.73, 

SD = 1.10, Cronbach’s α = .90). 

To assess the relationship between the evaluation of attributes of the electric car and different 

indicators of the adoption of electric cars, we included two indicators of adoption. Interest in 

an electric car was measured with the statement “I am interested in an electric car” (M = 3.06, 

SD = 1.51). Responses were given on a 6-point scale, ranging from “totally disagree” to 

“totally agree”. Buying intention was assessed with two items. First, we asked participants 

how likely it is that they would consider an electric car in their next car purchase. Answers 

were given on an 11-point scale varying from “0% - not likely at all” to “100% - definitely” 

(M = 3.55, SD = 2.89). Second, participants rated to what extent they agreed with the 

statement “I will never buy an electric car” on a 6-point scale ranging from “totally disagree” 
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to “totally agree”. Responses to this last item were reverse-coded, so that higher scores 

reflected a stronger intention to buy an electric car (M = 4.34, SD = 1.51). We standardized 

the scores on both items and computed a composite intention-scale (r = .47).  

4.2 Results 

Direct method. When participants were asked directly how important the attributes are for 

adopting an electric car, they rated the instrumental (M = 4.67, SD = .91) and environmental 

attributes (M = 4.92, SD = 1.24) as significantly more important than the symbolic attributes 

(M = 2.27, SD = .93); see Figure 2.  

 

Figure 2: Means and 95% Confidence Intervals of Importance Ratings of Electric Car 

Attributes (N = 48) 

Correlations. Table 1 shows bivariate relationships between the evaluations of the three 

attributes and the adoption indicators, which reflect the extent to which the evaluations of the 

attributes are related to adoption indicators. Most correlations were significant and positive: 

more positively evaluations of the attributes of electric cars were associated with a stronger 

interest in electric cars (although evaluations of instrumental attributes were not significantly 

related to interest), and with stronger intentions to adopt an electric car. Furthermore, 

evaluations of the different attributes of electric cars correlated only moderately positively, 

indicating that these questions tap into theoretically and psychologically distinct concepts. 

This finding implies that respondents who attach more importance to the symbolic outcomes 

of an electric car do not necessarily also attach more importance to instrumental or 

environmental outcomes of the car. Also, not surprisingly, the adoption indicators were 
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correlated positively: the more participants were interested in electric cars, the stronger their 

intention to buy one. 

    

Table 1: Bivariate Correlations between Evaluations of Attributes and Adoption of Electric Car
a
. 

 

Indirect method. Finally, we examined to what extent the evaluation of instrumental, symbolic 

and environmental attributes uniquely predicted adoption of electric cars. The more an 

attribute contributes to the explanation of variance in adoption, the more important that 

attribute is for the adoption of electric cars (relative to the other attributes). First, we regressed 

the interest in an electric car on the evaluations of its instrumental, environmental and 

symbolic attributes, and the interaction between the evaluations of instrumental and symbolic 

attributes. Before doing so, scores on the attribute scales were centered (by subtracting the 

scale mean-score from individual scores on the scale, see Aiken and West, 1991) to facilitate 

the interpretation of the results. As expected, the more participants believed that electric cars 

have positive symbolic and environmental attributes, the more they were interested in electric 

cars (see Table 2). Interestingly, the evaluation of the instrumental attributes of electric cars 

only had a marginally significant negative relationship with interest in electric cars when the 

evaluations of the other attributes were controlled for, suggesting that the evaluation of the 

instrumental attributes is not an important unique predictor of interest in full electric cars. As 

expected, the interaction between the evaluations of instrumental and symbolic attributes was 

a significant predictor of interest in electric cars. To further explore this interaction, we 

conducted a simple slopes analysis (see Aiken and West, 1991). Figure 3 reveals that 

evaluations of the symbolic attributes of an electric car significantly enhanced interest in 

electric cars when participants evaluated the instrumental attributes of electric cars relatively 

 Instrumental Environmental Symbolic Interest  

Environmental .37**     

Symbolic .21* .31**    

Interest .01 .27** .29**   

Buying intention .25* .40** .45** .69**  

*  p < .05  

**  p < .01 

a                Number of participants included in analysis differs per bivariate correlation due to missing values, N is between 92 and 102 
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negatively (β = .47, t(86) = 3.40, p = .001), but not when they evaluated the instrumental 

attributes relatively positively (β = .11, t(86) = n.s.). This suggests that a positive evaluation of 

symbolic attributes particularly promoted interest in electric cars when participants believed 

that electric cars have somewhat poor instrumental outcomes. 

 

Figure 3: Relationship between Evaluations of Symbolic Attributes and Interest in Electric 

Cars for Groups with Relatively Negative versus Relatively Positive Evaluations of 

Instrumental Attributes of Electric Cars 

 

Table 2: Regression of Indicators of Adoption on Evaluations of the Instrumental, 

Environmental and Symbolic Attributes of Electric Cars 

  R
2
 F df β t p 

DV: Interest  .21 5.58 4,86 < .001 

Evaluation of Instrumental attributes -.18 -1.75 .085 

Evaluation of Environmental attributes .22 2.03 .045 

Evaluation of Symbolic attributes .29 2.75 .007 

Interaction term Instrumental and Symbolic attributes -.26 -2.62 .010 

DV: Buying intentions .29 8.76 4,88 < .001 

Evaluation of Instrumental attributes .08 0.83 .406 

Evaluation of Environmental attributes .27 2.64 .010 

Evaluation of Symbolic attributes .34 3.40 .001 

Interaction term Instrumental and Symbolic attributes       .01 0.06 .953 
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Second, we performed the same analyses with buying intention as the dependent variable. 

Results showed that more favorable evaluations of the environmental and symbolic attributes 

of electric cars were associated with stronger intentions to buy an electric car, while 

evaluations of instrumental attributes did not significantly affect buying intentions when the 

evaluations of the other attributes were controlled for (see Table 2). The interaction term was 

not significant, meaning that the strength of the relationship between evaluations of symbolic 

attributes and intention to buy the electric car did not depend on the evaluation of the 

instrumental attributes of electric cars.  

4.3 Discussion  

As expected, both the indirect and direct method revealed that environmental attributes are 

important for the adoption of electric cars. Furthermore, the indirect method revealed a 

significant positive relationship between evaluations of the symbolic attributes of an electric 

car and both interest in electric cars and buying intention, suggesting that favorable 

evaluations of symbolic attributes indeed enhance adoption. Yet, when asked directly, 

participants evaluated the symbolic attributes of electric cars as not very important. When 

asked directly, participants indicated that instrumental attributes of electric cars are important 

to them. Interestingly however, although the evaluation of the instrumental attributes 

correlated weakly with buying intention (but not with interest), the evaluation of the 

instrumental attributes did not significantly predict buying intention and only had a 

marginally significant negative relationship with interest in electric cars when the evaluations 

of the other attributes were controlled for. Hence, the indirect method suggests that 

instrumental attributes are less important for adoption decisions than the environmental and 

symbolic attributes. The interaction between symbolic and instrumental attributes only 

predicted interest in electric cars. As expected, favorable evaluations of symbolic attributes 

particularly enhanced interest in electric cars when participants evaluated the instrumental 

attributes more negatively, but not when instrumental attributes were evaluated relatively 

positively. However, we did not find this interaction effect for the intention to buy an electric 

car. 

  



 

 31 

5. Study 2: Local renewable energy systems 

5.1 Method 

5.1.1 Participants and procedure 

Questionnaires were distributed in public places (e.g. trains) in the western part of the 

Netherlands. An interviewer approached people and asked if they were willing to participate 

in the study. In total, 143 people filled out the questionnaire on the spot, of which 65 were 

men and 73 were women; 5 participants did not specify their gender. The mean age was 39 

(SD = 19.2). The level of education was somewhat higher than the Dutch average. The 

distribution of income in the sample was similar to the Dutch population, although the lower 

and higher income levels were somewhat overrepresented (CBS, 2012). 

5.1.2 Measures 

Direct method. In the direct method, participants were asked to rate the importance of various 

instrumental, environmental and symbolic attributes of local energy systems on a 7-point 

scale, ranging from “totally not important” to “very important”. Half of the participants (N = 

73) were asked how important these attributes would be for them if they were considering 

making use of local energy systems. The other half (N = 70) of the participants indicated how 

important these attributes would be for them if they were considering making use of energy 

systems in general. The results of the latter group will not be discussed here because they are 

not relevant for the purpose of the present paper. As in Study 1, we found no differences 

between these two groups in their responses to the other questions. 

Local energy systems were introduced to participants as a relatively new means of production 

and distribution of renewable energy at a local level. We indicated that the main energy 

sources in a local energy system are wind, solar, and geothermal energy. As in Study 1, we did 

not give a detailed description of local energy systems as we are interested in people’s 

perceptions of local renewable energy systems. Participants rated the importance of thirteen 

attributes, which were selected on the basis of prior research (Bergmann, Hanley, & Wright, 

2006; Gerpott & Mahmudova, 2010) and expert opinions (e.g. Shah, 2011). Some participants 

failed to fill out all items included in a scale, and were consequently excluded from the 

relevant analyses. The three scales showed good reliability, so we computed mean scores on 

the items included in each scale. Six items reflected instrumental attributes of local energy 

systems, for example price, time and effort it costs to make use of local energy, comfort, and 
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blackouts and malfunctions (M = 4.83, SD = .98, Cronbach’s α = .80). Three environmental 

attributes were included, such as CO2 emissions and environmental quality (M = 4.84, SD = 

1.20, Cronbach’s α = .83). Finally, we included four symbolic attributes, such as “the use of 

local energy shows who I am”, and “the use of local energy gives me the opportunity to 

distinguish myself from others” (M = 3.09, SD = 1.40, Cronbach’s α = .91).  

Indirect method. Next, all participants evaluated local energy systems on the same 13 

attributes. More specifically, participants indicated to what extent they evaluated instrumental, 

environmental, and symbolic consequences of local energy systems positively or negatively 

(from -5 very negative to 5 very positive, with 0 neither negative nor positive). Negatively 

framed questions were reverse-coded before computing mean scores of items included in each 

attribute scale, so that higher scores reflected more positive evaluations of the attributes. The 

scales of the environmental (M = .93, SD = 1.46, Cronbach’s α = .73) and symbolic attributes 

showed good reliability (M = -.13, SD = 1.92, Cronbach’s α = .88), while the reliability of the 

instrumental attributes scale (M = -.43, SD = 1.11, Cronbach’s α = .62) was lower yet 

acceptable. On average, environmental attributes were evaluated positively, while 

instrumental and symbolic attributes were evaluated slightly negatively.  

We included three different indicators of adoption: interest in and intention to use local energy 

systems (also included in Study 1), and the acceptability of local energy systems (reflecting a 

positive attitude towards adoption). The level of interest in using local energy systems was 

measured with the statement “I am interested in local energy systems” (M = 3.74; SD = 1.56).  

Intention was measured by the statement “I am definitely going to make use of a local energy 

system” (M = 3.91; SD = 1.49). Responses to both questions were given on a 7-point scale, 

ranging from “totally disagree” to “totally agree”. We included two items to measure 

acceptability of local energy systems. First, participants were asked to what extent they were 

in favor of local energy systems when considering its advantages and disadvantages. Answers 

were given op an 11-point scale varying from -5 “I am very much against local energy 

systems” to 5 “I am very much in favor of local energy systems” (M = 1.12, SD = 1.83). 

Second, participants indicated to what extent they agreed with the statement “I am in favor of 

a transition from centralized energy systems towards local energy systems” (M = 3.89, SD = 

1.52) on a 7-point scale, ranging from “totally disagree” to “totally agree”. Responses on both 

items were standardized before averaging them into an acceptability-scale (M = .00, SD = .90, 

r = .62).  
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5.2 Results 

Direct method. As in Study 1, the direct method revealed that participants rated the 

instrumental (M = 4.83, SD = .98) and environmental (M = 4.84, SD = 1.20) attributes of 

local energy systems as significantly more important than the symbolic attributes (M = 3.09, 

SD = 1.40, see Figure 4).   

 

Figure 4: Means and 95% Confidence intervals of Importance Ratings of Local Energy 

System Attributes (N = 68) 

 

Correlations. Evaluations of the symbolic and environmental attributes were positively 

related with acceptability of, interest in, and intention to use local energy systems, while the 

evaluations of the instrumental attributes of local energy system only correlated weakly with 

 

 Instrumental Environmental Symbolic Acceptability Interest  

Environmental .05      

Symbolic .19* .34**     

Acceptability .19* .54** .48**    

Interest .01 .49** .46** .66**   

Intention .09 .41** .36** .66** .64**  

* p < .05  

**  p < .01 

a                Number of participants included in analysis differs per bivariate correlation due to missing values, N is between 125 and 139 

Table 3: Bivariate Correlations between Evaluation of Attributes and Adoption of Local 

Energy Systemsa 
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acceptability of local energy, and not significantly with interest in and intention to use local 

energy systems. So as in Study 1, more positive evaluations of symbolic and environmental 

attributes enhanced adoption, while evaluations of instrumental attributes were less strongly 

or even not significantly related to different indicators of adoption. Correlations between 

different evaluations of attributes of local energy systems were again moderate or even not 

significant (see Table 3), suggesting that they indeed reflect different attributes of local 

energy systems. As in Study 1, we found strong positive relationships between the three 

indicators of adoption. 

Indirect method. To establish the relative importance of the three types of attributes for 

adoption of local  energy systems, we first regressed acceptability of local energy systems on 

the evaluations of the instrumental, environmental and symbolic attributes, and the interaction 

between the evaluations of the instrumental and symbolic attributes (similar as in Study 1). 

Results showed that the more positive participants’ evaluation of environmental and symbolic 

attributes of local energy systems, the more acceptable they found these systems (see Table 4). 

The evaluations of the instrumental attributes did not contribute significantly to the 

explanation of the acceptability of local energy systems, but the interaction between 

evaluations of instrumental and symbolic attributes was marginally significant. Simple slopes 

analysis revealed that symbolic attributes did not significantly predict acceptability of local 

energy systems (β = .14, t(116) = 1.00, n.s.) when participants evaluated the instrumental 

attributes of local energy systems relatively positively. However, the evaluation of symbolic 

attributes was positively related to acceptability of local energy systems when participants 

believed that these systems had relatively weak instrumental attributes (β = .39, t(116) = 4.52, 

p < .001; see Figure 5).  

Second, we conducted the same regression analysis with interest in local energy as the 

dependent variable. Results revealed that the more positive participants evaluated the 

environmental and symbolic attributes of local energy systems, the higher their interest in 

these systems (see Table 4). The evaluations of the instrumental attributes did not significantly 

contribute to the explanation of interest in local energy systems when the other attributes were 

controlled for. Again, the interaction between evaluations of the instrumental and symbolic 

attributes had a marginally significant effect on the explanation of interest in local energy 

systems. 
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Table 4: Regression of Indicators of Adoption on Evaluations of the Instrumental, 

Environmental and Symbolic Attributes of Local Energy Systems. 

  R
2
 F df β t p 

DV: Acceptability .40 19.18 4,116 < .001 

Evaluation of Instrumental attributes .10 1.41 .163 

Evaluation of Environmental attributes .40 5.23 .000 

Evaluation of Symbolic attributes .27 3.14 .002 

Interaction term Instrumental and Symbolic attributes -.14 -1.66 .100 

DV: Interest .35 16.95 4,124 < .001 

Evaluation of Instrumental attributes -.09 -1.18 .239 

Evaluation of Environmental attributes .38 4.90 < .001 

Evaluation of Symbolic attributes .25 2.83 .005 

Interaction term Instrumental and Symbolic attributes -.16 -1.84 .068 

DV: Intention to use .21 8.12 4,125 < .001 

Evaluation of Instrumental attributes .04 .52 .603 

Evaluation of Environmental attributes .29 3.38 .001 

Evaluation of Symbolic attributes .22 2.34 .021 

Interaction term Instrumental and Symbolic attributes       -.07 -.79 .430 

 

Figure 5: Relationship between Evaluations of Symbolic Attributes and Acceptability of Local 

Energy for Groups with Relatively Negative versus Relatively Positive Evaluations of 

Instrumental Attributes of Local Energy 

Simple slopes analysis revealed that symbolic attributes did not significantly predict interest 

in local energy systems when participants evaluated the instrumental attributes of local energy 

systems relatively positively (β = .10, t(124) = .70, n.s.). However, as expected, positive 

evaluation of symbolic attributes promoted interest when participants evaluated the 
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instrumental attributes of local energy systems relatively negatively (β = .40, t(124) = 4.66, p 

< .001; see Figure 6). 

Third, we performed the same regression analysis with intention to use local energy systems 

as the dependent variable. The more positively participants evaluated the environmental and 

symbolic attributes, the higher their intention to use local energy (see Table 4). Neither 

evaluations of the instrumental attributes of local energy systems nor the interaction between 

evaluations of instrumental and symbolic attributes contributed significantly to the model. 

 

Figure 6: Relationship between Evaluations of Symbolic Attributes and Interest in Local 

Energy for Groups with Relatively Negative versus Relatively Positive Evaluations of 

Instrumental Attributes of Local Energy 

5.3 Discussion  

The results of Study 2 were similar to the results of Study 1. Again, both the indirect and 

direct method revealed that positive environmental attributes enhance the adoption of local 

energy. Moreover, when asked directly, participants evaluated the symbolic attributes of local 

energy systems as less important than the instrumental and environmental attributes. 

However, as expected, the indirect method revealed that respondents were more likely to 

adopt local energy systems when they evaluated its symbolic attributes positively. These 

results suggest that the signaling function of sustainable innovations is indeed not limited to 

conspicuous products, but also holds for inconspicuous services. Again, as in Study 1, 

respondents rated the instrumental attributes of local energy systems as important. Yet, as with 

electric cars, evaluations of the instrumental attributes of local energy systems did not predict 

interest in, intention to use and acceptability of local energy systems when the other variables 

were controlled for. Also, correlations between instrumental attributes and adoption indicators 
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were weak. Hence, the indirect method again suggests that evaluations of instrumental 

attributes are relatively less important for adoption than are evaluations of environmental and 

symbolic attributes. Finally, for both interest in and acceptability of local energy systems, the 

effect of the evaluation of symbolic attributes was moderated by participants’ evaluations of 

the instrumental attributes. As expected, positive evaluations of symbolic attributes 

significantly increased interest in and acceptability of local energy systems when people 

evaluated instrumental aspects of these systems relatively poorly, but not when the 

instrumental attributes were evaluated relatively positively. Yet, these moderating effects were 

only marginally significant, and the interaction effect was not significant for intention to use 

local energy.  

6. General Discussion 

This paper introduced and tested a conceptual model, which proposes that the adoption of 

sustainable innovations depends on the evaluation of instrumental (i.e. functional outcomes), 

environmental (i.e. the impact on the environment) and symbolic attributes (i.e. the impact on 

self-identity and social status) of such innovations. We tested the perceived importance of 

these three attribute types for the adoption of two different sustainable innovations, the 

electric car and the use of local energy system, following two different methods.  

The results of the two studies indicated that the adoption of sustainable innovations is indeed 

driven by the evaluation of its environmental attributes. On average, respondents believed that 

both sustainable innovations were beneficial to the environment. More importantly, we found 

positive relationships between evaluations of the environmental attributes of sustainable 

innovations and the adoption indicators when evaluations of the other attributes were 

controlled for. This suggests that people are motivated to adopt sustainable innovations 

because of its environmental benefits, and that this effect is independent of image 

considerations. This finding is in line with previous research suggesting that people engage in 

pro-environmental actions because they aim to benefit the environment (Steg and De Groot, 

2012, for a review), and extends this research by showing that environmental attributes are 

also important predictors of the adoption of sustainable innovations. 

The results further suggest that, as expected, symbolic attributes were important for adopting 

sustainable innovations: the more people think that adopting a sustainable innovation has 

positive outcomes for their self-identity and social status, the more likely they are to adopt 

sustainable innovations. As expected, the evaluation of symbolic attributes proved to be a 
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significant predictor of all adoption indicators when evaluations of other attributes were 

controlled for. Furthermore, evaluations of symbolic attributes not only predicted the adoption 

of the electric car, but also to the adoption of the less conspicuous local renewable energy 

system. Apparently, symbolic attributes are also important predictors of the adoption of 

inconspicuous sustainable innovations that are less suitable to signal one’s status or identity to 

others. This finding suggests that symbolic attributes are indeed not only important for the 

adoption of sustainable innovations because of their potential to signal our status or identity to 

others (Griskevicius, et al., 2010) but also because of their potential to signal to the self (e.g., 

Belk, 1988; Giddens, 1991; Sirgy, 1986). This finding may have broader implications, as the 

same is likely to be true for many other products, and not only for sustainable innovations. 

Results from the indirect method suggest that evaluations of symbolic attributes were an 

important predictor of the different indicators of adoption for both sustainable innovations. 

Yet, when asked directly participants indicated that symbolic attributes would not be 

important for them when they would consider the adoption of sustainable innovations. It 

seems that people do not recognize the true causes of their behavior (cf. Nolan, et al., 2008); 

they may not fully know or want to acknowledge that they buy and use sustainable 

innovations in order to show off or to feel good about themselves. Rather, people stress 

instrumental and environmental attributes of sustainable innovations (see also Steg & Vlek, 

1997; Tertoolen, Van Kreveld, & Verstraten, 1998). Our indirect method, in which we studied 

how well different product attributes predicted adoption, appeared to be less susceptible to 

socially desirable answers or lack of awareness of one’s true motivations (cf., Steg, 2005). 

Future research should study whether this is a general phenomenon, or whether the tendency 

to underestimate the significance of symbolic motivations is subject to individual or cultural 

differences. 

When asked directly, participants tended to rate instrumental attributes as very important. This 

is in line with findings from previous studies employing similar methods to assess the 

importance of attributes of sustainable innovations (e.g. Deloitte, 2010; Steinhilbera, Wells, & 

Thankappanc, 2013; Zhang, Shen, & Chan, 2012). However, the indirect method revealed that 

the evaluation of instrumental attributes was only weakly and sometimes even not 

significantly correlated with the different indicators of adoption, and more importantly, the 

evaluation of the instrumental attributes did not significantly predict the different indicators of 

adoption when evaluations of environmental attributes and symbolic attributes were 

controlled for. Hence, results of the indirect method suggest that instrumental attributes are 
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less important for adopting sustainable innovations than often assumed. This is an important 

finding that should be further explored in future research. 

Overall, our results suggest that having the highest standard of instrumental attributes may be 

less important for the uptake of sustainable innovations than is often assumed, and that 

environmental and symbolic attributes are important as well, or even more important to 

enhance the adoption of sustainable innovations. Our results even suggest that symbolic 

attributes particularly promote the adoption of sustainable innovations when people evaluated 

the instrumental attributes of sustainable innovations relatively negatively. However, we only 

found this pattern of results for the interest in and acceptability of sustainable innovations but 

not for the intention to adopt sustainable innovations; the former are more distant indicators of 

adoption than intentions. Future research is needed to study the interaction between 

evaluations of instrumental and symbolic attributes in more depth, and explore under which 

conditions poor instrumental attributes may increase the significance of symbolic attributes 

for adoption of sustainable innovations. For instance, we expect that poor instrumental 

performance will not always boost the symbolic motive for adopting sustainable innovations. 

Indeed, it is likely that instrumental attributes do have to meet certain minimum standards to 

satisfy basic consumer needs. For instance, an electric car that can only drive two kilometers 

per charge would not be very functional, and in this case, it is not likely that the positive 

symbolic attributes will promote adoption. Possibly, the instrumental attributes should be 

good enough (for example, an electric car with a range of 120 kilometers) before a sustainable 

innovation with some instrumental drawbacks can be appealing for some groups of 

consumers. Future research could also test our model for actual adoption of sustainable 

innovations, and investigate whether actual adoption increases when people evaluate 

instrumental attributes somewhat negatively, or whether the effect is limited to less committed 

statements like interest in and acceptability of sustainable innovations. 

Another important question that was not addressed in our study is why sustainable 

innovations may have positive symbolic attributes. What exactly is signaled with the use of 

sustainable innovations? Our research did not aim to address this question. Yet, our results 

suggest that sustainable innovations not only signal one’s pro-environmental attitudes or 

values, as symbolic and environmental attributes both uniquely predicted adoption, suggesting 

that they reflect independent motivations for adoption. Many other aspects can be signaled as 

well, such as one’s innovativeness, knowledge or status. Future research could examine this 

further, and study individual differences in the extent to which specific symbolic attributes are 
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important for the adoption of sustainable innovations. For instance, sustainable innovations 

may symbolize a ‘green image’ for people who endorse environmental values (Steg & De 

Groot, 2012) or “sustainability-oriented” values (Axsen & Kurani, 2012b), while they may 

symbolize innovativeness or uniqueness for people who are keen to be early adopters 

(Vandecasteele & Geuens, 2010). 

Policies to enhance the acceptability and uptake of sustainable innovations pay much attention 

to the instrumental attributes of sustainable innovations. Typical communication campaigns 

tend to downplay possible instrumental shortcomings. This is not surprising because the 

majority of the public says and thinks that instrumental attributes will affect their adoption 

decision most (see also the results of the direct method we employed in our studies). 

However, our research (in particular the indirect method) suggests that this might not always 

be the most effective strategy. Stressing the symbolic and environmental attributes of 

sustainable innovations could be an important additional or even alternative strategy, 

especially in the first stages of adoption when the instrumental drawbacks of sustainable 

innovations are not easily eliminated in the short run. For example, battery technology and 

charging technology for electric cars and energy production efficiency for local energy 

systems will not improve overnight. Sustainable innovations are also more likely to be used 

for their symbolic value in the early adoption phases, as people can more distinctively signal 

their personal qualities when products are not owned by the masses (cf. Berger and Heath, 

2007). As for the detection of symbolic motivations, targeting symbolic attributes might need 

subtle and indirect methods as well. Lessons can possibly be drawn from promotion strategies 

of high-status and innovative brands. Taken together, the success of the adoption of 

sustainable innovations is most likely preceded by the recognition of the importance of 

symbolic and environmental motives for adopting sustainable innovations.  
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Chapter 3 has been published as Noppers, E. H., Keizer, K., Bockarjova, M., & Steg, L. 

(2015). The adoption of sustainable innovations: The role of instrumental, environmental, and 

symbolic attributes for earlier and later adopters. Journal of Environmental Psychology, 44, 

74-84.  
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1. Introduction 

Technological developments have brought us products and services that have a relatively low 

impact on the environment. For example, electric cars have no tailpipe emissions, energy-

efficient appliances use less energy, and solar panels reduce CO2 emissions. These sustainable 

innovations can help mitigating environmental problems. Many governments and 

environmental interest groups therefore aim to encourage the adoption of sustainable 

innovations. Yet, sustainable innovations will only realize their full potential if individual 

consumers are interested in adopting these innovations.  

The introduction stage, where the product is relatively new on the consumer market and only 

few people have yet adopted it, is crucial for the uptake of sustainable innovations. At this 

stage it is ’do or die’ for innovations: they will either be adopted by a first small group of 

people which can eventually result in adoption by a ‘critical mass’, or they will hardly be 

adopted by consumers and perish (Rogers, 1962, 2003). When consumers show interest in a 

sustainable innovation and the sustainable innovation is adopted by a considerably large 

group of consumers at the early stages of its introduction, producers are more likely to be 

positive about its market potential. As a result, production numbers may increase and benefit 

from economies of scale, ultimately lowering production costs per unit.  Furthermore, because 

of the more prosperous prospects, producers are likely to be more willing to invest in the 

further development of the innovation and its infrastructure, which will enhance their 

attractiveness (cf. Rogers, 2003). Having a first group of consumers purchasing and using 

innovations is thus essential not only for the initial uptake of innovations, but also for the 

further diffusion of the innovation. It is therefore important to understand what motivates 

consumers to adopt sustainable innovations at the early introduction stage.  

A typical example of a sustainable innovation at its early introduction stage is the full battery 

electric car, which was recently introduced on the consumer market and is still owned by very 

few people. To illustrate, in 2013 sales of full battery electric cars were under 1% of the total 

consumer cars sold in 2013 in most countries, for instance 0,7% in the Netherlands  (RAI, 

2013), 0.8% in France, 0.3% in  the USA, 0.2% in Germany, and 0.1% in the UK (Shahan, 

2014). Norway has a relatively high percentage of full battery electric cars sold (5.8%, 

Shanan, 2014), which is however still a small share of total cars sold. How do consumers 

evaluate electric cars and how does this affect their likelihood to adopt an electric car at this 

crucial early introduction stage? More importantly, do consumers who might consider 
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adopting an electric car at the early introduction stage differ in their motivations to adopt an 

electric car from consumers who consider adopting an electric car at later stages? To answer 

these questions we will first discuss which attributes of an electric car might influence its 

adoption. Second, we discuss how we can identify consumers who are more likely to consider 

adopting an electric car at earlier stages (i.e. “earlier adopters”) and consumers who only 

might consider adopting an electric car at later stages (i.e. “later adopters”). Next, we examine 

whether the evaluations of the attributes of an electric car and the impact of these evaluations 

on adoption likelihood is influenced by the extent to which a consumer is a potential earlier or 

later adopter, which could give important insights for how to effectively market sustainable 

innovations, particularly at the early introduction stage.  

1.1 Attributes of sustainable innovations 

Research revealed that three types of attributes are particularly important for the adoption of 

sustainable innovations: instrumental, environmental, and symbolic attributes. Instrumental 

attributes reflect the perceived functional outcomes of ownership and use of a sustainable 

innovation (Dittmar, 1992; Noppers et al., 2014). For example, full battery electric cars have a 

limited driving range due to its battery. Environmental attributes reflect the perceived 

outcomes of owning and using a sustainable innovation for the environment (Noppers et al., 

2014). For example, no harmful gases or particles are emitted while driving an electric car. 

Symbolic attributes of sustainable innovations reflect the perceived outcomes of the 

ownership and use of the sustainable innovation for one’s (self-)identity and social status 

(Dittmar, 1992; Noppers et al., 2014, Schuitema et al., 2012; Sirgy, 1986). For example, 

owning an electric car can signal who or what a person is (e.g. Heffner, Kurani & Turrentine, 

2007). These three attribute types have been conceptualized as distinct factors affecting 

adoption of electric cars (e.g., Axsen et al., 2012, Noppers et al., 2014, Korcaj, Hahnel & 

Spada, 2015), and studies empirically supported the theoretical distinction between the three 

types of attributes (e.g., Noppers et al., 2014; Steg, 2005).  

Several studies revealed that more positive evaluations of the instrumental attributes (Korcaj 

et al., 2015; Schuitema et al., 2012) and environmental attributes of sustainable innovations 

(Korcaj et al., 2015; Noppers et al., 2014) enhance the likelihood of adopting sustainable 

innovations. Besides, the likelihood of adopting sustainable innovations is enhanced by 

positive evaluations of the symbolic attributes of the sustainable innovation (Korcaj et al., 

2015; Noppers et al., 2014; Schuitema et al., 2012), although consumers do not always seem 
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to recognize that symbolic factors motivate them to adopt sustainable evaluations (cf. 

Johansson-Stenman & Martinsson, 2006; Korcaj et al., 2015; Noppers et al., 2014). These 

three attributes not only predicted adoption likelihood of sustainable innovations that are 

visible to others (e.g. electric cars), but also of sustainable innovations that are less visible to 

others (e.g. local renewable energy systems). Furthermore, an interaction was found between 

evaluations of symbolic attributes and instrumental attributes affecting interest in sustainable 

innovations. Evaluations of the symbolic attributes predicted interest in sustainable 

innovations more strongly when consumers expected the sustainable innovations to have 

some instrumental drawbacks, which reflects a so-called costly signal effect (Noppers et al., 

2014). Such a costly signal effect can be explained by attribution theory: when using 

sustainable innovations is somewhat costly because of, for example, instrumental drawbacks, 

the use of sustainable innovations is more likely to be attributed to the identity of the user and 

less likely to be attributed to situational factors (Bem, 1972; Jones & Davis, 1965). Someone 

who uses a sustainable innovation even thought this is somewhat costly must be a person who 

truly wants to do so. This suggests that when an electric car is believed to have some 

drawbacks, it can more strongly signal the identity of the owner. People may anticipate this 

signaling function when considering the adoption of sustainable innovations. This suggests 

that some instrumental drawbacks can strengthen the relationship between evaluations of 

symbolic attributes and the adoption likelihood of sustainable innovations. As sustainable 

innovations typically have instrumental drawbacks at the introduction stage, symbolic 

attributes could be an important factor stimulating adoption likelihood, particularly at this 

introduction stage. Yet, it appeared that this costly signal effect particularly influenced 

consumers’ interest in sustainable innovations, but not consumers’ intention to buy 

sustainable innovations (Noppers et al., 2014). The question remains how robust this costly 

signal effect is and whether this effect is limited to interest in sustainable innovations, or 

whether it can also affect intention to buy sustainable innovations. Moreover, the costly signal 

may not be relevant for all consumers. For instance, earlier adopters may be more driven by a 

costly signal than later adopters, and therefore more willing to adopt a sustainable innovation 

at the earlier introduction stages. We aim to address these questions in the present study. 

1.2 Consumers’ adoption stage 

An important question is how to identify earlier and later adopters. The theory on diffusion of 

innovations by Rogers (1962; 2003) can help to classify consumers in groups that differ in 

their likelihood of adopting an innovation at a particular stage. Diffusion of innovation theory 
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(Rogers, 1962, 2003) distinguishes five consumer segments based on their relative timing of 

adopting an innovation, which differ in some key characteristics, and provides a rough 

estimation of the size of each segment. ’Innovators’ are the first to adopt an innovative 

product, and are expected to represent 2.5% of the group adopting the innovation. They are 

characterized as consumers who dare to take risks in their adoption decisions and are well 

informed about developments in the relevant product domain. The somewhat larger group of 

‘early adopters’ is characterized as opinion leaders, and is believed to comprise about 13.5% 

of the adopter population. Early adopters envision potential advantages of innovations and 

adopt innovations partly to earn respect from others. The ‘early majority’ is characterized as 

consumers who need to believe that the innovation has advantages before they adopt, and are 

expected to represent about 34% of adopters. The ‘late majority’ is characterized as 

consumers who are skeptical and cautious, and only adopt an innovation when it has been on 

the market for some time and offers obvious advantages. They are believed to comprise about 

34% of adopters. Finally, ‘traditionalists’ (or laggards) are characterized as risk-averse and 

dislike change, and only adopt an innovation when conventional alternatives are no longer 

available. They are expected to comprise about 16% of adopters. 

As yet, most studies examined what drives adoption of sustainable innovations among 

consumers in general, without differentiating between possible earlier or later adopters (e.g., 

Korcaj et al., 2015; Noppers et al., 2014). Although some studies on adoption of innovations 

studied experiences with using an electric car during a test-driving period (e.g. Burgess et al., 

2013; Caperello & Kurani, 2012), or studied specific phenomenon that are typical for early 

adoption stages, like uncertainty about the characteristics of innovations (Egbue & Long, 

2012) or range anxiety in driving electric vehicles (Franke et al., 2012), they did not compare 

evaluations of these attributes across groups. Therefore, little is known about what drives 

adoption of sustainable innovations for individuals who might consider adopting a sustainable 

innovation at earlier introduction stage, and importantly, whether this differs from what 

motivates individuals who might consider adopting a sustainable innovation at later stages.  

It has been suggested that earlier adopters are likely to have more favorable evaluations of the 

attributes of an electric car (e.g. Gärling & Thøgersen, 2001), which may increase adoption 

likelihood. Are earlier adopters indeed more positive about the attributes of an electric car at 

the early introduction stage compared to later adopters, and is this true for different attributes? 

A recent study by Peters and Dütschke (2014) suggests that evaluations of attributes of 

electric cars may differ across groups. They distinguished four groups: actual users of an 
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electric car, people who were interested in electric cars and intended to purchase an electric 

car in the next five years, people who were interested in an electric car but did not intend to 

buy one, and people who were not interested and had no intention to purchase and electric car. 

They found that some instrumental attributes (i.e., safety, comfort, loading capacity) and some 

environmental attributes (i.e., environmental consequences) were evaluated more positively 

by actual users and those who were more likely to adopt an electric vehicle compared to the 

less committed groups. However, this study did not include symbolic attributes, and did not 

systematically compare adoption stage groups as defined by Rogers (2003). Notably, they 

focused on interest and intentions to adopt at the current moment, and did not consider timing 

of adoption of innovations, which is key to Rogers’ diffusion of innovation theory, as we 

described above. Hence, the question remains whether potential earlier and later adopters 

differ in their evaluations of the different attributes of electric cars. We aim to address this 

knowledge gap in our study.  

Furthermore, earlier and later adopters could differ in the extent to which evaluations of 

instrumental, environmental, and symbolic attributes affect their likelihood of adopting an 

electric car. For instance, although earlier adopters could believe innovations have some 

instrumental drawbacks compared to conventional products, they may be less affected by 

unfavorable instrumental attributes than later adopters and therefore face a lower barrier for 

adoption. Alternatively, earlier adopters may base their adoption decision more on attributes 

that they evaluate relatively favorable. In addition, the costly signal effect could be 

particularly relevant for earlier adopters, as they may be more motivated to express their 

identity and status via sustainable innovations. This could help explain why earlier adopters 

are more likely to consider adopting a sustainable innovation relatively early compared to 

other consumers despite (or even because) it may have some instrumental drawbacks. 

Research suggests that groups that differ in their likelihood of adopting an electric vehicle 

differ in what drives their intentions to purchase and use an electric car (Peters & Dütschke, 

2014). However, this study did not explore differences in adoption stage groups, and did not 

include evaluations of symbolic attributes of electric cars. We will explore whether potential 

earlier and later adopters differ in the extent to which their evaluations of the instrumental, 

environmental, and symbolic attributes affect their likelihood to adopt the sustainable 

innovation. This may have important implications for the promotion of sustainable 

innovations, for example whether it is sensible to target different adopter segments with 
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different propositions, or whether similar promotion strategies may be effective across 

different adopter segments.  

1.3 The present study 

Adopter segments have typically been identified after the diffusion of an innovative product 

was completed (Rogers, 2003). However, from a marketing perspective it would be 

particularly interesting to identify potential earlier and later adopters ex ante, for instance to 

tailor marketing strategies to consumers’ motivations for adopting the innovation. In this 

paper, we employ a novel measure of adoption stage, which distinguishes expected earlier and 

later adopters ex ante. As timing of adopting innovations is most likely to differ across 

product categories, for instance someone who adopts innovative cars relatively early may be 

late in adopting innovative fashion clothing (cf. Goldsmith & Hofacker, 1991; Gatignon & 

Robertson, 1985), we measure the extent to which people identify with a specific adopter 

segment regarding adopting innovative cars (i.e., the product category comprising electric 

cars). We did measure adopter segment regarding innovative cars, to avoid too much overlap 

between our independent measure (adoption stage) and dependent measures (interest in and 

intention to purchase an electric car), which would evidently be strongly related.  

We aimed to examine whether and why these adopter groups differ in their likelihood to adopt 

an electric car. We first investigated whether earlier adopters of innovative cars are indeed 

more likely to adopt an electric car at the early introduction stage than later adopters of 

innovative cars are (research question 1). Second, we examined whether earlier and later 

adopters of innovative cars differ in their evaluations of the attributes of an electric car 

(research question 2). Third, we examined whether evaluations of the attributes of electric 

cars and adoption stage predicted the likelihood of adopting an electric car, following our 

reasoning above (research question 3). More specifically, via regression analyses, we tested to 

what extent adoption likelihood is predicted by (1) evaluations of the instrumental, 

environmental, and symbolic attributes, and adoption stage, (2) the interaction between 

evaluations of the instrumental, environmental, and symbolic attributes on the one hand, and 

adoption stage on the other hand, to test whether evaluations of attributes predict adoption 

likelihood differently for different adopter groups, (3) the costly signal effect (i.e., the 

interaction between instrumental and symbolic attributes), and (4) whether the costly signal 

effect differs across adopter groups (i.e., a 3-way interaction between instrumental attributes, 

symbolic attributes, and adoption stage).   
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2. Method 

2.1 Sample and procedure 

A Internet-based questionnaire study was conducted among a large Dutch sample drawn from 

a commercial panel (Panel Inzicht, www.panelinzicht.nl) during June 2012. The questionnaire 

aimed at, among others, gathering data on individual evaluations of various attributes of 

electric cars, the likelihood of adopting a full electric car, and the adoption stage regarding 

innovative cars. The sample (N = 2974) was randomly drawn and stratified according to 

gender, age, income and education, and is therefore fairly representative of general Dutch 

adult population (CBS, 2011) and of driver license holders (BOVAG-RAI, 2012; see  

Appendix). The mean age of participants was 47 (SD = 14.0); 50% was male. Participants 

first indicated with which adopter segment regarding innovative cars they identified most. 

Next, they read a brief description of full battery electric cars, in which we explained that we 

would use the shorter phrase “electric car” to refer to the full battery electric car. 

Subsequently, participants filled out the questionnaire including questions on evaluations of 

the attributes of an electric car, and two indicators reflecting adoption likelihood: interest in 

an electric car, and intention to buy an electric car. Items relevant for the present paper are 

shown in Table 1.  

2.2 Measures 

Attributes reflecting instrumental, environmental, and symbolic attributes were selected on 

the basis of prior research (Dittmar, 1992; Noppers et al., 2014; Steg, Vlek, & Slotegraaf, 

2001; Steg, 2005; Vrkljan & Anaby, 2011). Participants evaluated 13 instrumental attributes 

of electric cars, reflecting instrumental costs (7 items) and benefits (6 items) of the use and 

ownership of an electric car (see Table 1 for an overview of all items). Responses on all items 

were given on a 6-point scale, varying from ‘‘totally disagree’’ to ‘‘totally agree’’. Items 

measuring costs were reverse-coded, so that higher scores reflect more favorable judgments. 

Cronbach’s alpha (α = .71) reflected that the 13 items formed a reliable scale, so scores on the 

items were averaged to form the evaluation of instrumental attributes scale. On average, 

participants rated the instrumental attributes of electric cars slightly below the scale mean 

(M= 3.39, SD = .54), suggesting that they were on average slightly negative about the 

instrumental attributes of an electric car.   
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Table 1: Items reflecting instrumental, environmental, and symbolic attributes of electric cars 

and interest in and intention to buy an electric car. 
 M     (SD) 

Instrumental attributes (Cronbach’s α = .71) 

To what extent do you think that the following characteristics are advantages or disadvantages of an 

electric vehicle? 

3.39 (.54) 

An electric car is relatively expensive to purchase (R)  

An electric car has an insufficient range for me (R)  

It is unpredictable how fast a battery can go flat when driving an electric car (R)  

Driving an electric car would require me too much of adjustment in the use of the car (R)  

Existing infrastructure (e.g. charging, maintenance) does not sufficiently facilitate driving an electric car (R)  

An electric car cannot be charged fast enough (R)  

An electric car has to be charged frequently (R)  

An electric car is cheap in use   

An electric car has low maintanance costs  

Driving an electric car offers convenience  

An electric car is comfortable  

It is possible to charge an electric car when it is not used for a longer period  

An electric car drives smoothly  

Symbolic attributes (Cronbach’s α = .85) 2.72 (1.06) 
To what extent do you think that the following characteristics are advantages of an electric vehicle? 

An electric car gives me status 

 

An electric car enables me to distinguish myself from others  

I can show who I am with an electric car  

An electric car fits me  

An electric car makes a personal statement  

Environmental attributes (Cronbach’s α = .85) 4.73  (1.01) 
How much would you agree that the use of electric cars in general would contribute to the solution of 

problems mentioned below?  

 

Air pollution in residential areas caused by traffic  

Environmental pollution caused by traffic  
Climate change due to the emission of greenhouse gases from traffic  
Depletion of natural resources like oil  

Interest in electric car: I am interested in an electric car 3.42 (1.55) 

Buying intention (Cronbach’s α = .79) 2.54 (1.28) 
I would now buy an electric car  

I would consider an electric car when purchasing a (next) car  
(R) Items were reverse coded  

Evaluations of environmental attributes of the electric car were measured with 4 items, 

reflecting perceived outcomes of owning and using an electric car for the environment (see 

Table 1). Again, responses were given on a 6-point scale, varying from ‘‘totally disagree’’ to 

‘‘totally agree’’. Mean scores on the 4 items were computed (α = .85); on average participants 

had favorable evaluations of the environmental attributes of electric cars (M = 4.73, SD = 

1.01).  

Participants evaluated 5 symbolic attributes of the electric car, reflecting positive outcomes of 

owning and using an electric car for one’s (self-)identity and social status (see Table 1) on a 

6-point scale, varying from ‘‘totally disagree’’ to ‘‘totally agree’’. Cronbach’s alpha (α = .85) 

reflected that the 5 items formed a reliable scale, so scores on the items were averaged to form 

the evaluation of symbolic attributes scale. On average, participants rated the symbolic 

attributes somewhat below the scale mean (M = 2.72, SD = 1.06), suggesting that on average 

participants think that an electric car does not strongly signal one’s identity and social status. 
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As the electric car is still at the introduction stage and only few people already adopted an 

electric car, we used two indicators of adoption likelihood: interest in an electric car, a 

measure which does not involve a commitment to adopting an electric car, and intention to 

buy an electric car, which reflect a commitment to adopting an electric car (cf., Bockarjova & 

Steg, 2014). Interest in an electric car was assessed by asking participants to what extent they 

agreed with the statement “I am interested in an electric car”. Reponses were given on a 6-

point scale, varying from ‘‘totally disagree’’ to ‘‘totally agree’’ (M = 3.42, SD = 1.55). The 

intention to buy an electric car was measured with 2 items (see Table 1). Again, responses 

were given on a 6-point scale, varying from ‘‘totally disagree’’ to ‘‘totally agree’’. The scores 

on the 2 items were averaged into an adoption intention scale (α = .83). Participants were on 

average somewhat unlikely to buy an electric car (M = 2.54, SD = 1.28). 

Our measure of consumer’s adoption stage is based on the description of characteristics of the 

adopter segments proposed by Rogers (2003; see Introduction section). More specifically, 

participants were asked to select the characterization of a certain adopter segment that fitted 

them best. Following Rogers (1962, 2003), characterizations of five adopter segments were 

included: innovator, early adopter, early majority, late majority, and traditionalist; see Table 2 

for the description of the categories. The distribution of the adopter segments in our sample 

fairly matched the theoretical distribution proposed by Rogers (1962, 2003, see Table 2). 

Research showed that this is a valid measure of one’s adoption stage regarding innovative 

cars, as the measure is significantly correlated with general consumer innovativeness, 

knowledge about alternative fuel vehicles, and intention to adopt electric vehicles 

(Bockarjova, 2013). 

Table 2: Adopter segments for innovative cars. 

Adopter segment Description % in sample 

 

1. Innovators I am a type of person who closely follows new technological developments and 

who dares taking risks by being the first to purchase an innovative car.  

1.9% 

2. Early adopters I am a type of person who envisions potential advantages in an innovative cars and 

who is one of the first to make use of these advantages and to profit from those.  

8.0% 

3. Early majority I am a type of person who is interested in innovative cars but at the same time is 

pragmatic. First I would like to take time and be persuaded about the advantages 

that an innovative car possesses. My decisions are (mainly) based on the 

recommendations of existing users. 

42.2% 

4. Late majority I am a type of person who is not thrilled by innovative cars, but who rather 

appreciates security. It is safe to purchase an innovative car when it has been on the 

market for some while and offers obvious advantages.  

38.1% 

5. Traditionalists I am a type of person who is traditional and has little affinity with innovative cars. 

I do not like changes in life and I purchase an innovative car only when the 

existing model I use is not produced anymore.  

9.8% 
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3. Results 

3.1 Earlier and later adopters’ adoption likelihood and evaluations of the attributes of an 

electric car 

We first examined whether adopter groups differed in their likelihood of adopting an electric 

vehicle. An ANOVA revealed that earlier adopters were more interested in electric vehicles 

than later adopters were, F(4, 2969) = 56.54, p < .001, η
2
p = .071. Planned contrasts revealed 

that participants from earlier adoption stages were significantly more interested in electric 

cars than participants from the subsequent adoption stages, with the exception that innovators 

and early adopters did not significantly differ in their interest in an electric car
1
. Moreover, an 

ANOVA revealed that earlier adopters had a stronger intention to adopt an electric car than 

later adopters, F(4, 2969) = 20.71, p < .001, η
2

p = .027.  

Planned contrasts revealed that participants from earlier adoption stages had a stronger 

intention to buy an electric car than participants from the subsequent adoption stages, with the 

exception that innovators and early adopters did not significantly differ in their intention to 

adopt an electric car
2
. Taken together, the results indicate that our measure of adoption stage 

regarding innovative cars is related to the likelihood of adopting an electric car at the early 

introduction stage. 

Next, we investigated our second research question, whether earlier and later adopters 

differed in their evaluations of the attributes of an electric car. An ANOVA showed that 

evaluations of symbolic attributes significantly differed across adoption stages, F(4, 2969) = 

51.05, p < .001, η
2

p = .064. Planned contrasts revealed that participants from earlier adoption 

stages evaluated the symbolic attributes of the electric car significantly more positive than 

participants from the subsequent adoption stages, with the exception that innovators and early 

                                                           
1
 Early adopters (M =4.13, SD = 1.47, 95% CI [3.94, 4.32]) were on average more interested in an electric car than the early 

majority (M =3.69, SD = 1.48, 95% CI [3.61, 3.77]: Contrast = .44, p < .001, Cohen’s d = .30. The early majority was more 

interested in an electric car than the late majority (M = 3.16, SD = 1.51, 95% CI [3.07, 3.25]): Contrast = .53, p < .001, 

Cohen’s d = .35, and the late majority was more interested in an electric car than traditionalists were (M = 2.58, SD = 1.46, 

95% CI [2.41, 2.75]): Contrast = .58, p = .001, Cohen’s d = .39. No significant difference in interest in an electric car was 

found between innovators (M = 3.87, SD = 1.76, 95% CI [3.48, 4.27]) and early adopters (M =4.13, SD = 1.47, 95% CI [3.94, 

4.32]): Contrast = -.25, p = .258. 
2
 Early adopters (M =2.95, SD = 1.35, 95% CI [2.79, 3.12]) had a stronger intention to buy an electric car than the early 

majority (M =2.65, SD = 1.26, 95% CI [2.58, 2.72]: Contrast = .30, p = .001, Cohen’s d = .23. The early majority had a 

stronger intention to buy an electric car than the late majority (M = 2.42, SD = 1.25, 95% CI [2.34, 2.49]): Contrast = .23, p = 

.052, Cohen’s d = .18, and the late majority had a stronger intention to buy an electric car than traditionalists (M = 2.13, SD = 

1.25, 95% CI [1.99, 2.28]): Contrast = .29, p = .001, Cohen’s d = .23. No significant difference in intention to adopt an 

electric car was found between innovators (M = 2.97, SD = 1.51, 95% CI [2.64, 3.30]) and early adopters (M =2.95, SD = 

1.35, 95% CI [2.79, 3.12]): Contrast = .02, p = .918. 
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adopters did not significantly differ in their evaluation of the symbolic attributes
3
 (see Figure 

1). Evaluations of instrumental attributes slightly differed across adoption stages, F(4, 2969) 

= 3.62, p = .006, η
2

p = .005. Planned contrasts showed that only the late majority (M = 3.41, 

SD = 0.55, 95% CI [3.37, 3.44]) was somewhat more positive about instrumental attributes of 

an electric car than the traditionalists were (M = 3.30, SD = 0.55, 95% CI [3.23, 3.36]): 

Contrast = .11, p = .002, Cohen’s d = .2, while participants in the other adoption stages did 

not significantly differ from participants in a subsequent adoption stage.  Evaluations of 

environmental attributes of electric cars did not differ across adoption stages, F(4, 2969) = 

0.95, p = .435. Taken together, our results showed that potential earlier adopters were more 

positive about the symbolic attributes of electric cars than later adopters were. Potential 

earlier and later adopters did not differ in their evaluations of the environmental attributes, 

and hardly differed in their evaluations of the instrumental attributes. 

 

Figure 1: Mean evaluations of symbolic attributes of electric cars across adoption stages 

Table 3 shows that evaluations of the attributes correlated positively with interest in and 

intention to buy an electric car, indicating that more positive evaluations of the attributes 

increase the likelihood of adopting an electric car. Also, the evaluations of the attributes are 

positively correlated, meaning that when participants were more positive about one of the 

attributes they also were likely to evaluate the other attributes more positively. Correlations 

                                                           
3 Early adopters (M = 3.33, SD = 1.11, 95% CI [3.20, 3.46]) were on average more positive about the symbolic attributes than 

the early majority (M = 2.85, SD = 1.02, 95% CI [2.79, 2.91]: Contrast = .48, p < .001, Cohen’s d = .45. The early majority 

was more positive about the symbolic attributes than the late majority (M = 2.54, SD = 1.02, 95% CI [2.48, 2.60]): Contrast = 

.32, p < .001, Cohen’s d = .30, and the late majority evaluated the symbolic attributes of an electric car more favorable than 

the traditionalists did (M = 2.30, SD = 1.02, 95% CI [2.18, 2.42]): Contrast = .23, p = .001, Cohen’s d = .24. No significant 

difference in evaluation of symbolic attributes was found between innovators (M = 3.25, SD = 1.15, 95% CI [2.98, 3.52]) and 

early adopters (M = 3.33, SD = 1.11, 95% CI [3.20, 3.46]): Contrast = -.08, p = .606. 
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are not very high, however, suggesting that the attributes indeed reflect different factors, in 

line with previous studies (Noppers et al., 2014; Steg, 2005). 

3.2 Predicting the likelihood of adopting an electric car 

To address our third research question, we investigated to what extent evaluations of the three 

attributes of electric cars and adoption stage predicted the likelihood of adopting an electric 

car via two regression analyses, one predicting interest in an electric car and one predicting 

intention to buy an electric car. Following our reasoning in the Introduction section, in each 

regression model we included (1) all main effects, that is adoption stage
4
 and evaluations of 

the three attributes, (2) the interactions between adoption stage and evaluations of the three 

attributes, which reflects whether earlier adopters differed from later adopters in the extent to 

which evaluations of the attributes predicted their interest in an electric car and intention to 

buy an electric car, (3) the interaction between evaluations of the instrumental and symbolic 

attributes, to test whether the costly signal effect predicts adoption likelihood, and (4) the 3-

way interaction between evaluations of the instrumental attributes, symbolic attributes, and 

adoption stage, to test whether the costly signal effect differs across adoption stages. 

Variables were standardized and mean-centered (see Aiken and West, 1991) to facilitate the 

interpretation of the results. 

Table 3: Bivariate correlations between evaluations of attributes, interest in and intention to 

buy an electric car. 

 

 

 

                                                           
4 Adoption stage was reverse coded to facilitate interpretation: a higher value of adoption stage indicated identification with a 

more early adopter segment. The reversed coded adoption stage variable was treated as a continuous variable in the 

regression analysis in order to facilitate interpretations of the interaction effects. 

 Instrumental Environmental Symbolic Interest 

Environmental .29**    

Symbolic .32** .22**   

Interest .42** .23** .45**  

Buying intention .50** .26** .43** .66** 
* p < .05, **  p < .01 
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3.2.1 Predictors of interest in an electric car 

The full regression model predicted 32% of the variance in the interest in an electric car 

(adjusted R
2
 = .32; see Table 4). As expected, earlier adopters were more interested in an 

electric car than later adopters, as reflected in the significant positive standardized regression 

coefficient of adoption stage. Also, we found positive main effects of the evaluations of the 

three attributes of electric cars on interest in an electric car. The more positive participants 

were about the instrumental attributes and the symbolic attributes, the more interested they 

were in an electric car. Evaluations of the instrumental attributes and the symbolic attributes 

were the strongest predictor of interest in an electric car. To a somewhat lesser extent, 

participants were also more interested in an electric car when they were more positive about 

the environmental attributes of an electric car.  

The 2-way interactions between adoption stage and the evaluations of the attributes reflect 

whether earlier and later adopters differ in the extent to which their evaluations of the 

attributes of an electric car predicted their interest in an electric car. The interaction between 

evaluations of the environmental attributes and adoption stage predicted interest in an electric 

car, suggesting that earlier adopters’ interest in an electric car was somewhat more strongly 

influenced by evaluations of the environmental attributes of an electric car than later adopters’ 

interest in an electric car (p = .07). The 2-way interactions between symbolic attributes and 

adoption stage and instrumental attributes and adoption stage were not statistically significant, 

suggesting that earlier and later adopters did not significantly differ in the extent to which 

evaluations of instrumental attributes and symbolic attributes predicted their interest in an 

electric car.  
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Table 4: Regression model predicting interest in an electric car.  

 

 

R2 

adjusted 

 

 

F 

 

 

df β
a
 t p LLCI

b
 ULCI

c
 

Interest in electric car .32 157.52 9,2964   < .001   

Instrumental attributes    .30 17.51 < .001 .27 .33 

Environmental attributes    .07 4.49 < .001 .04 .10 

Symbolic attributes    .30 18.03 < .001 .27 .34 

Adoption stage    .19 11.29 < .001 .16 .22 

Symbolic attributes x 

Adoption stage 

   .02 1.35 .176 -.01 . 05 

Instrumental attributes x 

Adoption stage 

   .01 0.70 .489 -. 02 .05 

Environmental attributes x 

Adoption stage 

   .03 1.80 .072 .00 .06 

Instrumental attributes x 

Symbolic attributes 

   -.03 -1.96 .050 -.06 -.00 

Adoption stage x 

Instrumental attributes x 

Symbolic attributes 

   -.03 -2.30 .022 -.06 -.01 

a  Standardized regression coefficient 
b Lower Limit 95% confidence interval 
c Upper Limit 95% confidence interval 

 

Next, we investigated the costly signal effect by examining whether the 2-way interaction 

between instrumental and symbolic attributes influenced interest in an electric car, and tested 

whether earlier and later adopters differed in this respect by testing the 3-way interaction 

between evaluations of instrumental attributes, symbolic attributes, and adoption stage. We 

found a significant and negative 2-way interaction between evaluations of symbolic and 

instrumental attributes on interest in an electric car. In line with the costly signal effect, 

participants’ evaluations of the symbolic attributes had a stronger positive impact on their 

interest in an electric car when they evaluated the instrumental attributes more negatively. We 

also found a significant 3-way interaction between evaluations of symbolic attributes, 

instrumental attributes, and adoption stage, suggesting that the extent to which poor 

evaluations of instrumental attributes enhances the predictive power of symbolic attributes 

depended on participants’ adoption stage. We used the Johnson–Neyman technique for 

identifying at which values of adoption stage the proposed interaction effect on the interest in 

an electric car is significant (Hayes & Matthes, 2009; Johnson & Neyman, 1936; Spiller et al., 

2013). The Johnson–Neyman point for p < .05 (t = -1.96) occurred at a value of -.01, 
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approximately the mean value of adoption stage. This suggests that for earlier adopters, 

positive evaluations of the symbolic attributes more strongly increased their interest in an 

electric car when they evaluated the instrumental attributes of the electric car relatively 

negatively. For later adopters, this interaction effect was not statistically significant, meaning 

that the influence evaluations of the symbolic attributes had on their interest in an electric car 

did not depend on evaluations of the instrumental attributes. This suggests that the costly 

signal effect is particularly relevant for earlier adopters. For clarification of the costly signal 

effect affecting earlier adopters, we display the effects of evaluations of symbolic attributes 

on interest in an electric car for Innovators (Figure 2) and Traditionalists (Figure 3) at 

different levels of evaluations of the instrumental attributes of an electric car. Figure 2 shows 

a strong positive relationship between evaluations of symbolic attributes and interest in an 

electric car for Innovators who had relatively unfavorable evaluations of the instrumental 

attributes (i.e., a costly signal). For Innovators who had relatively favorable evaluations of the 

instrumental attributes the relationship between evaluations of symbolic attributes and interest 

in an electric car was non-significant. Figure 3 reveals that for Traditionalist, the relationship 

between evaluations of the symbolic attributes of an electric car and interest in an electric car 

did not differ for those who were relatively positive about the instrumental attributes and 

those who were less positive about the instrumental attributes of an electric car.

  

Figure 2: Relationships between evaluations of symbolic attributes and interest in an electric 

car for Innovators with relatively favorable and unfavorable evaluations of the instrumental 

attributes of an electric car 
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Figure 3: Relationships between evaluations of symbolic attributes and interest in an electric 

car for Traditionalists with relatively favorable and unfavorable evaluations of the 

instrumental attributes of an electric car 

3.2.2 Predictors of intention to buy an electric car 

The full regression model predicted 35% of the variance in intention to buy an electric car (R
2
 

= .35, adjusted R
2
 = .35; see Table 5). As expected, earlier adopters had a stronger intention to 

buy an electric car than later adopters did, as reflected in the significant negative regression 

coefficient of adoption stage. Also, we found positive main effects of the evaluations of the 

three attributes of electric cars on intention to buy an electric car: the more positive 

participants were about the attributes, the stronger their intentions to buy an electric car. 

Evaluations of the instrumental attributes were the strongest predictor of intention to buy an 

electric car, followed by the evaluations of the symbolic attributes. Evaluations of the 

environmental attributes were the weakest predictor of the intention to buy an electric car. 

Next, we examined differences between earlier and later adopters in the extent to which their 

evaluations of the attributes of an electric car predicted their intention to buy an electric car by 

inspecting the 2-way interaction effects between adoption stage and the evaluations of the 

attributes. All 2-way interactions were not statistically significant. This implies that 

evaluations of instrumental attributes, environmental attributes, and symbolic attributes 

predicted intention to buy an electric car in a similar way for earlier and later adopters.  
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Table 5: Regression model predicting intention to buy an electric car 

 

 

R2 

adjusted 

 

 

F 

 

 

df β
a
 t p LLCI

b
 ULCI

c
 

Buying intention .35 176.63 9,2964   < .001   

Instrumental attributes    .40 23.91 < .001 .37 .44 

Environmental attributes    .09 5.73 < .001 .06 .12 

Symbolic attributes    .26 15.79 < .001 .23 .29 

Adoption stage    .10 5.84 < .001 .06 .13 

Symbolic attributes x 

Adoption stage 

   -.01 -0.83 .409 -.04 . 02 

Instrumental attributes x 

Adoption stage 

   .02 1.22 .224 -.01 .05 

Environmental attributes 

x Adoption stage 

   .01 0.58 .559 -.02 .04 

Instrumental attributes x 

Symbolic attributes 

   .05 3.18 .001 .02 .08 

Adoption stage x 

Instrumental attributes x 

Symbolic attributes 

   -.02 -1.69 .091 -.05 .01 

a  Standardized regression coefficient 
b Lower Limit 95% confidence interval 
c Upper Limit 95% confidence interval 

 

We again found a significant and positive 2-way interaction between evaluations of symbolic 

and instrumental attributes on the intention to buy an electric car. This time, however, 

participants’ evaluations of the symbolic attributes had a stronger positive impact on their 

intention to buy an electric car when they evaluated the instrumental attributes more 

positively, which does not support the costly signal effect. The 3-way interaction between 

evaluations of symbolic attributes, instrumental attributes, and adoption stage was weak. 

Although the 3-way interaction was not statistically significant by conventional standards (p = 

.09), we did explore it in some more depth. The Johnson–Neyman point for p < .05 (t = 1.96) 

occurred at a value of .65, somewhat above the mean value of adoption stage, and suggests 

that for earlier adopters the interaction effect was not statistically significant, meaning that the 

influence of evaluations of the symbolic attributes on intention to buy an electric car of earlier 

adopters did not depend on their evaluation of the instrumental attributes. Yet, for later 

adopters, evaluations of the symbolic attributes more strongly predicted their intention to buy 

an electric car when they evaluated the instrumental attributes of an electric car more 

positively.  
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4. Discussion 

This paper investigated differences in motivations to adopt a sustainable innovation between 

potential earlier and later adopters. We used an electric car as typical example of a sustainable 

innovation at the early introduction stage. First, we examined whether earlier adopters and 

later adopters differed in their likelihood of adopting an electric car and in their evaluations of 

the attributes of an electric car. Second, we investigated to what extent evaluations of the 

three attributes of electric cars and adoption stage predicted the likelihood of adopting an 

electric car, and whether earlier and later adopters differed in how evaluations of the attributes 

of an electric car steered their likelihood of adopting an electric car.  

Results revealed that earlier adopters were more interested in electric cars, and had a stronger 

intention to purchase an electric car than later adopters did. This further supports the validity 

of our measure of adoption stage. Also, we found that earlier adopters evaluated the symbolic 

attributes of an electric car more positively than later adopters, which indicates that earlier 

adopters more strongly think that an electric car gives them status and that an electric car 

shows who they are than later adopters. However, earlier and later adopters did not differ in 

their evaluations of the environmental attributes and hardly differed in their evaluations of the 

instrumental attributes of an electric car. Respondents identified as potential earlier adopters 

thus evaluate the symbolic attributes more positively than respondents identified as potential 

later adopters, which could be a reason why earlier adopters are more likely to consider 

adopting an electric car than later adopters are.  

Our results further showed that earlier adopters, as well as later adopters, were more 

interested in an electric car and had a stronger intention to buy an electric car when they 

evaluated the symbolic attributes, instrumental attributes, and environmental attributes of an 

electric car more positively, as reflected in the significant main effects of evaluations of all 

three attributes. This suggests that all consumers, irrespective of adoption stage, are more 

likely to adopt an electric car when owning and using an electric car is for instance believed to 

be more comfortable and less expensive, says more positive things about a person, and has 

more environmental benefits. These findings are in line with findings from earlier studies (e.g. 

Noppers et al., 2014; Korcaj et al., 2015; Schuitema et al., 2012). Evaluations of the 

instrumental attributes and symbolic attributes were the strongest predictor of adoption 

likelihood, while evaluations of the environmental attributes was a less strong predictor of 

adoption likelihood. 
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Extending previous research, our results suggest that there are some small, but interesting 

differences in motivations to adopt an electric car for earlier and later adopters. First, 

evaluations of the environmental attributes somewhat more strongly predicted interest in 

electric cars of earlier adopters than later adopters, as reflected in a 2-way interaction. This 

suggests that perceived positive environmental consequences of adopting an electric car are 

more appealing to earlier adopters. This interaction effect was however marginally significant 

only and had a relatively small effect size; future research is needed to test the robustness of 

this effect. Moreover, we did not find this interaction effect for intention to buy an electric 

car.  

Furthermore, we replicated the costly signal effect reported by Noppers et al. (2014), showing 

that evaluations of the symbolic attributes of an electric car predicted interest in an electric car 

more strongly when people evaluated the instrumental attributes somewhat less favorable. 

Yet, extending earlier studies, this costly signal effect appeared to be qualified by adoption 

stage, as the effect was only statistically significant for earlier adopters and not for later 

adopters. This suggests that the costly signal is particularly appealing to earlier adopters, as 

only for them symbolic attributes more strongly predicts interest in electric cars when they 

expect some instrumental drawbacks. However, when we look at intentions to buy an electric 

car there are indications that the costly signal effect could even be reversed for later adopters. 

Specifically, we found that positive evaluations of the symbolic attributes predicted intention 

to purchase an electric car somewhat better when participants evaluated the instrumental 

aspects more positively, but this effect was only statistically significant for later adopters, 

while the overall 3-way interaction effect was not statistically significant. More generally, the 

effect sizes of the 3-way interactions were relatively small, therefore having only a small 

impact on adoption likelihood. 

In sum, we replicated and specified the costly signal effect as reported by Noppers et al. 

(2014) as predictive of individual interest in, yet not intention to adopt, an electric car for 

earlier adopters. An important remaining question is why costly signal effects occur. As 

indicated in the Introduction, one possible explanation could be that the adoption and use of 

sustainable innovations is more likely to be attributed to the identity of the user and less likely 

to be attributed to external factors, in case the sustainable innovation has some instrumental 

drawbacks. However, there is probably a limit to the extent to which a person is willing to 

incur costs for a costly signal effect to take place (Noppers et al., 2014). If the costs are too 

high, it is not likely that they will boost the effects of positive evaluations of symbolic 
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attributes on adoption. This may account for the fact that we only found a costly signal 

effecting interest in an electric car and not intention to buy an electric car. Showing interest in 

an electric car with some drawbacks may be suitable for costly signaling, because in this case 

people do not need to incur any real costs, as interest is a less strong commitment than the 

intention to buy an electric car. Indeed, we found some support for this reasoning as 

instrumental attributes seem to have a stronger impact on intention to buy an electric car than 

on interest in an electric car, suggesting that the instrumental aspects are more influential 

when it concerns indicators that more closely resembles actual adoption. Similar results were 

found by Bockarjova and Steg (2014), who found that perceived costs of using an electric car 

more strongly predicted close indicators of the adoption of an electric car (i.e., overall 

evaluation of electric cars and intention to purchase electric cars) compared to distant 

indicators of adoption (i.e., long-run electric car acceptability and policy acceptability). So 

when push comes to shove, the instrumental drawbacks may be still too high to boost the 

effects of positive evaluations of symbolic attributes on adopting an electric car. Possibly, an 

electric car is for this reason an ideal second car: it gives owners the opportunity to signal 

one’s identity and status effectively by posing a costly behavior with a possibility to bypass its 

functional drawbacks given the presence of the first household car. Future research is needed 

to explore the exact process behind the costly signal effect. 

Another remaining question is why costly signals are most relevant for earlier adopters. It is 

likely that earlier and later adopter want to signal different things with sustainable 

innovations. For instance, earlier adopters may want to signal their care for the environment 

or their progressive identity, which could be signaled even more effectively when adoption 

has instrumental drawbacks. In contrast, later adopters may want to signal that they make 

smart investments, which is enhanced when adopting a sustainable innovation advances 

functionally. Future research is needed to investigate symbolic motives of the earlier and later 

adopters. 

We assessed adoption stage by asking participants to select the description of the adopter 

segment regarding innovative cars they identified with most. We opted for this 

conceptualization rather than adoption segment with regard to electric cars to avoid a strong 

overlap between our independent variable (adoption stage) and dependent variables (interest 

in and intention to purchase an electric vehicle). Moreover, the conceptualization focused on 

the product category innovative cars, as adoption stage is likely to differ across products. Our 

conceptualization of adopter segments seems to be a useful indicator for one’s adoption stage, 
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as scores on this measure correlated with likelihood of adopting an electric car: earlier 

adopters were more interested in and more strongly intended to buy an electric car than later 

adopters. This indicates that our conceptualization of adoption stage can serve as a method for 

classifying consumers ex ante. This is crucial for identifying earlier adopters and later 

adopters and could contribute to identifying consumer motivations for adopting (sustainable) 

innovations at different adoption stages. Future research is needed to further test the validity 

of the measure, and examine whether similar results are found across various product 

domains. 

We used electric cars as a typical example of sustainable innovations. Research suggests that 

adoption likelihood of different sustainable innovations have similar determinants (e.g. 

Noppers et al., 2014). However, future research is needed to test the generalizability of our 

findings across different types of sustainable innovations. Furthermore, future research is 

needed to examine whether similar results would be found for innovations that already have a 

larger market share, and for products that can no longer be considered a sustainable 

innovations because they are already adopted by many. 

What do our results mean for the marketing of sustainable innovations, particularly at the 

introduction stage? Symbolic attributes proved to be an important factor encouraging adoption 

of sustainable innovations, particularly at this early introduction stage as typical earlier 

adopters were more positive about the symbolic attributes of an electric car. Moreover, 

positive evaluations of these symbolic attributes more strongly predicted their interest in an 

electric car when the electric car was perceived to have some instrumental drawbacks. 

Therefore, focusing marketing efforts on the symbolic attributes of sustainable innovations is 

likely to be effective, particularly at the early introduction stage where instrumental 

drawbacks are often present. Symbolic attributes can be enhanced or stressed through 

marketing campaigns emphasizing positive outcomes of owning and using sustainable 

innovations for one’s identity and status. However, this probably has to be done in a subtle 

and implicit way, as establishing a very explicit link between a product and specific identities 

through marketing communication may backfire (Bhattacharjee, Berger, & Menon, 2014). 

Moreover, the effects of such marketing strategies may depend on the credibility of the source 

of the information. Furthermore, our results suggest that manufacturers of sustainable 

innovations should further improve the instrumental attributes of sustainable innovations, 

particularly for the later stages of the adoption process. Instrumental drawbacks for later 

adopters not only directly inhibit intention to adopt electric cars, but also appear to 
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increasingly inhibit positive effects of evaluations of symbolic attributes on adoption. For 

earlier adopters, instrumental drawbacks inhibit adoption too, but at the same time these 

instrumental drawbacks seem to boost effects of positive evaluations of symbolic attributes on 

interest in electric cars for earlier adopters. Yet, improvements in instrumental attributes seem 

to be needed to promote wide-scale adoption of sustainable innovations. Besides, stressing the 

environmental benefits of sustainable innovations could enhance adoption of sustainable 

innovations, possibly even more so in the early introduction phase as earlier adopters seemed 

to be somewhat more strongly driven by positive evaluations of environmental attributes.  

A differentiation in marketing strategy for earlier and later adopters may not be necessary as 

the extent to which earlier and later adopters differed in their motivations for adopting an 

electric car was relatively small, shown by the effect sizes of the interactions. Both earlier and 

later adopters could thus be targeted with similar marketing propositions. Marketers should 

however keep in mind that earlier adopters may be better persuaded with propositions 

stressing environmental benefits and costly signals, compared to later adopters. 

In sum, earlier and later adopters of innovative cars differ in their evaluations of some of the 

attributes of an electric car, and subtly differ in what drives their likelihood to adopt an 

electric car. Compared to later adopters, earlier adopters were more positive about what an 

electric car says about them, but not more positive about the instrumental and environmental 

attributes of an electric car. We found some small differences in determinants of adoption 

likelihood of sustainable innovations for earlier and later adopters: earlier adopters seemed to 

be more interested in an electric car because of its environmental benefits, but also because of 

its symbolic attributes when they expect the electric car to have some instrumental drawbacks. 

At the same time, later adopters do not seem to be motivated by such a costly signal, but are 

rather triggered to adopt an electric car because of its symbolic attributes when they evaluate 

the instrumental attributes relatively favorably. Overall, our results imply that symbolic 

attributes play an important role in the adoption of sustainable innovations. For the crucial 

early introduction stage of sustainable innovations where these products often have apparent 

drawbacks it seems fruitful to emphasize the positive symbolic attributes. 
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Appendix: 

Characteristics of the sample and of car owners and the Dutch population. 

 

 
Sample 

 

Car owners 

(%)
a
 

Dutch 

population
b
 

Gender (male) 50% n.a. 50% 

Age 
c
    

 19-25  6% 7% 8%
 
 

 26-35  16% 15% 16% 

 36-45  26% 22% 19% 

 46-55  22% 23% 20% 

 56-65  16% 18% 17% 

65 and older 14% 15% 20% 

Education     

primary or lower 8% n.a. 5% 

secondary and vocational 57% n.a. 60% 

college and university 35% n.a. 34% 

Household income 
d
    

below €15,900  10% n.a. 20% 

€15,900 - €22,400 15% n.a. 20% 

€22,400 - €30,400 17% n.a. 20% 

€30,400 - €41,000 11% n.a. 10% 

€41,000 - €51,000 15% n.a. 20% 

above €51,000 7% n.a. 10% 

Unknown / not reported 25% n.a. --- 

n.a. – not available. 
a Source: BOVAG-RAI (2012) 
b Source: Statistics Netherlands (CBS, 2011) 
c Data for the Dutch population (Statistics Netherlands, 2011) is provided for the population of age 20 and older. 
d Data on income is available from Statistics Netherlands (CBS, 2011) for disposable household income deciles (appear in the 

Table). Our data was gathered for household gross income using the following breakdown: below €15,000; €15,001 - 

€20,000; €20,001 - €25,000; €25,001-€30,000; €30,001 - €40,000; €40,001 - €50,000; €50,001 - €60,000; €60,001 - €70,000; 

€70,001 - €95,000; above €95,001. 
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Chapter 4 is based on Noppers, E. H., Keizer, K., Milovanovic, M., & Steg, L. The role of 

adoption norms and evaluations of product attributes in the adoption of sustainable 

innovations in the Netherlands. Manuscript submitted to Energy Research & Social Science. 
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1. Introduction 

Various products and services have been introduced that have a relatively low impact on the 

environment, including reduced emissions of greenhouse gases. Examples are electric cars 

and smart energy systems. These sustainable innovations are still in the early adoption phase 

with low adoption rates. Encouraging their adoption is seen as an important strategy to 

combat climate change. It is therefore highly relevant to understand which factors affect the 

likelihood of adopting sustainable innovations. The adoption of innovations is a gradual 

process, and involves more than solely the acquisition or use of innovations (Rogers, 1962, 

2003). It is therefore important to consider different indicators of adoption that reflect 

different steps in the adoption process, including the acceptability of sustainable innovations, 

interest in sustainable innovations and intention to adopt sustainable innovations (Noppers et 

al., 2014, 2015; Rogers, 1962, 2003).  

According to the ISE-model (Noppers et al., 2014; 2015), individual’s evaluations of three 

types of attributes of sustainable innovations play a role in the adoption likelihood of 

sustainable innovations: instrumental, environmental and symbolic attributes. First, people’s 

evaluations of instrumental attributes of sustainable innovations can influence the adoption 

likelihood of sustainable innovations. For instance, beliefs about the extent to which solar 

panels can accommodate one’s energy needs influences the likelihood that one would adopt 

solar panels, while beliefs on the range of batteries can affect the adoption of electric vehicles. 

In general, instrumental attributes of sustainable innovations are evaluated somewhat 

negatively (e.g. Nemry & Brons, 2010; Shah, 2011). Such instrumental drawbacks (e.g. a 

limited driving range of electric cars) are likely to discourage adoption. Second, people’s 

evaluations of the environmental outcomes of adopting a sustainable innovation can affect 

adoption likelihood. Sustainable innovations typically reduce environmental impact and thus 

have favourable environmental attributes, which is likely to enhance adoption. Third, 

evaluations of the symbolic attributes of the innovation can affect adoption likelihood, 

reflecting whether adoption is believed to signal one’s identity or enhance one’s status 

(Dittmar, 1992; Noppers et al., 2014; Sirgy, 1985). Research showed that evaluations of all 

three attribute types affect the adoption likelihood of sustainable innovations (Noppers et al., 

2014, 2015). Interestingly, particularly positive evaluations of symbolic attributes appeared to 

be an important and consistent predictor of the likelihood of adopting various sustainable 

innovations (Korcaj et al., 2015; Noppers et al., 2014, 2015; Schuitema et al., 2013).  
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Symbolic attributes can play a particular important role because sustainable innovations 

typically have some instrumental drawbacks, particularly in the early introduction phase 

(Noppers et al., 2014, 2015). Notably, the adoption of sustainable innovations is likely to be 

more diagnostic of the personality of the adopter when such “discouraging factors” are 

present, increasing the importance of the symbolic attributes in explaining adoption decisions. 

Indeed, attribution theory (Jones & Davis, 1965; Kelley, 1967) and self-perception theory 

(Bem, 1972) suggest that people can use overt behavior to better understand themselves 

(Bem, 1972) and others (Jones & Davis, 1965; Kelley, 1967). According to attribution theory, 

observed behavior can be attributed to internal factors, such as personal characteristics, or 

external factors, such as positive instrumental attributes. A person is more likely to attribute a 

behavior to personal characteristics of the actor (and less likely to external factors) when 

external factors are likely to discourage the observed behavior. For example, if you drive an 

electric car despite its limited driving range, you apparently do not drive an electric car 

because it is convenient (i.e., an external factor), but because you are a person who truly 

wants to do so (i.e., an internal factor). Others as well as self can make these attributions. 

People may be aware of and sensitive to attributions made on the basis of their behavior 

(Calder & Burnkrant, 1977), which suggests that people may be motivated to engage in 

behavior that is likely to lead to desired attributions and avoid behavior that may lead to 

undesired attributions. For example, people may anticipate that adoption of sustainable 

innovations with some instrumental drawbacks strongly signals what type of person one is. As 

a result, positive evaluations of symbolic attributes may more strongly affect the likelihood of 

adopting sustainable innovations. There is some initial empirical evidence that supports this 

reasoning. Notably, evaluations of symbolic attributes appeared to be more predictive of the 

likelihood of adopting sustainable innovations when people perceived the sustainable 

innovations to have some instrumental drawbacks (Noppers et al., 2014, 2015).  

Particularly in the early introduction phase, very few people own or use a sustainable 

innovation. Hence, in the early introduction phase, it is highly unlikely that people who are 

important to you own the sustainable innovation, or even intend or consider to purchase and 

use the sustainable innovation. This implies that adoption norms, which we define as 

perceptions that significant others adopt or consider adopting a sustainable innovation, are 

likely to be weak. Research on social norms suggests that the behavior of others, especially of 

people who are important to us, guide our own behavior (Cialdini, Kallgren, & Reno, 1991, 

Goldstein, Cialdini, & Griskevicius, 2008; Rivis & Sheeran, 2003). Notably, adoption norms 
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can serve as a cue that adoption is not adaptive in the given situation; if significant others are 

not considering adoption of the sustainable innovation, it is probably not a sensible thing to do 

(cf. Cialdini, Kallgren, & Reno, 1991). This suggests that at the early introduction stage, weak 

adoption norms are likely to reduce the likelihood that individuals consider adopting a 

sustainable innovation. 

Extending previous research, we reason that weak adoption norms may affect the adoption of 

sustainable innovations in an indirect way as well, by strengthening the relationship between 

the evaluation of symbolic attributes and adoption likelihood. Similar to instrumental 

drawbacks, adoption is more likely to be attributed to personal characteristics when adoption 

norms are weak, as this is likely to signal that there are seemingly no clear external factors 

encouraging adoption (cf. Jones & Davis, 1965). In the early introduction phase, adoption 

norms are typically weak, making it more likely that adoption signals one’s identity to others 

and to the self. Anticipating on such internal attributions of adoption, evaluations of symbolic 

attributes may be more likely to affect adoption of sustainable innovations when adoption 

norms are weak. This implies that in the early introduction phase of innovations, weak 

adoption norms may not only inhibit adoption, but may also strengthen the relationship 

between evaluations of the symbolic attributes and the likelihood that individuals adopt 

sustainable innovations.  

1.1 Current Study 

This paper aims to test our novel reasoning on how adoption norms can affect the adoption of 

sustainable innovations. More specifically, we test an extended ISE-model and hypothesis that 

adoption norms affect the likelihood of the adoption of sustainable innovations, next to the 

evaluations of the instrumental, environmental and symbolic attributes of sustainable 

innovations (hypothesis 1). We conceptualize adoption norms as beliefs about how many 

significant others consider or intend to adopt a sustainable innovation. Importantly, we not 

only test the direct effect of adoption norms, but additionally test whether the interaction 

between symbolic attributes and adoption norms affects the likelihood of adopting a 

sustainable innovation (See Figure 1). We expect that the evaluations of symbolic attributes 

better predict the likelihood that individuals adopt a sustainable innovation when people 

believe that few significant others would consider or intend to adopt a sustainable innovation, 

and thus when adoption norms are weak (hypothesis 2). 
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We tested our model and hypotheses in two questionnaire studies, focusing on the adoption of 

two different sustainable innovations. The first study examined the likelihood of adopting a 

smart energy system that was going to be offered to inhabitants of a neighbourhood in the 

near future. Study 2 examined the likelihood of adopting an electric car.  

 

Figure 1: Extended ISE-model  

2. Study 1: Adoption of smart energy systems 

Study 1 aimed to test the extended ISE-model and investigated whether adoption norms affect 

the likelihood of adopting smart energy systems, next to individuals’ evaluation of the 

instrumental, symbolic and environmental attributes of a smart energy system. This study was 

part of a field trial that aimed to test smart energy systems among home owners who had 

installed rooftop solar panels
1
 in a neighborhood in Amersfoort, a middle-sized city in the 

Netherlands. We report data from a questionnaire study conducted among potential 

participants before the start of the smart energy system trial. The smart energy system being 

tested included technologies to monitor energy and gas use and energy production of one’s 

solar panels via smart meters and smart plugs. Users were provided with feedback on their 

energy and gas use as well as energy production via an app that could be installed on laptops, 

smart phones, and tablets. Users also would receive detailed feedback on how much energy is 

consumed by using particular devices, and thus learn how much energy can be saved by using 

them less. Also, the feedback would reveal how well one’s own energy production matches 

one’s own energy demand at a given time, which could motivate users to optimize the use of 

self-generated renewable energy.  

                                                           
1
 The solar panels were collectively installed as part of an initiative promoting renewable energy production. 

 



 

 70 

2.1 Method 

2.1.1 Participants and procedure 

Before the announcement and start of the smart energy system project, late 2012, a 

questionnaire study was conducted among a sample of the target group of the project
2
. Three 

hundred questionnaires were distributed door-to-door. The questionnaire contained a brief 

description of the smart energy system that would later be introduced in the neighborhood, 

which stated that smart energy systems provide users with feedback on one’s energy use and 

energy production on the basis of smart metering data. We indicated that the feedback was 

aimed to facilitate users to lower their energy use and to optimally use their own produced 

solar energy by shifting energy use in time. In total 119 questionnaires (40% response) were 

recollected upon appointment. Three months later, early 2013, project participants were 

recruited and were asked to fill out the same questionnaire, as far as they had not done so 

already.
3
 This resulted in 76 additional respondents (see also the method section of Chapter 

5). Hence, in total, the sample comprised of 195 respondents. The mean age of the 

respondents was 46 (SD = 10.97); 127 respondents were male, 66 were female, while 2 

respondents did not specify their gender. Age varied from 36 to 55; people with a higher 

education level were somewhat overrepresented in our sample compared to the Dutch 

population (see Table 1). 

2.1.2 Measures 

Respondents were asked to indicate to what extent they evaluated 6 instrumental, 3 

environmental, and 4 symbolic attributes of smart energy systems negatively or positively, on 

a scale ranging from -5 to 5, with 0 meaning neither negative nor positive (see Table 2 for the 

items). Items were selected from prior studies on sustainable products (Noppers et al., 2014; 

2015; Schuitema & De Groot, 2015; Sonnenberg et al., 2015). When appropriate, responses 

were reverse coded so that higher scores indicated more positive evaluations of the attributes. 

We computed mean scores of the items reflecting the three attributes. On average, respondents 

were slightly positive about the instrumental attributes (M = 0.87, SD = 1.23, Cronbach’s α = 

.72) and symbolic attributes of smart energy systems (M = 0.91, SD = 1.38, Cronbach’s α = 

                                                           
2 Other part of the data has been published in Noppers et al. (2016). Different from Noppers et al. (2016) the current study 

focused on the role of adoption norms in the adoption likelihood of sustainable innovations. In addition, the current study 

included interest in and intention to use a smart energy system as dependent variables, while the dependent variable reported 

in Noppers et al. (2016) was actual adoption of the smart energy system. 
3 Because we invited a random sample of the target group of the project to fill out the questionnaire, not all inhabitants that 

participated in the project had filled out a questionnaire.  
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.79), while they were most positive about the environmental attributes of smart energy 

systems (M = 2.55, SD = 1.37, Cronbach’s α = .77).  

Table 1. Socio demographics sample and the Dutch population in general 

  
Sample 

Dutch 

population
a
 

Gender (male) 65% 50% 

Age  
  

 19-25  3% 8% 

 26-35  11% 16% 

 36-45  35% 19% 

 46-55  32% 20% 

 56-65  9% 17% 

65 and older 8% 20% 

Unknown 3%   

Education  
  

primary or lower 1% 5% 

secondary and 

vocational 
50% 60% 

college and university 49% 34% 

a
 Source: CBS, 2010 

We measured adoption norms by asking respondents what percentage of significant others 

they thought were going to use smart energy systems in the near future. Responses could vary 

from 1: “0%”, 2:”15% and so on up to 7: “90%”. On average, respondents were expecting that 

between 30% and 45% of significant others were going to use smart energy systems in the 

near future (M = 3.73, SD = 1.38).  

Interest in smart energy systems was measured with 2 items. Respondents indicated to what 

extent they agreed with the statements “I am interested in smart energy systems” and “I would 

like to get more information about smart energy systems”. Responses were given on a 7-point 

scale, ranging from “totally disagree” to “totally agree”. Mean scores on both items were 

computed (M = 4.57, SD = 1.43, r = .55).  

 

The intention to use smart energy systems was measured with the statement “I intend to use 

smart energy systems”. Responses were given on a 7-point scale, ranging from “totally 

disagree” to “totally agree” (M = 5.20, SD = 1.42). On average, intentions to use smart energy 

systems were rather strong.  
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Table 2: Measures of evaluations of instrumental attributes, environmental attributes, 

symbolic attributes, adoption norm, interest in smart energy systems and intention to use 

smart energy systems 

Instrumental attributes (Cronbach’s α = .72) .87 (1.23) 

Smart energy systems will cause: less power outages (-5) – more power outages (5)
 R

  

Using smart energy systems will cost me: less time and effort (-5) – more time and effort (5)
 R

  

Smart energy systems will: save me money (-5) – cost me money (5)
 R

  

Smart energy systems will be: less likely to provide the energy I need (-5) – more likely to provide the energy 

I need (5) 
 

Using smart energy systems will make my daily life: less comfortable (-5) – more comfortable (5)  
Smart energy systems give me: less control over my energy use (-5) – more control over my energy use (5)  

Environmental attributes (Cronbach’s α = .77) 2.55 (1.37) 

By using smart energy systems CO2 emissions will: decrease (-5) - increase (5)
R

  

By using smart energy systems environmental problems like global warming will: decrease (-5) - increase 

(5)
R

 

 

By using smart energy systems the quality of the environment will: deteriorate (-5) – improve (5)  

Symbolic attributes (Cronbach’s α = .79) .91 (1.38) 
Smart energy systems fit with how I want to see myself: totally disagree (-5) – totally agree (5)  

I can show who I am by using smart energy systems: totally disagree (-5) – totally agree (5)  

I can distinguish myself from others by using smart energy systems: totally disagree (-5) – totally agree (5) 

The use of smart energy systems says something: negative about me (-5) – positive about me (5) 

 

Adoption norms 3.73 (1.38) 
According to you, what percentage of significant others is going to use smart energy systems in the near 

future? 

 

Interest (r = .55) 

I am interested in smart energy systems 

I would like to get more information about smart energy systems 

4.57 (1.43) 

Intentions to use smart energy systems 

I intend to use smart energy systems 

5.20 (1.42) 

R reverse coded for analyses 

2.2 Results  

2.2.1 Bivariate relationships between adoption norms, the evaluation of instrumental, 

symbolic and environmental attributes of smart energy systems, and likelihood of adoption of 

a smart energy system 

Table 3 shows that, as expected, stronger adoption norms were associated with stronger 

interest in and intentions to use smart energy systems. More positive evaluations of the 

attributes of smart energy systems were also associated with stronger intentions to use smart 

energy systems, and with a stronger interest in smart energy systems, although the evaluation 

of environmental attributes was not significantly related to interest. The more positively 

respondents evaluated the attributes of smart energy systems, the more they expected 

significant others to use smart energy systems. Furthermore, evaluations of the different 

attributes of smart energy systems correlated moderately positively. 
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Table 3: Bivariate correlations between adoption norms, evaluations of instrumental, 

symbolic and environmental attributes, and adoption likelihood of smart energy systems
a
 

 Adoption norms Evaluation 

instrumental 

attributes 

Evaluation 

environmental 

attributes 

Evaluation 

symbolic 

attributes 

Interest in 

smart energy 

system 

Evaluation instrumental 

attributes 

.28**     

Evaluation environmental 

attributes 

.18* .32**    

Evaluation symbolic 

attributes 

.21** .30** .27**   

Interest in smart energy 

system 

.32** .17* .10 .35**  

Intention of using smart 

energy system 

.31** .26** .16* .38** .70** 

*  p < .05  

**  p < .01 

a                Number of participants included to assess bivariate correlation varies from 183 to 195 due to missing values  

2.2.2 Testing the extended ISE-model 

Next, we tested our conceptual model via regression analyses. The model explained 22% of 

the variance in interest in smart energy systems. Results showed that the more the respondents 

expected that significant others would use smart energy systems in the near future the more 

interested they were in smart energy systems (see Table 4). Moreover, the more positive 

respondents’ evaluations of the symbolic attributes of smart energy systems, the more they 

were interested in smart energy systems. Evaluations of the instrumental attributes and the 

environmental attributes did not predict interest in smart energy systems when the other 

variables were controlled for. Moreover, as expected, the evaluation of the symbolic attributes 

were more strongly related to interest in electric cars when adoption norms were weak. More 

specifically, simple slopes analysis (see Figure 2) revealed that the relationship between the 

evaluation of symbolic attributes and interest in smart energy systems was stronger when 

respondents expected that relatively few significant others
4
 would use smart energy systems 

in the near future (β = .48, t(182) = 4.19, p < .001), compared to when they expected 

                                                           
4 Via simple slopes analysis, we investigated whether the effect of evaluations of symbolic attributes on interest in smart 

energy systems differed for different values of adoption norms. The “weak adoption norm” group represents the mean 

adoption norm minus one standard deviation. This corresponded with the belief that approximately 15% of significant others 

would use smart energy systems in the near future. The “strong adoption norm” group represents the mean adoption norm 

plus one standard deviation, corresponding with the belief that approximately 60% of significant others would use smart 

energy systems in the near future. 
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relatively many significant others to use smart energy systems in the near future (β = .22, 

t(182), p = .015).  

Table 4: Regression of interest in and intention to use smart energy systems on evaluations of 

the instrumental, environmental and symbolic attributes of a smart energy system, adoption 

norms, and the interaction between the evaluation of symbolic attributes and adoption norm 

  R2 F df5 β t p 

DV: Interest in smart energy systems .22 9.75 5,177 < .001 

Evaluation of instrumental attributes .10 1.32 .188 

Evaluation of environmental attributes -.07 -0.92 .365 

Evaluation of symbolic attributes .35 4.58 < .001 

Adoption norms    .22 3.23 .001 

Interaction symbolic attributes and adoption norms -.14 -1.97 .050 

DV: Intention to use smart energy systems .24 11.19 5,177   < .001 

Evaluation of instrumental attributes    .14 1.76 .080 

Evaluation of environmental attributes    -.04 -0.55 .583 

Evaluation of symbolic attributes    .39 5.15 < .001 

Adoption norms    .18 2.68 .008 

Interaction symbolic attributes and adoption norms       -.13 -2.08 .039 

 

Figure 2: Relationship between evaluations of symbolic attributes and interest in smart 

energy systems for respondents with weak and strong adoption norms 

Second, our model explained 24% of the variance in intention to use smart energy systems. As 

expected, intentions to use smart energy systems were stronger the more people expected that 

significant others would use smart energy systems in the near future (see Table 4). 

                                                           
5 Some respondents did not fill out all items of a particular scale and were excluded from the relevant analysis. 
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energy systems
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weak adoption norm (-1 SD)
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Furthermore, intentions were stronger when respondents evaluated the symbolic attributes of 

smart energy systems more positively. More positive evaluations of instrumental attributes 

were only weakly related to intentions to use smart energy systems (p = .080), while 

evaluations of the environmental attributes did not significantly contribute to explaining 

intentions to use smart energy systems when the other variables were controlled for. 

Moreover, we again found the expected interaction effect. More specifically, again, simple 

slope analysis (following Aiken and West, 1991) revealed that the relationship between 

evaluations of symbolic attributes and intentions to use smart energy systems was stronger 

when adoption norms were weak (see Figure 3). Hence, evaluations of the symbolic attributes 

of smart energy systems better predicted intentions to use smart energy systems when 

respondents expected relatively few significant others to use the sustainable innovation in the 

near future (β = .52, t(182) = 4.66, p < .001), compared to when they believed that relatively 

many significant other would use smart energy systems in the near future (β = .26, t(182), p = 

.002).  

 

Figure 3: Relationship between evaluations of symbolic attributes and intentions to use smart 

energy systems for respondents with weak and strong adoption norms 

2.2.3 Discussion 

The bivariate correlations showed that adoption norms and evaluations of the three attributes 

of smart energy systems were all positively related to interest in and intention to use smart 

energy systems, supporting hypothesis 1. Yet, only adoption norms and evaluations of 

symbolic attributes were significantly and uniquely related to interest in and intention to adopt 

-1

0

1

 -1 SD  mean  +1 SD

intention to use 

smart energy 

systems

(standardized)

Evaluation of Symbolic attributes

strong adoption norm (+1 SD)

weak adoption norm (-1 SD)
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smart energy systems. This implies that people are particularly more likely to adopt smart 

energy systems when they expect that significant others will use smart energy systems in the 

near future, and when they evaluate the symbolic attributes of smart energy systems more 

positively. More importantly, in line with our theorizing, adoption norms affected the 

likelihood of adopting smart energy systems also in an indirect way. As expected, evaluations 

of the symbolic attributes of smart energy systems better predicted interest in and intention to 

adopt smart energy systems when people expected fewer significant others to use smart 

energy systems in the near future (i.e., when adoption norms were weak), confirming 

hypothesis 2. This suggests that weak adoption norms, which are very likely in the early 

introduction phase of sustainable innovations, may not only inhibit adoption, but also promote 

adoption by enhancing the impact of positive evaluations of the symbolic attributes on 

adoption likelihood.  

3. Study 2: Electric cars 

Study 2 aims to test whether the extended ISE-model can predict the likelihood of adopting a 

different sustainable innovation: an electric car.  

3.1 Method 

3.1.1 Respondents and procedure 

Respondents were residents of a city in the north of the Netherlands
6
. Questionnaires were 

distributed door-to-door, filled out by respondents at their convenience, and recollected at a 

later time upon appointment. In total, 105 people (approximately 60% of the people 

contacted) completed the questionnaire; 53% was male, and the mean age was 45 (SD = 

13.0). The level of income and education of the sample was slightly higher than the Dutch 

average (CBS, 2012), but appeared to be comparable to that of Dutch car owners (CBS, 

2007). 

3.1.2 Measures 

Respondents were asked to indicate to what extent they agreed that a typical full electric car 

had 22 instrumental, environmental and symbolic attributes (see Table 5 for the items, adapted 

from Dittmar, 1992; Steg, Vlek, & Slotegraaf, 2001; Steg, 2005; Vrkljan & Anaby, 2011). 

                                                           
6
 Other parts of the dataset has been published in Noppers et al. (2014). Different from Noppers et al. (2014) that focusses on 

the effect of symbolic attributes and instrumental drawbacks on the adoption likelihood of sustainable innovations the current 

study focuses on the effect of adoption norms on the adoption likelihood of sustainable innovations. 
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Responses were given on a 6-point scale, varying from “totally disagree” to “totally agree”. 

We included 11 instrumental attributes, 8 symbolic attributes, and 3 environmental attributes; 

mean scores were computed of the items reflecting the same attribute. On average, the 

instrumental attributes of an electric car were evaluated slightly positively (M = 3.68, SD = 

.82, Cronbach’s α = .83), the environmental attributes were evaluated positively (M = 5.16, 

SD = 1.01, Cronbach’s α = .79), while the symbolic attributes were evaluated somewhat 

negatively (M = 2.73, SD = 1.10, Cronbach’s α = .90).  

We measured the adoption norms by asking respondents how likely it is that significant others 

would consider an electric car in their next car purchase (see Table 5). Answers were given on 

an 11-point scale varying from 0: “0% - not likely at all”, 1: “10%”, 2: ”20%” and so on to 10: 

“100% - definitely” (M = 3.26; SD = 2.39). 

We included two indicators of likelihood of adopting an electric car: interest in an electric car 

and intentions to buy an electric car. Interest in an electric car was measured with the 

statement “I am interested in an electric car”; responses could range from 1 “totally disagree” 

to 6 “totally agree” (M = 3.06, SD = 1.51). Intention to purchase an electric car was measured 

with 2 items. First, respondents indicated how likely it is that they would consider an electric 

car in their next car purchase, on a 11-point scale ranging from 0: “0% - not likely at all”, 1: 

“10%”, 2: ”20%” and so on to 10: “100% - definitely”. Second, respondents indicated on a 

scale ranging from 1 “totally disagree” to 6 “totally agree” to what extent they agreed with the 

statement “I will never adopt an electric car”. Responses to this last item were reverse-coded, 

so that higher scores reflected a stronger intention to buy an electric car. We standardized the 

scores on both items and computed mean scores to reflect intention to buy an electric car (r = 

.47). 
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Table 5: Items reflecting instrumental attributes, environmental attributes, symbolic 

attributes, adoption norms, interest in electric cars and intention to purchase an electric car 
     M  (SD) 

Instrumental attributes (Cronbach’s α = .83) 3.68 (.82) 

An electric car is comfortable   
The purchase of an electric car is affordable   

An electric car accelerates well  

The use of an electric car is affordable   

An electric car is safe   

An electric car offers the driver flexibility  

An electric car can drive long distances without interruptions   

An electric car is reliable  

An electric car is spacious   

An electric car makes little noise  

An electric car can be charged quickly  

Environmental attributes (Cronbach’s α = .79) 5.16 (1.01) 

An electric car is environmentally friendly   

An electric car emits few particulates  

An electric car emits few greenhouse gases   

Symbolic attributes (Cronbach’s α = .90) 2.73 (1.10) 

An electric car enhances my social status  

An electric car fits with what I find important in life  

An electric car shows who I am 

An electric car fits with my view on life 

An electric car makes a personal statement 

An electric car enables me to distinguish myself from others 

An electric car fits with how I want to see myself 

 

An electric car gives me a sense of authority  

Adoption norms 3.26 (2.39) 

How likely is it that significant others would consider buying an electric car in their next car purchase  

Interest  3.06 (1.51) 

I am interested in an electric car  

Intention to buy an electric car (Standardized, r = .47) .00 (1.00) 

How likely is it that you would consider buying an electric car in your next car purchase  

I will never adopt an electric car (R)  

R: scores were reverse coded   

  

3.2 Results  

 

3.2.1 Bivariate relationships between adoption norms, evaluations of instrumental symbolic 

and environmental attributes, and likelihood of adopting an electric car 

Table 6 shows that the stronger the adoption norm, the higher the interest in and intention to 

buy an electric car. Also, the more positively people evaluated the environmental and 

symbolic attributes of electric cars, the more likely it was that they were interested in and 

intended to adopt an electric car. Most predictor variables were also (moderately) positively 

correlated with each other. The more positive the evaluations of the environmental attributes 

and symbolic attributes, the more likely it is that people expect significant others to consider 

an electric car in their next car purchase. Also, stronger interest in electric cars was associated 

with a stronger intention to adopt an electric car. Evaluations of the instrumental attributes 

correlated with evaluations of the other attributes and with intention to buy an electric car, but 

not with interest in an electric car and adoption norm.      
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Table 6: Bivariate correlations between adoption norms, evaluations of instrumental, 

symbolic and environmental attributes, and interest in and intention to buy an electric car
 a
 

 Adoption norms Evaluation 

instrumental 

attributes 

Evaluation 

environmental 

attributes 

Evaluation 

symbolic 

attributes 

Interest in 

electric car 

Evaluation instrumental 

attributes  

.17     

Evaluation environmental 

attributes 

.29** .37**    

Evaluation symbolic 

attributes 

.28** .21* .31**   

Interest in electric car .57** .01 .27** .29**  

Intention to buy an electric 

car 

.67** .25* .40** .45** .69** 

*  p < .05  

**  p < .01 

a                Number of respondents included to assess bivariate correlation varies from 93 and 104 due to missing values 

3.2.2 Testing the extended ISE-model 

The model explained 42% of the variance of interest in an electric car (see Table 7). As 

expected, stronger adoption norms were associated with a higher interest in an electric car. 

The evaluations of the three attributes did not uniquely predict interest in an electric car when 

controlling for the other variables in the model. Yet, as expected, evaluations of symbolic 

attributes were more strongly related to interest in electric cars when people expect that fewer 

significant others would consider adopting an electric car. More specifically, simple slopes 

analysis revealed that more positive evaluations of the symbolic attributes of an electric car 

particularly enhanced interest in electric cars when respondents believed that few others
7
 

would consider purchasing an electric car (β = .32, t(89) = 2.70, p = .008), while the symbolic 

attributes did not significantly predict interest in electric cars when respondents believed that 

relatively many significant others would consider to purchase an electric car (β = .08, t(89) = 

n.s.; see Figure 4).  

                                                           
7 Via simple slopes analysis we investigated whether the effect of evaluations of symbolic attributes on interest in smart 

energy systems differed for different values of adoption norm. The “weak adoption norm” group represented the mean 

adoption norm minus one standard deviation. This corresponded with the belief that approximately 9% of significant others 

would consider buying an electric car. The “strong adoption norm” group represented the mean adoption norm plus one 

standard deviation, corresponding with the belief that approximately 57% of significant others would consider buying an 

electric car. 
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Table 7: Regression of interest in and intention to adopt an electric car on evaluations of the 

instrumental, environmental and symbolic attributes of electric cars, adoption norms, and the 

interaction between the evaluation of symbolic attributes and adoption norm  

  R2 F df β t p 

DV: Interest in electric car .42 12.25 5,84 < .001 

Evaluation of instrumental attributes -.16 -1.85 .068 

Evaluation of environmental attributes .13 1.43 .157 

Evaluation of symbolic attributes .06 0.63 .531 

Adoption norms    .52 5.65 < .001 

Interaction symbolic attributes and adoption norms -.25 -2.66 .009 

DV: Intention to buy an electric car .54 20.12 5,86 < .001 

Evaluation of instrumental attributes .05 0.64 .521 

Evaluation of environmental attributes .16 1.97 .052 

Evaluation of symbolic attributes .23 2.84 .006 

Adoption norms    .54 6.80 < .001 

Interaction symbolic attributes and adoption norms       -.01 -0.03 .977 

 

Figure 4: Relationship between evaluations of symbolic attributes and interest in electric cars 

for weak and strong adoption norms  

Table 7 shows that stronger adoption norms, and to a lesser extent more positive evaluations 

of the symbolic and environmental attributes were associated with a stronger intention to buy 

an electric car. The evaluations of the instrumental attributes and the interaction between 

adoption norms and evaluations of symbolic attributes did not significantly predict intentions 

to buy an electric car when the other variables were controlled for.  
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3.3.3 Discussion 

Study 2 showed that adoption norms and evaluations of most of the attributes of electric cars 

were positively related to the likelihood of adopting an electric car, supporting hypothesis 1. 

The extended ISE-model explained a considerable amount of the variance in interest in and 

intention to adopt electric cars. Adoption norms were the strongest predictor: generally, 

respondents expect that not many significant others would consider buying an electric car in 

their next car purchase, which inhibits the likelihood of adopting an electric car. 

Evaluations of symbolic attributes and environmental attributes significantly contributed to 

explaining intentions to adopt electric cars, but did not uniquely contribute to the explanation 

of interest in electric cars. More importantly, as expected, evaluations of the symbolic 

attributes of electric cars were more strongly related to interest in an electric car when people 

expected fewer significant others to consider adopting an electric car in the near future, 

offering partial support for hypothesis 2, as we did not find this interaction effect when 

explaining intentions to purchase an electric car.  

4. General Discussion 

4.1 Main findings, theoretical implications and future research directions  

The aim of this research was to examine the relationship between adoption norms, evaluations 

of instrumental, symbolic, and environmental attributes of sustainable innovations and the 

adoption of sustainable innovations. More specifically, we proposed and tested the extended 

ISE-model, investigating how adoption norms affect the likelihood of the adoption of 

sustainable innovations, next to the evaluations of the instrumental, environmental and 

symbolic attributes of sustainable innovations, and whether the relationship between 

evaluations of the symbolic attributes and the likelihood of adopting a sustainable innovation 

is stronger when adoption norms are weak.  

First, as hypothesized, in both studies we found that the more people believed that significant 

others were considering adopting or using a sustainable innovation in the near future, the 

more likely they were to adopt the sustainable innovation themselves. Stronger adoption 

norms thus indeed seem to enhance the adoption of sustainable innovations; this finding is in 

line with social norm theory (e.g. Cialdini, Kallgren, & Reno, 1991). Expectations about 

intentions and behavior of significant others are likely to serve as a cue of whether behavior, 

such as adoption of sustainable innovations, is adaptive; when significant others are expected 
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to consider to adopt the sustainable innovation, adopting the sustainable innovation is 

probably sensible for me as well. This may explain why we found that people evaluated the 

three types of attributes of sustainable innovations more positively when they more strongly 

believed that significant others would consider adopting the sustainable innovation in the near 

feature. Interestingly, adoption norms appeared to be the strongest predictor in the extended 

ISE-model.  

Evaluations of the instrumental, environmental and symbolic attributes were in most instances 

positively correlated with the indicators of adoption likelihood of both smart energy systems 

and electric cars. Similar to previous studies, evaluations of the symbolic attributes appeared 

to be most strongly related to adoption likelihood, and mostly appeared to be the only relevant 

attribute evaluation predicting interest in and intention to adopt the sustainable innovations 

when adoption norms and the evaluations of the other attributes were controlled for, except 

for interest in electric cars. Evaluations of the instrumental and environmental attributes were 

not strongly and uniquely related to adoption likelihood when we tested the full extended ISE- 

model, which could be due to the fact that adoption norms and evaluations of the attributes 

were correlated. 

Importantly, in line with our second hypothesis, results of both studies suggest that adoption 

norms may not only affect adoption likelihood directly, but also indirectly, by affecting the 

extent to which evaluations of symbolic attributes are related to adoption likelihood. Symbolic 

attributes were more strongly related to interest in and intention to use smart energy systems 

and interest in electric cars (but not intentions to buy electric cars) when people believed that 

only few significant others would consider adopting these sustainable innovations in the near 

future. These findings support our theorizing that weak adoption norms increase the 

likelihood that adoption of sustainable innovations is attributed to personal characteristics 

rather than to external factors, which enhances the signaling function and thus the symbolic 

value of adopting a sustainable innovation, making evaluations of symbolic attributes more 

predictive of adoption likelihood. As such, our findings suggest a novel route via which 

adoption norms affect behavior. These findings can be explained on the basis of attribution 

theory and self-perception theory that state that internal attributions are more likely when 

there are no clear external reasons to adopt a sustainable innovation. Our findings suggest that 

people anticipate such attributions when considering the adoption of sustainable innovations, 

which may encourage the adoption of sustainable innovations with positive symbolic 

attributes. Future studies are needed to examine the processes through which adoption norms 
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affect the strength of the relationship between evaluations of symbolic attributes and adoption 

likelihood, and explore the potential role of attribution processes and the perceived signaling 

value in these processes. 

Together, both studies show that people not only own and use products for what they can do 

functionally, but also for what they can symbolize or signal to self and others (Dittmar, 1992; 

Sirgy, 1985). Positive evaluations of the symbolic attributes of sustainable innovations may 

enhance the likelihood that people adopt sustainable innovations, particularly when adoption 

can be attributed to personal characteristics rather than to external circumstances. In this 

respect, our study extends previous research by suggesting that the relationship between 

evaluations of symbolic attributes and adoption of sustainable innovations is not only stronger 

when sustainable innovations have some instrumental drawbacks (Noppers et al., 2014; 

2015), but also when people believe that few significant others would consider adoption (e.g., 

when adoption norms are weak). This interaction effect applied to the adoption likelihood of 

energy systems and interest in electric cars but not to the intention to adopt electric cars. 

Therefore future research is needed to better understand the conditions under which weak 

adoption norms may strengthen the relationship between the evaluation of symbolic attributes 

and adoption likelihood. 

A limitation of the current research is that adoption norms were measured with single-item 

questions in both studies, which may be less reliable than a multi-item measure. Future 

research could employ a multi-item measure, for instance by including items about 

perceptions of considerations, intentions and behavior of important others in an adoption 

norm scale. Yet, importantly, we found similar results in both studies so we expect that this is 

not a great concern for the current research. 

We measured all constructs in one questionnaire, following a correlational design. Hence, we 

cannot draw firm conclusions about the causal direction of the relationships found. We 

reasoned that strong adoption norms increase the likelihood that people adopt a sustainable 

innovation, but it may also be likely that people who are prone to adopt a sustainable 

innovation in the near future may infer from this that others who are important to them are 

likely to do so as well. Future research could examine these relationships further by 

employing experimental designs, and for example manipulate the strength of adoption norms 

and examine how this affects evaluations of attributes of sustainable innovations as well as 

the adoption of such innovations. 
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4.2 Practical implications 

Our research has some important practical implications. First, stronger adoption norms seem 

to encourage the adoption of sustainable innovations. Yet, few people, including those who 

are important to people, are likely to consider adopting a sustainable innovation in the early 

stages of introduction. Hence, at the introduction stage of the sustainable innovation adoption 

norms are likely to be weak, which will inhibit adoption of sustainable innovations. 

Highlighting the weak adoption norms at this stage will thus probably be counterproductive. 

However, inaccurately suggesting high adoption rates in this stage may be even more harmful, 

as it is not likely to influence people’s perception that their significant others will adopt the 

innovation, but may reduce the positive indirect effect of the symbolic attributes. Is adoption 

therefore doomed to fail? Our research indicates that this is not necessarily the case. What 

adopting a sustainable innovation says about you seems to be more strongly related to 

adoption likelihood when adoption norms are weak. Highlighting or enhancing symbolic 

attributes is therefore likely to be a (more) effective strategy at this stage. This strategy may 

particularly be promising as symbolic attributes are particularly important to people who are 

likely to adopt innovations at an early stage (Noppers, 2015; Rogers, 2003; 1963). Positive 

symbolic attributes of sustainable innovations could for example be stressed in campaigns 

emphasizing positive outcomes of owning and using sustainable innovations for one’s identity 

and status. Such approaches could involve advertisements displaying owners of sustainable 

innovations who have a positive self-image and are positively evaluated by their significant 

others.  

Our research does not suggest that adoption of sustainable innovations should be promoted by 

downplaying adoption norms. In fact, adoption norms are strongly positively related to the 

likelihood of adopting sustainable innovations. At later adoption stages, adoption norms will 

likely become stronger when sustainable innovations are more widely adopted. At this point, 

it makes sense to promote sustainable innovations by providing information on adoption 

norms, as this is likely to signal that adopting a sustainable innovation is “adaptive behavior”. 

Adoption norms can be strengthened by highlighting the uptake of the sustainable innovation 

through marketing campaigns.  

Lastly, our results could suggest campaigns should not emphasize positive instrumental and 

environmental attributes in promoting sustainable innovations, as evaluations of instrumental 

attributes and environmental attributes were not strong predictors of adopting sustainable 
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innovations. We believe that such a conclusion would be premature. Although evaluations of 

instrumental and environmental attributes of sustainable innovations did not always uniquely 

contribute to the explanation of the likelihood of adopting a sustainable innovation, we did 

find mostly significant positive correlations between the evaluations of these attributes and 

the likelihood of adopting sustainable innovations as well as adoption norms. Instrumental 

attributes and environmental attributes thus seem to matter to people, although evaluations of 

these attributes are not the most important and unique predictors of the likelihood that people 

will adopt a sustainable innovation.  

To conclude, our results suggest that people are more likely to adopt a sustainable innovation 

when they believe that significant others would consider adoption, and when they evaluate the 

symbolic, and to a lesser extent, the instrumental and environmental attributes of the 

innovation favorably, providing support for the extended ISE-model. Additionally, we found 

that evaluations of symbolic attributes are more strongly related to the adoption of sustainable 

innovations when adoption norms are relatively weak.
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Chapter 5 has been published as Noppers, E. H., Keizer, K., Milovanovic, M., & Steg, L. 

(2016). The importance of instrumental, symbolic, and environmental attributes for the 

adoption of smart energy systems. Energy Policy, 98, 12-18.  
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1. Introduction 
 

1.1 Introduction 

The adoption of innovative products and services that use less energy or optimize the use of 

renewable energy sources is an important strategy for combatting climate change. Some 

promising sustainable innovations that were recently introduced to the market include electric 

cars, solar panels, and smart energy systems. This paper focuses on smart energy systems, 

which we define as devices that monitor the production and use of energy by households, and 

deliver households detailed feedback on their energy production and use. Such smart energy 

systems could reduce consumers’ fossil energy use and related emissions of greenhouse gases, 

by increasing their understanding of ways to reduce their fossil energy use and to make better 

use of self-generated renewable energy sources. Matching the demand of energy to the 

available supply of renewable energy is important for the development of efficient and 

sustainable smart grids (Steg et al., 2015). Yet, the impact of smart energy systems on the 

quality of the environment depends in the first instance on whether consumers actually adopt 

these smart energy systems. Hence, it is vital to understand what drives consumers to adopt 

sustainable innovations such as smart energy systems (Sintov & Schultz, 2015).  

Previous research revealed that several factors encourage or inhibit willingness to adopt 

sustainable innovations, including financial costs (Bockarjova & Steg, 2014; Sierzchula et al., 

2014), environmental consequences (Bockarjova & Steg, 2014), technical support provided 

(Jager, 2006), and the extent to which consumers tend to be earlier or later adopters of the 

relevant product category (Noppers et al., 2015; cf. Rogers, 1962). Also, social factors 

influence the likelihood of adopting sustainable innovations, including social norms (Ozaki & 

Sevastyanova, 2011) or whether neighbors already adopted the innovation (Graziano & 

Gillingham, 2014). These studies typically focused on factors that affect the utility of 

sustainable innovations, and the expectations and behavior of significant others. Furthermore, 

some studies suggest that identity and self-expression considerations play a role in adopting 

sustainable innovations. For instance, studies on hybrid electric car ownership found that 

owners feel they can express themselves with a hybrid car (Heffner, 2007; Ozaki & 

Sevastyanova, 2011). On the basis of these findings and theorizing in consumer research, the 

conceptual model on motivations to adopt sustainable innovations was proposed (Noppers et 

al., 2014). According to this model, the likelihood of adopting a sustainable innovation 
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depends on how consumers evaluate its instrumental, environmental and symbolic attributes. 

We will explain the model in the next Section.  

1.2 The conceptual model on motivations to adopt sustainable innovations 

The conceptual model on motivations to adopt sustainable innovations (Noppers et al., 2014, 

see Figure 1) postulates that products afford several functions for consumers, which influence 

the likelihood of adoption (cf., Dittmar, 1992). First, instrumental attributes reflect the utility 

of owning and using a sustainable innovation (Dittmar, 1992; Noppers et al., 2014; Schuitema 

et al., 2013). For instance, electric cars have a limited range, and solar panels on one’s roof do 

not produce energy all the time, which may inhibit their adoption. Smart energy systems 

monitor energy production and use and provide feedback on energy production and use, 

which can help the user to save money that may increase adoption likelihood. Second, the 

conceptual model suggests that a product may be adopted for its favorable environmental 

attributes (Noppers et al., 2014). Environmental attributes of sustainable innovations reflect 

the outcomes of owning and using a sustainable innovation for the quality of the environment 

(Noppers et al., 2014; 2015; Schuitema & De Groot, 2015; Sonnenberg et al., 2015). The 

environmental attributes of sustainable innovations often stand out as sustainable innovations 

are typically developed to help reduce environmental problems. The conceptual model 

suggests that next to the evaluations of the instrumental and environmental attributes, the 

evaluations symbolic attributes play an important role in the adoption likelihood of 

sustainable innovations. Symbolic attributes of sustainable innovations reflect the effects of 

owning and using sustainable innovations on one’s (self-)identity and social status (Dittmar, 

1992; Noppers et al., 2014, Schuitema et al., 2013). Indeed, previous research found that 

when people’s status motives were activated, sustainable products were preferred over more 

luxurious non-sustainable products (Griskevicius, Tybur, & Van den Bergh, 2010), suggesting 

that perceptions of what a sustainable product says about the owner can increase preference 

for that product. Adopting a sustainable innovation can signal who or what we are or want to 

be (e.g., Heffner, 2007; Ozaki & Sevastyanova, 2011), both to ourselves and others, which 

can affect adoption likelihood.  
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Figure 1: The conceptual model on motivations to adopt sustainable innovations. 

Previous research on sustainable innovations revealed that evaluations of all three types of 

attributes predict unique variance in the likelihood of adopting sustainable innovations. More 

specifically, more favorable evaluations of instrumental attributes, environmental attributes, 

and symbolic attributes increase adoption likelihood, as reflected in for example the 

acceptability of, interest in and intention to adopt sustainable innovations (Korcaj et al., 2015; 

Noppers et al., 2014, 2015, Schuitema et al., 2013). Interestingly, the symbolic attributes 

appeared to be a relatively strong predictor of these proxies of adoption, and the symbolic 

attributes of sustainable innovations appeared to be evaluated more positively by earlier 

adopters as compared to later adopters (Noppers et al., 2015).  

However, as yet, most research that tested the effects of instrumental, environmental and 

symbolic attributes on adoption of sustainable innovations, and all studies testing the effects 

of the three attributes in concert, focused on proxies of adoption, such as acceptability of, 

interest in, and intention to purchase a sustainable innovation and did not study actual 

adoption. Yet, intentions may not always translate into behavior (Morwitz et al., 2007; 

Sheppard et al., 1988), and drivers of intentions to adopt innovations may not always 

correspond with drivers of their actual adoption (see Arts, Frambach, and Bijmolt, 2011, for a 

review). Hence, an important question is to what extent people’s evaluations of the different 

attributes also predict the actual adoption of sustainable innovations. Would the evaluations 
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of symbolic attributes play an important role in predicting actual adoption as well, even when 

controlled for evaluations of the instrumental and environmental attributes? 

1.3 Current study 

We aim to address this gap in the literature in two ways. First, we will examine how 

evaluations of the three attributes of a sustainable innovation differ across those who adopted 

versus did not adopt a sustainable innovation. Second, we will study to what extent the 

evaluations of these attributes explain actual adoption of a sustainable innovation. As a case 

of point, we focus on adoption of smart energy systems by people who have solar panels 

installed on their roof. Such smart energy systems can monitor one’s energy use and energy 

production of one’s solar panels via smart meters and smart plugs. On the basis of this, the 

smart energy systems deliver households feedback on their energy use (total as well as on a 

plug level) and production via an app that can be installed on smart phones, laptops, tablets or 

computers. It is up to the user whether or not to actually change energy behavior. Such smart 

energy systems enable users to reach a better understanding of ways to reduce their fossil 

energy use and make better use of the solar energy they produce themselves. Users of the 

smart energy system can for instance learn how much energy is used by employing particular 

appliances, and thus how much energy can be saved by using them less. Also, users can learn 

to what extent their solar energy production matches their energy demand, enabling them to 

change their energy use behavior such as operating appliances at different times to better 

match their energy demand and supply, thereby optimizing the use of self-generated energy. 

2. Method 

2.1 Respondents and procedure
1
 

2.1.1 Description of the project that aimed to test smart energy systems  

The study was part of a local project
2
 that aimed to test smart energy systems, the sustainable 

innovation we focus on in this study. The project took place in a residential area, in and 

around the neighborhood Nieuwland in Amersfoort, a middle-sized city in the Netherlands. 

This neighborhood comprises single houses equipped with rooftop solar panels
3
; inhabitants 

were generally families with children. Early 2013, inhabitants were invited to join a local 

                                                           
1
 The dataset for this study was also used for a study reported in Chapter 4. The current chapter includes a different 

dependent variable: actual adoption of a smart energy system. 
2 See www.smartgridrendement.nl for more information on the project (in Dutch). 
3 The solar panels were installed as part of the PV UP-Scale initiative in 1999. 
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initiative called ‘AmersVolt’. A campaign was launched to recruit project participants. The 

recruitment campaign included free publicity infomercials in local newspapers, and leaflets 

that were put in the mailbox of households in Nieuwland. The recruitment campaign was 

concluded with an informational event hosted at a local primary school. The event was 

announced in the local newspaper, and advertised on a mobile billboard in Nieuwland, two 

days prior to the event. After this event, residents could sign up as project participants and 

would receive a smart meter, five smart plugs and an app free of charge, in return for their 

participation in the project. The smart meter monitors their total gas and electricity use as well 

as the energy generated by their solar panels. The smart plugs aimed to monitor energy use of 

five large appliances. The app could be installed on their smart phone, tablet, laptop or 

computer and provides them with continuous one-hour resolution feedback on the basis of the 

metering devices installed. Notably, project participants received feedback on their total 

household energy use, total photovoltaics solar energy production, and energy use of five 

large appliances (e.g. white appliances, home entertainment systems) measured by individual 

smart plugs. Feedback was provided separately for electricity and gas usage. Project 

participants would receive feedback over a two-year long period, and had continuous access 

to their personal data. 

Participating in the project meant a voluntary two-year long commitment as a research 

participant, using and evaluating a number of energy-related services deployed by the project, 

and giving project partners the right to collect one’s household energy use data for research 

purposes. Project participants gave their informed consent for participating in the research 

aimed to evaluate the effect of the smart energy technologies on household energy use. 

Notably, they agreed to release their energy production and energy use data collected via the 

smart meters and devices. Furthermore, they committed themselves to fill out questionnaires 

on their motivation to participate, and their experiences with the system; the latter is not 

discussed here as it is not relevant for the purpose of the present paper.  

2.1.2 Study sample 

To study which factors affect the adoption of smart energy systems, we recruited a sample of 

people that decided to participate in the smart energy system project (i.e., adopters) as well as 

people who decided not to participate in the project (non-adopters). We recruited participants 

for the current study in two waves.  
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2.1.3 Wave 1 

Before the start and announcement of the project and before the recruitment campaign, we 

approached inhabitants of Nieuwland at their homes (residents in the targeted neighborhood), 

and asked them to complete a questionnaire that aimed to study factors influencing the 

adoption of smart energy systems. Hence, at this moment, participants were not aware of the 

project. Smart energy systems were briefly introduced in the questionnaire as systems that 

provide users with feedback on one’s energy use and energy production on the basis of smart 

metering data. It was indicated that the feedback aimed to facilitate users to optimally use 

their own produced solar energy, thereby reducing fossil energy use delivered by large energy 

companies. They could do so by reducing their energy use or by shifting energy use as to 

optimize demand-supply matching.  

The questionnaire included, amongst others, questions about evaluations of the instrumental, 

environmental, and symbolic attributes of such smart energy systems. Late 2012, five research 

assistants distributed the questionnaires door-to-door among a representative sample of the 

project’s target population. About 40% of the approximately 300 people contacted agreed to 

fill out the questionnaire. In total 119 questionnaires were recollected at participants’ homes 

upon appointment (see Figure 2).  

As indicated above, early 2013, which was about three months after wave 1, the smart energy 

system project was officially introduced, and the marketing campaign to recruit project 

participants was launched (see above). From the sample of 119 respondents that filled out the 

questionnaire in the first wave, 10 decided to join the project.  
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Figure 2: Flow-chart of recruitment method, number of participants and non-response. 

2.1.4 Wave 2 

As a result of the recruitment campaign, 100 households decided to participate in the smart 

energy system project. From these 100 households, 10 households had completed the 

questionnaire in the first wave (see above), while the other 90 households were asked to fill 

out the same questionnaire as used in wave 1 immediately after they decided to join the smart 

energy systems project (i.e., wave 2). Hence, data collection in wave 2 started immediately 

after people decided to join the project (i.e., early 2013), but well before the smart energy 

devices were installed; the actual installation of the smart energy system devices started in 

August 2013. Of the 90 project participants recruited in wave 2, 76 filled out the questionnaire 

(84% response), 14 did not and are not part of the current study.  

2.1.5 Total sample 

The description above reveals that in total 195 people filled out the questionnaire, of which 86 

participated in the smart energy systems project; we will refer to this group as adopters. The 

remaining 109 respondents who filled out a questionnaire did not sign up for the project and 

were labeled as “non-adopters” of smart energy systems (see Figure 2). The mean age of the 

respondents was 46 (SD = 10.97); 127 respondents were male, 66 were female, while 2 

respondents did not specify their gender. Compared to the Dutch population, participants in 

our sample have a somewhat higher level of education. Also, people between the age of 36 
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and 55 and males are somewhat overrepresented in our sample, while young adults and 

elderly people are somewhat underrepresented in our sample (see Table 1). 

Table 1: Socio demographics in the research sample and in the Dutch population 

  Sample 

 

Dutch 

population
a
 

Gender (male) 65% 50% 

Age  
  

 19-25  3% 8% 

 26-35  11% 16% 

 36-45  35% 19% 

 46-55  32% 20% 

 56-65  9% 17% 

65 and older 8% 20% 

unknown 3%   

Education  
  

primary or lower 1% 5% 

secondary and 

vocational 
50% 60% 

college and university 49% 34% 

a
 Source: CBS, 2010 

2.2 Measures 

Respondents evaluated 6 instrumental attributes of smart energy systems, 3 attributes 

reflecting consequences of the use and ownership of smart energy systems for the 

environment, and 4 attributes reflecting outcomes of the use and ownership of smart energy 

systems for one’s (self-)identity and status; see Table 2 and Appendix A for an overview of 

all items. Items were based on prior studies on the adoption of sustainable products (Noppers 

et al., 2014; 2015; Schuitema & De Groot, 2015; Sonnenberg et al., 2015). Respondents 

indicated to what extent they evaluated the instrumental, environmental, and symbolic 

outcomes positively or negatively, on a scale ranging from -5 to 5 (see Table 2), with 0 

meaning neither negative nor positive. When appropriate, responses were recoded so that a 

higher score on all questions indicated a more positive evaluation (see Table 2). Cronbach’s 

alphas indicated that the items measuring instrumental attributes (α = .72), environmental 

attributes (α = .77), and symbolic attributes (α = .79) all formed reliable scales, so scores on 

the relevant attributes were averaged into three scales reflecting evaluations of instrumental, 

environmental and symbolic attributes of smart energy systems, respectively. A few 
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respondents did not fill out all questions: three respondents did not fill out all items of the 

environmental attributes scale, while one of these three respondents also did not fill out all 

items of the instrumental attributes scale. These respondents were excluded from the relevant 

analysis.  

Table 2: Items reflecting evaluations of instrumental, environmental, and symbolic attributes 

of smart energy systems 

     M  (SD) 

Instrumental attributes (Cronbach’s α = .72) .87 (1.23) 

Smart energy systems will cause: less power outages (-5) – more power outages (5)
R

  

Using smart energy systems will cost me: less time and effort (-5) – more time and effort (5)
R

   

Smart energy systems will: save me money (-5) – cost me money (5)
R

  

Smart energy systems will be: less able to provide the energy I need (-5) – better able to provide the energy I 

need (5)  

 

Using smart energy systems will make my daily life: less comfortable (-5) – more comfortable (5)  

Smart energy systems give me: less control over my energy use (-5) – more control over my energy use (5)  

Symbolic attributes (Cronbach’s α = .79) .91 (1.38) 
The use of smart energy systems says something: negative about me (-5) – positive about me (5)  

Smart energy systems fit with how I want to see myself: totally disagree (-5) –  totally agree (5) 

By using smart energy systems I will be: less able to distinguish myself from others (-5) – more able to 

distinguish myself from others (5) 

 

I can show who I am by using smart energy systems: totally disagree (-5) –  totally agree (5)  

Environmental attributes (Cronbach’s α = .77) 2.55 (1.37) 

By using smart energy systems CO2 emissions will: decrease (-5) - increase (5)
R

  

By using smart energy systems environmental problems like global warming will: decrease (-5) - increase 

(5)
R

 

 

By using smart energy systems the quality of the environment will: deteriorate (-5) – improve (5)  
R

 reverse coded in analyses 

3. Results 

3.1 Evaluations of the attributes 

On average, respondents evaluated the instrumental attributes (M = 0.87, SD = 1.23) and 

symbolic attributes (M = 0.91, SD = 1.38) of smart energy systems slightly positive, and 

evaluated the environmental attributes of smart energy systems most positively (M = 2.55, SD 

= 1.37). 

3.2 Evaluation of the attributes by adopters versus non-adopters 

To address our first question on whether evaluations of the three attributes of smart energy 

systems differ for adopters and non-adopters, independent samples t-tests were conducted to 

compare the evaluations of the three attributes of smart energy systems by adopters and non-

adopters. Results showed that adopters and non-adopters only significantly differed in the 

evaluation of the symbolic attributes of smart energy systems: adopters were more positive (M 
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= 1.23, SD = 1.26) about the symbolic attributes than non-adopters were (M = 0.65, SD = 

1.43): t(193) = -2.99, p = .003. Adopters evaluated the instrumental attributes of smart energy 

systems on average slightly more positively (M = 1.04, SD = 1.15) than non-adopters (M = 

0.73, SD = 1.28), but this difference was not statistically significant, t(192) = -1.74, p = .084. 

Average scores of the evaluations of the environmental attributes did not significantly differ 

for adopters (M = 2.48, SD = 1.20) and non-adopters either (M = 2.60, SD = 1.50): t(190) = 

0.59, p = .559.
4
 

3.3 Testing the full model: explaining actual adoption with evaluations of the attributes 

Next, to address our second question, we examined to what extent evaluations of the attributes 

explained actual adoption of a sustainable innovation via logistic regression analysis. Results 

showed that the three factors (attributes) as a set reliably distinguished between adopters and 

non-adopters (see Table 3). Adopters of smart energy systems had more positive evaluations 

of the symbolic attributes of smart energy systems than non-adopters had (see Table 3). 

Evaluations of the instrumental attributes and evaluations of the environmental attributes did 

not explain adoption of smart energy systems, as in both cases the odds-ratio did not 

significantly differ from 1 (see Table 3).  

 

Table 3: Logistic regression model explaining adoption of smart energy systems 
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Adoption of smart energy system .09 13.08 3 251.003 .004    

Instrumental attributes      1.21 0.92 1.58 

Environmental attributes      .80 0.63 1.02 

Symbolic attributes      1.41 1.11 1.79 

a Odds-ratio 
b Lower Limit 95% confidence interval 
c Upper Limit 95% confidence interval 

 

 

                                                           
4
 We explored differences in the evaluations of adopters who filled out the questionnaire before they decided to participate in 

the smart energy project (N=10), and adopters who filled out the questionnaire after they decided to participate in the project 

(without actually using the smart energy system yet; N=76). Levene’s test for equality of variances revealed that variances 

differed significantly across both groups. A t-test assuming unequal variances revealed that on average, the two groups did 

not differ in their evaluations of the attributes. Hedges’ g was used for calculating effect size because it accounts for different 

sample sizes (Durlak, 2009). Instrumental attributes: Mbefore = 1.50, SDbefore = 1,72, Mafter = 0.98, SDafter = 1.06; t(84) = -0.93, 

p = .373, g = .045). Environmental attributes: Mbefore = 2.87, SDbefore = 1,59, Mafter = 2.43, SDafter = 1.14; (t(84) = -0.84, p = 

.419, g = .359). Symbolic attributes: Mbefore = 1.65, SDbefore = 0.57, Mafter = 1.18, SDafter = 1.31; (t(84) = -2.01, p = .055, g = 

.805). Please note that these results should be interpreted with care, due to the small number of adopters who filled out the 

questionnaire before the smart energy system was introduced.  
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4. Discussion 

First, we investigated differences in the evaluation of the instrumental, environmental and 

symbolic attributes of smart energy systems between adopters and non-adopters. Results 

revealed that respondents were on average somewhat positive about the instrumental and 

symbolic attributes of smart energy systems, while they evaluated the environmental 

attributes most favorably. Interestingly, adopters only evaluated the symbolic attributes of 

smart energy systems significantly more favorably than non-adopters, while their evaluation 

of the instrumental and environmental attributes did not differ significantly. This finding is in 

line with research comparing evaluations of attributes of sustainable innovations of groups 

that identify themselves as earlier versus later adopters. For example, research showed that 

people who see themselves as earlier adopters of innovative cars were more positive about the 

symbolic attributes of electric cars than people who see themselves as later adopters of 

innovative cars, but the extent to which someone sees himself or herself as an earlier or later 

adopter of innovative cars was not related to evaluations of the instrumental and 

environmental attributes of electrics cars (Noppers et al., 2015).  

Second, we examined to what extent evaluations of instrumental, environmental, and 

symbolic attributes explained the actual adoption of smart energy systems. Our results showed 

that evaluations of symbolic attributes were the only significant factor explaining the actual 

adoption of smart energy systems, while evaluations of the instrumental and environmental 

attributes did not explain actual adoption when the evaluation of symbolic attributes were 

controlled for. This finding replicates results of studies examining factors influencing proxies 

of the adoption of different sustainable innovations such as interest in sustainable innovations, 

acceptability of sustainable innovations, or intentions to adopt sustainable innovations, which 

consistently found that evaluations of symbolic attributes are an important predictor of these 

indicators of adoption of sustainable innovations (Korcaj et al., 2015, Noppers et al., 2014, 

Noppers et al., 2015, Schuitema et al., 2013). This finding is also in line with qualitative data 

showing that self-expression is given as one of the reasons to adopt sustainable innovations 

(e.g., Heffner, 2007; Ozaki & Sevastyanova, 2011). Importantly, the current study shows that 

the evaluations of symbolic attributes can explain the actual adoption of sustainable 

innovations, even when the effects of other variables are controlled for. This is an indication 

of the robustness of the effect.  
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The finding that similar factors seem to predict different proxies of adoption and actual 

adoption of a sustainable innovation suggests that research on proxies of adoption can give 

relevant insights in which factors will influence actual adoption. Studying such proxies of 

adoption can be particularly useful in the very early stages of introduction of sustainable 

innovations, when only very few people have actually adopted the innovation.  

Although evaluations of the attributes of smart energy systems significantly explained the 

adoption of these systems, a considerable proportion of the variance in adoption was not 

explained by the evaluations of its instrumental, environmental, and symbolic attributes. This 

suggests that other factors besides the evaluations of these attributes are also important for the 

adoption of smart energy systems. Future research could examine the role of other potential 

important factors promoting the adoption of sustainable innovations, like (environmental) 

values (Chen, 2014; Steg et al., 2015), social norms (Cialdini, Kallgren, & Reno 1991; Nolan 

et al., 2008; Ozaki & Sevastyanova, 2011; Schultz et al., 2007), knowledge and technical 

support (Jager, 2006), trust in the program or in providers of innovations, effort or resources 

needed to acquire the innovations, and marketing efforts (Stern, 1986; Stern et al., 1986). In 

addition, future research could consider individual differences in the extent to which different 

factors may predict actual adoption of sustainable innovations. A relevant individual 

difference factor may be adopter segment, that is, whether individuals are likely to be earlier 

or later adopters (Rogers, 2003; Noppers et al., 2015). Moreover, future research could 

investigate how and to what extent the symbolic attributes of sustainable innovations can be 

emphasized and enhanced, as to promote the adoption of such innovations. 

For firmly establishing a causal relationship between evaluations and adoption, ideally 

evaluations of the attributes are measured first and subsequently adoption behavior is 

measured. Unfortunately, we could not strictly follow this procedure. Yet, we did not find 

significant differences in the evaluations of the three attributes between adopters who filled 

out the questionnaire well before they decided to adopt and adopters who filled out the 

questionnaire right after they decided to adopt the smart energy system. However, these 

results should be interpreted with care, because only few respondents filled out the 

questionnaire before they decided to adopt smart energy systems (N = 10). Moreover, people 

who filled out the questionnaire after deciding to participate in the project seemed to be 

somewhat more positive about the symbolic attributes of smart energy systems than people 

who filled out the questionnaire before the start of the project, yet the difference was small 

(Mbefore = 1.65 vs Mafter = 1.18, Hedges’ g = 0.805) and not statistically significant.  
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Our sample included people who own solar panels and who live in a neighbourhood including 

mainly family housing. Also, comparing the demographics of our sample to demographics of 

the Dutch population indicates that our sample is not fully representative of the Dutch 

population. Future research is needed to investigate whether our findings apply to the Dutch 

population as a whole, and to populations in other countries and cultures. 

The smart energy systems were offered for free to participants of the project, provided that 

they granted permission to share their smart metering data with the research team, and 

provided that they would complete questionnaires aimed to evaluate their motivations to 

participate and experiences with the system. This could have influenced the adoption decision 

of our participants. Some people may have been interested in adopting the smart energy 

technology, but decided not to participate in the project because they were not willing to 

participate in the research project. On the other hand, some people may have participated in 

the project because the smart energy technology was offered free of charge, while they would 

not consider adopting it when they had to pay for it themselves. These are common problems 

faced when evaluating the effect of programs introducing sustainable innovations. Future 

research could investigate motives for actual adoption of sustainable innovations in a more 

realistic market setting to test the robustness of our findings. Furthermore, although smart 

energy systems were marketed in the area where we administered our questionnaires, we 

could not control for the level of exposure to marketing materials. Consequently, adopters and 

non-adopters could have had different level of exposures to these marketing materials, which 

could have contributed to the adoption decision.  

5. Policy implications and conclusions 

Our results have some implications for policy to promote smart energy systems, and more 

generally sustainable innovations. Our findings reveal the relative importance of positive 

evaluations of symbolic attributes in encouraging the adoption of smart energy systems. 

Policy could try to emphasise and strengthen the symbolic value of sustainable innovations. 

Governmental campaigns are an example of such a policy to stimulate adoption. Currently, 

such campaigns often focus on saving money or protecting the environment (e.g., Bolderdijk 

et al., 2013). Rather than merely stressing the instrumental and environmental benefits of 

sustainable innovations, or downplaying potential instrumental drawbacks, our research 

suggests that campaigns could also stress positive symbolic attributes of sustainable 

innovations. For example, it can be emphasized that adopting sustainable innovations signals 
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positive traits like concern for others and intelligence (Heffner et al., 2007). Campaigns could 

demonstrate that sustainable innovations are typically adopted by innovative, environmentally 

friendly, or successful persons, thereby also communicating that adopting such innovations 

enhance one’s social status (see also Noppers et al., 2015; Heffner et al., 2007). Similarly, 

campaigns could demonstrate that adopters of sustainable innovations are perceived by others 

as successful persons.  

To conclude, what adopting smart energy systems says about a person is an important factor 

determining its adoption, as evaluations of the symbolic attributes explain actual adoption of 

smart energy systems, even when controlling for the evaluations of instrumental attributes and 

symbolic attributes. This is in line with earlier research predicting proxies of adoption of 

different sustainable innovations, which implies that studying proxies of adoption may yield 

important insights on which factors predict actual adoption. Studying proxies may particularly 

be relevant in the early introduction phase. Improving and highlighting the symbolic attributes 

of smart energy systems, and more generally sustainable innovations, can potentially be an 

effective (social) marketing strategy promoting adoption of sustainable innovations. 
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6. General Discussion 

6.1 Summary of the main findings and theoretical implications 

6.1.1 Testing the ISE-model to explain the likelihood of adopting sustainable innovations 

The environmental success of sustainable innovations depends heavily on the likelihood that 

consumers will adopt them. In this dissertation we argue that three types of motivations play a 

role in the likelihood of adopting sustainable innovations: the utility, environmental outcomes 

and symbolic value associated with the adoption of the innovation. More specifically, we 

propose that the acceptability of, interest in, intentions to, and actual adoption of sustainable 

innovations depends on how people evaluate the instrumental, symbolic, and environmental 

attributes of sustainable innovations (the ISE-model, see Figure 1). In this PhD thesis, we 

tested the ISE-model, thereby extending previous research in two important ways. First, the 

symbolic value of sustainable innovations has hardly been studied before, while evaluations 

of symbolic attributes may be particularly important for the adoption of sustainable 

innovations. Second, little is known about the relative importance of the evaluations of these 

three attributes for the adoption likelihood of sustainable innovations.  

 

Figure 1: Conceptual model on the impact of evaluations of Instrumental, Symbolic, and 

Environmental attributes on adoption of sustainable innovations (ISE-model) 
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The research included in this thesis consistently revealed that, as hypothesized, more positive 

evaluations of the instrumental, environmental, and symbolic attributes enhanced adoption 

likelihood of sustainable innovations. First, bivariate correlations show that positive 

evaluations of instrumental attributes of sustainable innovations enhanced the likelihood of 

adopting sustainable innovations. More specifically, except for a non-significant correlation 

between evaluations of instrumental attributes and interest in electric cars in Chapter 2, we 

found that positive evaluations of instrumental attributes of sustainable innovations enhanced 

interest in and intention to purchase electric cars (Chapter 3) and acceptability of, interest in, 

and intention to adopt renewable energy systems (Chapter 2 and 4). Yet, interestingly, the 

evaluations of instrumental attributes appeared to be less strongly related to the likelihood of 

adopting sustainable innovations compared to evaluations of symbolic and environmental 

attributes. Notably, evaluations of instrumental attributes of sustainable innovations did not 

consistently predict adoption likelihood when controlling for the effects of evaluations of its 

symbolic and environmental attributes on adoption likelihood. In Chapter 3, which included a 

large sample, we found that more positive evaluations of instrumental attributes enhanced 

interest in and intention to purchase electric cars while controlling for the effects of 

evaluations of the symbolic and environmental attributes, and evaluations of instrumental 

attributes appeared to be the strongest predictor of intentions to purchase electric cars. In the 

other studies (with smaller samples) in Chapter 2, 4, and 5, we found no significant 

relationships between evaluations of instrumental attributes and adoption likelihood when 

effects of evaluations of the symbolic and environmental attributes on adoption likelihood 

were controlled for. Moreover, adopters of smart energy systems did not differ from non-

adopters in their evaluations of the instrumental attributes of smart energy systems (Chapter 

5). This suggests that evaluations of instrumental attributes are not a very strong unique 

predictor of adoption of sustainable innovations. Previous research suggests that the 

evaluations of instrumental attributes are strongly related to adoption likelihood of sustainable 

innovation (e.g. Chéron & Zins, 1997; Franke & Krems, 2013). However, these studies 

typically did not take into account evaluations of other attributes. Our studies suggest that 

people evaluate multiple attributes in their adoption decisions; studies on adoption behavior 

should therefore take multiple attributes of innovations into account. 

Second, as expected, we consistently found that positive evaluations of environmental 

attributes increased the likelihood of adopting sustainable innovations. Evaluations of 

environmental attributes were positively correlated with all indicators of adoption likelihood 
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of the different sustainable innovations included in our studies. Importantly, even when 

controlling for the effects of evaluations of instrumental and symbolic attributes on adoption 

likelihood, evaluations of environmental attributes predicted acceptability of, interest in, and 

intention to adopt sustainable innovations rather well, although evaluations of environmental 

attributes did not uniquely predict adoption likelihood of smart energy systems (Chapter 4 and 

5). The unique predictive value of the environmental attributes is in line with findings of 

previous research that revealed that people engage in pro-environmental actions because they 

are motivated to benefit the environment (Steg and De Groot, 2012, for a review). Our studies 

show that evaluations of environmental attributes are also an important predictor of adoption 

of sustainable innovations such as electric vehicles and renewable and smart energy systems, 

even when controlling for evaluations of instrumental and symbolic attributes.  

Third, in line with our expectations, evaluations of symbolic attributes appeared to be an 

important predictor of the likelihood of adopting different sustainable innovations. In fact, 

generally, evaluations of symbolic attributes of sustainable innovations appeared to be the 

strongest predictor of adoption of sustainable innovations. More specifically, positive 

evaluations of symbolic attributes consistently increased the likelihood of adopting 

sustainable innovations, including the acceptability of and interest in a sustainable innovation, 

the intention to adopt a sustainable innovation and the actual adoption of sustainable 

innovation (Chapter 2, 3, 4 and 5). Our results are in line with theories stating that people not 

only purchase and use products for their instrumental function, but also for what they 

represent and mean to us and others (e.g. Belk, 1988; Dittmar, 1992; McCracken, 1990). 

Notably, our results suggest that symbolic attributes are rather important for the adoption of 

sustainable innovations. Yet, people seem not to recognize this. Notably, in Chapter 2 we 

found that when asked directly, respondents indicated that symbolic attributes are not very 

important for them when they would consider the adoption of an electric car; they indicated 

that the instrumental attributes and environmental attributes were much more important 

factors influencing their adoption decision. These very same respondents were however more 

likely to adopt an electric car when they evaluated the symbolic attributes and environmental 

attributes more favorable, while evaluations of the instrumental attributes did not affect their 

adoption likelihood.  

Taken together, our results suggest that the proposed ISE-model is successful in explaining 

the likelihood of adopting sustainable innovations. Evaluations of the symbolic attributes 

appeared to be the most important and consistent predictor of adoption likelihood when 
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controlling for evaluations of the instrumental and environmental attributes. Evaluations of 

environmental attributes were also a consistent predictor of the likelihood of adopting 

sustainable innovations (except for the likelihood of adopting smart energy systems). Yet, 

evaluations of the instrumental attributes did not always uniquely contribute to the 

explanation of adoption likelihood of sustainable innovations.  

6.1.2 When will evaluations of symbolic attributes particularly predict adoption of 

sustainable innovations?  

Symbolic attributes of sustainable innovations may be particularly important in the early 

introduction phase. In this phase sustainable innovations typically have some instrumental 

drawbacks and a low adoption rate. We argue that individuals who adopt a sustainable 

innovation under such conditions are likely to be seen as intrinsically motivated to do so, as 

these factors generally reduce rather than promote adoption. In other words: these 

characteristics are likely to strengthen the signaling value of adopting a sustainable 

innovation. People are more likely to attribute behavior to characteristics of the person than to 

situational factors when there are seemingly no clear external factors encouraging the relevant 

behavior (cf. Bem, 1972; Kelly, 1967). We argued that this also applies to the adoption of 

sustainable innovations, and that two typical discouraging characteristics of sustainable 

innovations, their relatively poor instrumental attributes and their (still) low adoption rate, 

could therefore increase the assumed signal strength. On the basis of this, we hypothesized 

that evaluations of symbolic attributes would be more strongly related to adoption likelihood 

when people evaluate the instrumental attributes of the sustainable innovation somewhat more 

negatively, and when they expect that few significant others would consider adopting the 

sustainable innovation (i.e., weak adoption norms). Results from Chapter 2, Chapter 3, and 

Chapter 4 partly confirmed our hypothesis. First, we found that the more people believe 

sustainable innovations have some instrumental drawbacks, the more strongly evaluations of 

symbolic attributes were related to the likelihood of adopting sustainable innovations. More 

specifically, evaluations of the symbolic attributes of an electric car were more strongly 

related to interest in an electric car (but not intention to buy an electric car) when people 

perceived the electric car to have relatively more instrumental drawbacks (Chapter 2 and 

Chapter 3). Likewise, the more instrumental drawbacks people perceived local renewable 

energy systems to have, the more strongly evaluations of symbolic attributes were related to 

interest in and acceptability of local renewable energy systems (but not intention to use 

renewable energy systems, Chapter 2). Second, Chapter 4 showed that evaluations of 
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symbolic attributes were more strongly related to both interest in electric cars and smart 

energy systems when people perceived relatively weak adoption norms, that is, when they 

believed that only few significant others would adopt or consider adopting these sustainable 

innovations. Moreover, evaluations of symbolic attributes were more strongly related to 

intentions to adopt smart energy systems (but not intentions to purchase electric cars) when 

people perceived relatively weak adoption norms. Taken together, these findings generally 

support our reasoning that when adoption of a sustainable innovation appears to be somewhat 

costly (i.e. has some instrumental drawbacks, or when significant others do not consider 

adopting it, suggesting others think adoption is not a sensible thing to do), adoption is more 

likely to be attributed to personal characteristics of the actor (and less likely to external 

factors), increasing the signaling strength of adopting a sustainable innovation (i.e., costly 

signaling effect), and strengthening the relationship between evaluations of symbolic 

attributes and adoption likelihood. Yet, intentions to purchase or use sustainable innovations 

were mostly not more strongly related to evaluations of symbolic attributes when people 

perceived some instrumental drawbacks or weak adoption norms; we will discuss this in more 

detail in Section 6.2.  

These findings support attribution theory (Jones & Davis, 1965; Kelley, 1967) and self-

perception theory (Bem, 1972), but extends previous research as our findings suggest that 

people can anticipate that the adoption of a sustainable innovation is likely to be attributed to 

personal characteristics, both by themselves and by others, strengthening their motivation to 

adopt sustainable innovations when they evaluate their symbolic attributes favorably. Yet, we 

did not explicitly test whether attribution processes underlie our results; future research is 

needed to examine the processes through which instrumental drawbacks and weak adoption 

norms affect the strength of the relationship between evaluations of symbolic attributes and 

adoption likelihood of sustainable innovations, including the role of internal versus external 

attributions.  

Results from Chapter 3 indicate that earlier adopters, in this case people who generally would 

consider adopting an innovative car relatively early, evaluate the symbolic attributes of an 

electric car more positively than later adopters, in this case people who generally would 

consider adopting an innovative car relatively late. In addition, the evaluations of the 

symbolic attributes of an electric car were more strongly related to interest in an electric car 

when earlier adopters (but not later adopters) evaluated the instrumental attributes somewhat 
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less favorable. This again suggests that symbolic attributes are important for the early 

adoption of sustainable innovations.  

6.1.3 Generalizability 

The relationship between evaluations of instrumental attributes, environmental attributes, and 

particularly symbolic attributes of sustainable innovations on the one hand and the likelihood 

of adopting sustainable innovations on the other hand seems to be robust as we conceptually 

replicated our findings in numerous ways. First, we found that evaluations of these three 

attributes affect the likelihood of adopting sustainable products that are noticeable to others 

(i.e., electric car, Chapter 2 and 3) as well as sustainable services that are less noticeable to 

others (i.e., local renewable energy systems and smart energy systems; Chapter 2, 4, and 5). 

This suggests that evaluations of symbolic attributes do not only affect the adoption of 

sustainable innovations that are clearly noticeable to others. Second, the relationships between 

evaluations of symbolic attributes and most indicators of the likelihood of adopting electric 

cars, local renewable energy systems and smart energy systems were stronger when adoption 

is somewhat costly, that is, when people perceive instrumental drawbacks and weak adoption 

norms, suggesting that the costly signal effect is not limited to a specific sustainable 

innovation. Third, as adoption of innovations can be conceived as a process that comprises of 

multiple stages involving not only the actual purchase and use of an innovation (e.g. Palda, 

1966; Rogers, 2003), we included different indicators tapping into different stages of the 

adoption process in our studies, namely interest in, acceptability of, intentions to purchase or 

use a sustainable innovation as well as the actual use of a sustainable innovation. Our findings 

show that the evaluation of the symbolic attributes is the most consistent driver of all adoption 

indicators, suggesting that evaluations of the symbolic attributes of sustainable innovations 

are important throughout the entire adoption process. Fourth, we replicated our finding when 

using different conceptualization of the attributes, suggesting that the effects not depend on 

precise wordings of the concepts used.  

6.2 Suggestions for future research 

We found support for the ISE-model explaining the likelihood of adopting three different 

sustainable innovations: electric cars, local renewable energy systems, and smart energy 

systems. Particularly evaluations of symbolic attributes consistently explained adoption 

likelihood of these sustainable innovations. Future research is needed to replicate our findings 

for other sustainable innovations, in other countries and cultures, and for other types of 
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(sustainable) behavior that are already more widely adopted. This can reveal whether 

evaluations of symbolic attributes are specifically influential when not many have adopted a 

sustainable innovation yet, or whether symbolic attributes also affect the adoption of 

sustainable products that have been more widely adopted. Research could for example study 

how and to what extent evaluations of symbolic attributes affect the adoption of products that 

are owned and used by the majority of people, for instance energy efficient lighting or energy 

efficient refrigerators.  

We reasoned that evaluations of symbolic attributes will be more strongly related to adoption 

likelihood of sustainable innovations when the innovation is expected to have some 

instrumental drawbacks, or is not expected to be common among significant others, as in this 

case adoption is more likely to be attributed to personal characteristics (i.e., internal 

attribution) enhancing the signaling strength of adoption. Future research could investigate 

whether perceptions of instrumental drawbacks and weak adoption norms strengthen the 

impact of evaluations of symbolic attributes on the likelihood of engagement in other 

(consumer) behaviors as well.  

In the operationalization of the symbolic attributes we tried to capture the extent to which 

adopting the sustainable innovation was believed to help build and support one’s (desired) 

identity and status, but we did not specifically consider what someone assumes adoption 

would tell about him or her. Future studies could examine this. Our results suggest that 

sustainable innovations are not only perceived to signal one’s pro-environmental attitudes or 

values, as environmental attributes and symbolic attributes uniquely predicted the likelihood 

of adopting a sustainable innovation in most of our studies, suggesting that they reflect at least 

partly different motivations for adoption. Different sustainable innovations can also signal 

different characteristics of the owner. For instance, the adoption of (hybrid) electric cars can 

be associated with intelligence, independence of oil producers, uniqueness and caring for 

others (Heffner, Kurani, & Turrentine, 2007), while adopting a hydrogen-powered car may be 

associated with danger and recklessness. Someone’s adoption likelihood is driven by the 

symbolic signal this person thinks adoption sends out. Perceptions of what adopting a 

sustainable innovation says about a person could differ between individuals. For instance, 

people who are keen to be early adopters may associate sustainable innovations with 

innovativeness or uniqueness (Vandecasteele & Geuens, 2010), while people who endorse 

environmental values may associate sustainable innovations with a ‘green image’. For 

policymakers and marketers it is interesting to find out to what extent the assumed symbolic 
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signal associated with adoption is shared or differs between individuals and to what extent 

this can be influenced.  

Our results suggest that instrumental drawbacks and weak adoption norms affect adoption 

likelihood in two different ways. On the one hand, they are likely to inhibit adoption at the 

early introduction stage, while on the other hand they are likely to boost the impact of 

evaluations of symbolic attributes on the likelihood of adopting the sustainable innovation. 

However, the latter effect was not observed for all adoption indicators included in our studies, 

and particularly explained interest in and acceptability of sustainable innovations, but not 

always intentions to purchase or use sustainable innovations. The latter are more proximate 

indicators of actual adoption, in which case people are more likely to actually face the costs of 

adoption. In such cases, these costs may outweigh the possible signaling effect of adopting a 

sustainable innovation that has some drawbacks. Future research could test this reasoning. For 

instance, an electric car with a driving range of only 5 kilometers per charge is not very 

functional and being the first and only person to adopt such an electric car may be rather 

maladaptive. In these cases the high costs associated with adopting the electric car may not 

enhance the relationship between evaluations of symbolic attributes and adoption likelihood 

of the electric car. Future research could investigate whether there is a certain range or a sweet 

spot of costliness where the impact of evaluations of symbolic attributes on adoption 

likelihood is strongest.    

We argued that instrumental drawbacks and weak adoption norms strengthen the impact of 

evaluations of the symbolic attributes on the adoption of sustainable innovations as people 

may anticipate that adoption is more likely to be attributed to their personal characteristics. 

Future research could examine which other factors may enhance the signaling strength of 

sustainable innovations. One relevant factor may be the level of autonomy of adopting 

sustainable innovations, as behavior that is performed voluntary (e.g. purchasing one’s own 

electric car) is more likely to be attributed to personal characteristics than behavior that is 

more or less forced upon a person (e.g. using an electric car from an “all electric” carpool at 

work). Future research can test whether perceiving adoption of a sustainable innovation as an 

autonomous decision will strengthen the relationship between evaluations of symbolic 

attributes and the likelihood of adopting a sustainable innovation.  

Signals can be directed towards others and towards the self. Our studies revealed that 

evaluations of what adopting a sustainable innovation communicates to self and others were 
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strongly correlated. Moreover, our results suggest that evaluations of symbolic attributes are 

related to both the adoption of electric cars and the adoption of smart energy systems, again 

suggesting that both signals to self and others are likely to play a role, as the former is more 

noticeable to others and therefore suitable for signaling to others and self while the latter is 

less noticeable to others and therefore particularly suitable for signaling to the self. Future 

research can investigate the distinctness and relative importance of self-signals and signals to 

others in the adoption of sustainable innovations and other (consumer) behaviors. 

In Chapter 3 we applied a novel method aiming to identify earlier adopters and later adopters 

ex-ante. The method seems promising as our conceptualization of adopter segments for 

adopting innovative cars correlated with the likelihood of adopting an electric car and the 

distribution of participants over the segments corresponded with theorized segment sizes 

(Rogers, 1962). Future research can test the validity of this measure further, and examine 

whether the measure is able to identify adopter segments of other innovations ex ante and 

whether different adopter segments differ in their motivation for adopting different types of 

innovations. Such information is highly valuable for marketing (sustainable) innovations.  

We found a small but interesting difference in the evaluation of symbolic attributes between 

typical earlier adopters and later adopters of innovative cars, which suggests that they differ in 

the extent to which they believe that adoption would signal something positive about the 

owner. Specifically earlier adopters were positive about the symbolic attributes of electric 

cars, and the relationship between the evaluation of the symbolic attributes and adoption was 

stronger when earlier adopters evaluated the instrumental attributes less favorably. Yet, our 

studies focused on innovations in an early introduction stage. Future studies could examine 

whether results can be replicated when studying the adoption of sustainable innovations at 

different moments in the diffusion of a sustainable innovation. For example, it would be 

interesting to monitor how evaluations of the different attributes predict adoption of a 

sustainable innovation from introduction to “maturity” and test our (extended) model during 

various adoption stages. This would reveal whether evaluations of the attributes and their 

predictive power changes across adoption stages.  

6.3 Practical implications 

For promoting adoption of sustainable innovations it is crucial to understand which attributes 

influence adoption and how individuals evaluate these attributes of sustainable innovations. 

Our findings support the ISE-model, and reveal how sustainable innovations can be promoted. 
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The most straightforward advice is to stress the environmental attributes as sustainable 

innovations typically have very favorable environmental attributes, and positive evaluations 

of environmental attributes enhance adoption likelihood. When the sustainable innovation 

replaces a less environmental friendly product, this difference can be made salient. Marketers 

of electric cars can for instance stress that electric cars emit no greenhouse gases while 

driving, unlike cars with an internal combustion engine.    

Besides, importantly, marketers could emphasize the symbolic value of sustainable 

innovations. This route is often not acknowledged by practitioners, while our results suggest 

this may be a very effective way promoting the adoption of sustainable innovations. Symbolic 

attributes may be enhanced or stressed through marketing campaigns emphasizing positive 

outcomes of owning and using sustainable innovations for one’s identity and status. 

Marketing campaigns can display innovative, environmentally-friendly, or successful persons 

who have adopted sustainable innovations, thereby communicating that adopting such 

innovations enhance one’s status and identity (see also Heffner et al., 2007). Similarly, 

campaigns could demonstrate that adopters of sustainable innovations are perceived by others 

as for example likable, successful, or innovative persons, or persons who care for others. 

Future research is needed to examine which strategies would be most effective and credible to 

achieve this. Research suggests that linking identities to adopting a sustainable innovation 

could best be done in a subtle and implicit manner in order to keep consumers' perceptions of 

agency in identity expression in tact (Bhattacharjee, Berger, & Menon, 2014). For example, 

rather than stating that adopters have high status and are successful, it may be wiser to portray 

models using sustainable innovations that are successful and treated with much respect by 

others.  

Up until now, most policies to enhance the acceptability and uptake of sustainable innovations 

focused on the instrumental attributes and environmental attributes of sustainable innovations. 

The fact that instrumental attributes are often the focal point in policy is not surprising as 

consumers believe that instrumental attributes of sustainable innovations are highly important 

to them in their adoption decisions (see Chapter 2). Likewise, a recent study on the adoption 

of electric vehicles showed that people give many instrumental reasons for adopting or not 

adopting an electric vehicle, while adopting an electric car for symbolic purposes are not 

among the twelve most important listed reasons for adopting an electric vehicle (ANWB, 

2017). Yet, evaluations of instrumental attributes appeared not to be the strongest predictor of 

adoption likelihood. Nonetheless, improving the instrumental attributes is needed to take 



 

 114 

away key barriers for adoption. For instance, investing in extending the driving range of 

electric vehicles or investing in the charging infrastructure of electric vehicles may boost 

adoption of such innovations. Also, enhancing the user experience of smart energy feedback 

systems by for example introducing easy to use apps and user-interfaces can increase interest 

and uptake of these systems. Improving instrumental attributes is likely to be a more long-

term strategy as improvements take time. Yet, merely focusing on the instrumental attributes 

of sustainable innovations at the early introduction stage may not be wise as evaluations of 

symbolic attributes and environmental attributes appeared to be (more) strongly related to the 

adoption likelihood of sustainable innovations. Our findings suggest that especially at the 

early introduction stage of sustainable innovations stressing and enhancing symbolic 

attributes may be a particularly effective strategy for promoting adoption because innovations 

are believed to have some instrumental drawbacks and adoption norms are believed to be 

weak, as evaluations of symbolic attributes are more strongly related to adoption likelihood 

under these conditions. In this case, strategies to promote sustainable innovations could 

particularly target these symbolic attributes. Besides, downplaying the obvious weak 

instrumental attributes and weak adoption norms in communication may not be a wise 

strategy. Such an approach is not likely to enhance adoption likelihood via increasing the 

evaluations of instrumental attributes and adoption norms, and may actually backfire as for 

instance trivializing instrumental drawbacks can undermine the positive effects of evaluations 

of symbolic attributes on the likelihood of adopting sustainable innovations. Moreover, our 

findings suggest that earlier adopters are particularly positive about the symbolic attributes 

and also particularly sensitive to its signaling function, which further suggest the potential of 

promoting sustainable innovations by emphasizing its symbolic attributes at the early 

introduction stage.  

6.4 Conclusions 

This PhD thesis proposes and tests a theoretical model proposing that the adoption of 

sustainable innovations depends on the evaluations of its instrumental, symbolic, and 

environmental attributes (ISE-model). Results from 6 studies suggest that people are more 

likely to adopt sustainable innovations when they evaluate its instrumental attributes, 

symbolic attributes, and environmental attributes more positively. Notably, evaluations of 

symbolic attributes were the most important and consistent predictor of adopting sustainable 

innovations, and were even more strongly related to adoption likelihood when people perceive 

some instrumental drawbacks and weak adoption norms, which both are characteristic to 
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sustainable innovations at the early introduction stage. Yet, people seem not to be aware of 

the importance of symbolic attributes for their adoption decision: when asked directly, people 

indicated that symbolic attributes would hardly affect their adoption decisions. Marketers and 

practitioners could use the ISE-model as a diagnostic framework for understanding important 

drivers of adoption of a particular sustainable innovation, by assessing how target audiences 

evaluate the instrumental, symbolic, and environmental attributes of the sustainable 

innovation, and which of these attributes is strongly related to adoption likelihood. Our 

findings suggest that what people think adopting a sustainable innovation says about them as 

a person is rather strongly related to adoption likelihood, especially if they believe that this 

signal ensuing from adopting a sustainable innovation is strong, which is more likely to occur 

when adoption is perceived to be somewhat costly or uncommon. The successful adoption of 

sustainable innovations thus depends, more than we think, upon what the sustainable 

innovation says about a person.   

 

 

“Driving adoption: The symbolic value of sustainable innovations” 
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1. Introductie 

Duurzame innovaties zoals elektrische auto’s, slimme energiesystemen en lokale duurzame 

energievoorzieningen kunnen een belangrijke bijdrage leveren aan de vermindering van 

klimaatverandering. Deze bijdrage staat of valt bij de adoptie van duurzame innovaties. Dit 

betekent dat mensen duurzame innovaties acceptabel moeten vinden, interesse moeten hebben 

in duurzame innovaties en duurzame innovaties willen aanschaffen en gebruiken. Maar wat 

stimuleert de adoptie van duurzame innovaties? 

Onderzoek en beleid gericht op het stimuleren van de adoptie van duurzame innovaties focust 

zich vooral op de instrumentele kosten en baten van duurzame innovaties, zoals de financiële 

kosten en het gebruiksgemak. Adoptie wordt bijvoorbeeld vaak gepromoot met subsidies of 

door aan te geven dat de instrumentele nadelen wel meevallen. Maar zijn deze instrumentele 

kosten en baten van de aanschaf en gebruik van een duurzame innovatie eigenlijk de 

belangrijkste drijfveer om duurzame innovaties aan te schaffen en te gaan gebruiken?    

In dit proefschrift beargumenteer ik dat de adoptie van duurzame innovaties niet alleen 

afhangt van verwachtingen over instrumentele uitkomsten van adoptie van de innovatie (dat 

wil zeggen: instrumentele attributen), maar ook van verwachtingen van gevolgen van de 

aanschaf en het gebruik van de duurzame innovatie voor het milieu (milieu-attributen) en 

verwachtingen over wat adoptie van een duurzame innovatie over iemand zegt als persoon 

(symbolische attributen). Er is tot op heden weinig bekend over het relatieve belang van 

evaluaties van deze drie typen attributen en in het bijzonder over de invloed van evaluaties 

van symbolische attributen op de adoptie van duurzame innovaties. 

1.1 Model ter verklaring van de adoptie van duurzame innovaties. 

In de hoofdstukken van dit proefschrift ontwikkel en toets ik een theoretisch model dat 

veronderstelt dat de adoptie van duurzame innovaties kan worden verklaard door evaluaties 

van de instrumentele attributen, symbolische attributen en milieu-attributen van de duurzame 

innovatie. In de empirische hoofdstukken heb ik het theoretisch model toegepast om de 

adoptie van drie verschillende duurzame innovaties te verklaren: elektrische auto’s, lokale 

duurzame energievoorzieningen en slimme energiesystemen. Hierbij heb ik gekeken in welke 

mate evaluaties van de drie typen attributen verschillende indicatoren van adoptie verklaren, 

namelijk de acceptatie van duurzame innovaties, interesse in duurzame innovaties, intentie om 

duurzame innovaties aan te schaffen en de daadwerkelijke aanschaf van duurzame innovaties. 
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Mijn verwachting was dat positieve evaluaties van alle drie typen attributen de adoptie van 

duurzame innovaties stimuleren (hypothese 1).  

De zes studies die zijn gerapporteerd in dit proefschrift tonen consistent aan dat de evaluaties 

van de instrumentele attributen, milieu-attributen en symbolische attributen adoptie van 

duurzame innovaties verklaren. Ten eerste vond ik positieve relaties tussen de evaluatie van 

de instrumentele attributen van een duurzame innovatie en de waarschijnlijkheid dat iemand 

adoptie van een duurzame innovatie overweegt. De evaluatie van instrumentele attributen zijn 

echter niet de belangrijkste voorspeller van adoptie: uit de meeste studies in dit proefschrift 

blijkt dat de evaluatie van instrumentele attributen geen significante voorspeller is van adoptie 

van duurzame innovaties wanneer het volledige ISE-model werd getest, dus als gecontroleerd 

wordt voor het effect van de evaluaties van de milieu- en symbolische attributen op adoptie 

van duurzame innovaties. In tegenstelling tot wat eerder onderzoek (bijvoorbeeld Chéron & 

Zins, 1997; Franke & Krems, 2013) en huidig beleid doet vermoeden, lijken functionele 

eigenschappen van duurzame innovaties dus niet erg belangrijk voor de adoptie van duurzame 

innovaties.  

Ten tweede laten de studies in dit proefschrift zien dat adoptie van duurzame innovaties meer 

waarschijnlijk is als men positiever oordeelt over de milieu-attributen van duurzame 

innovaties. Evaluaties van milieu-attributen bleken ook een significante voorspeller van 

adoptie in bijna alle studies wanneer het volledige ISE-model werd getoetst, met als 

uitzondering de adoptie van slimme energiesystemen. Deze resultaten komen overeen met 

resultaten uit eerdere studies die hebben aangetoond dat mensen zich milieuvriendelijk 

gedragen als ze gemotiveerd zijn om het milieu te beschermen (Steg & De Groot, 2012).  

Ten derde vond ik consistent een positieve relatie tussen evaluaties van de symbolische 

attributen van duurzame innovaties en adoptie van duurzame innovaties. In alle studies bleek 

men meer geïnteresseerd te zijn in duurzame innovaties, duurzame innovaties meer acceptabel 

te vinden, meer geneigd om duurzame innovaties aan te schaffen en te gebruiken en ook 

daadwerkelijk vaker over te gaan tot de aanschaf en het gebruik van duurzame innovaties 

wanneer men positiever oordeelt over de symbolische attributen van de betreffende duurzame 

innovatie. Evaluaties van symbolische innovaties bleken een belangrijke voorspeller voor alle 

innovaties die ik heb onderzocht: adoptie van elektrische auto’s, lokale duurzame 

energievoorzieningen en slimme energiesystemen. Dit suggereert dat evaluaties van 

symbolische attributen niet alleen een rol spelen bij adoptie van innovaties die duidelijk 
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zichtbaar zijn voor anderen (zoals adoptie van een elektrische auto), maar ook bij innovaties 

die minder zichtbaar zijn, zoals adoptie van duurzame of slimme energiesystemen. Dit 

suggereert dat de symbolische attributen niet alleen afhangen van wat adoptie zegt over een 

persoon naar anderen toe, maar ook naar de persoon zelf. 

Een interessante bevinding uit dit proefschrift is dat de evaluatie van symbolische attributen 

een belangrijkere unieke voorspeller van adoptie was dan de evaluatie van instrumentele 

attributen en milieu-attributen. Mensen lijken echter het belang van symbolische attributen 

voor hun adoptiebeslissingen niet te onderkennen of te onderschatten. In Hoofdstuk 2 heb ik 

namelijk deelnemers gevraagd welke attributen zij belangrijk vinden in hun overweging om 

een elektrische auto aan te schaffen. Deelnemers gaven aan dat instrumentele attributen en 

milieu-attributen veel belangrijker zijn in hun overweging om al dan niet een elektrische auto 

aan te schaffen dan symbolische attributen. Dus alhoewel mensen aangeven dat symbolische 

attributen geen belangrijke rol spelen bij de adoptie van een duurzame innovatie, in dit geval 

een elektrische auto, blijkt de evaluatie van symbolische attributen de belangrijkste 

voorspeller te zijn van adoptie. Dit suggereert dat mensen niet altijd goed weten of 

onderkennen wat hen motiveert om duurzame innovaties aan te schaffen. 

1.2 Wanneer voorspellen evaluaties van symbolische attributen vooral adoptie van duurzame 

innovaties? 

Verwachtingen over wat adoptie van een duurzame innovatie over je zegt als persoon blijken 

dus een belangrijke rol te spelen bij de adoptie van duurzame innovaties. Dit is een 

belangrijke bevinding, omdat juist duurzame innovaties een sterke symbolische waarde 

kunnen hebben. Attributie theorie (Kelly, 1967) en zelfperceptie theorie (Bem, 1972) stellen 

namelijk dat men gedrag sterker toeschrijft aan de persoon die het gedrag vertoont, wanneer 

er factoren aanwezig zijn die het gedrag lijken te ontmoedigen. In dergelijke situaties is het 

waarschijnlijker dat het gedrag het resultaat is van een gemotiveerde keuze en niet het 

resultaat van de omstandigheden. Twee typische eigenschappen van duurzame innovaties, 

namelijk enige instrumentele nadelen en lage adoptiegraad (weinig anderen gaan over tot 

adoptie), lijken adoptie te ontmoedigen en zouden daarom het verwachte signaal dat adoptie 

van duurzame innovaties afgeeft kunnen versterken. Dit betekent dat evaluaties van 

symbolische attributen vooral een goede voorspeller van adoptie van duurzame innovaties zou 

kunnen zijn wanneer men verwacht dat de duurzame innovaties enige instrumentele nadelen 

hebben of wanneer men denkt dat weinig voor hun belangrijke anderen adoptie overwegen 
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(hypothese 2). De resultaten uit Hoofdstuk 2 en Hoofdstuk 4 ondersteunen deze hypothese 

deels. Evaluaties van de symbolische attributen blijken inderdaad een betere voorspeller te 

zijn van adoptie wanneer men negatiever oordeelt over de instrumentele attributen en wanneer 

men denkt dat weinig anderen die belangrijk voor hen zijn adoptie van de innovatie 

overwegen. Dit blijkt echter vooral het geval te zijn voor acceptatie van en interesse in 

duurzame innovaties en minder voor de intentie om een duurzame innovatie aan te schaffen. 

Evaluaties van symbolische attributen zijn alleen een iets sterkere voorspeller van de intentie 

om een slim energiesysteem te gebruiken wanneer men verwacht dat weinig belangrijke 

anderen een slim energiesysteem gaan gebruiken (Hoofdstuk 4). Deze resultaten suggereren 

dat attributieprocessen een rol spelen bij de mate waarin evaluaties van symbolische attributen 

adoptie verklaren; in vervolgonderzoek kan worden nagaan of instrumentele nadelen en 

verwachtingen dat weinig belangrijke anderen adoptie overwegen inderdaad ertoe leiden dat 

men adoptie aan persoonlijke kenmerken toeschrijft en of dit vervolgens adoptie stimuleert. 

Er blijken individuele verschillen te bestaan in de mate waarin evaluaties van symbolische 

attributen adoptie van duurzame innovaties verklaren. Uit een studie gerapporteerd in 

Hoofdstuk 3 blijkt dat bij relatief negatieve evaluaties van de instrumentele attributen, de 

evaluaties van symbolische attributen de interesse in elektrische auto’s beter verklaren voor 

mensen die doorgaans als één van de eersten de aanschaf van een innovatie auto overwegen 

(“early adopters”) in vergelijking tot mensen die doorgaans relatief laat de aanschaf van een 

innovatieve auto overwegen (“late adopters”). Bovendien bleek dat “early adopters” 

positiever oordeelden over de symbolische attributen van elektrische auto’s dan “late 

adopters”. Hieruit blijkt opnieuw dat symbolische attributen van duurzame innovaties relatief 

belangrijk zijn voor de (vroege) adoptie van duurzame innovaties. 

2. Generaliseerbaarheid 

Uit de resultaten uit de verschillende hoofdstukken komt naar voren dat de evaluatie van 

instrumentele, milieu- en symbolische attributen een goede verklaring biedt voor de adoptie 

van duurzame innovaties en dat vooral evaluaties van symbolische attributen een goede 

voorspeller zijn van adoptie. De resultaten lijken robuust te zijn aangezien de bevindingen op 

verschillende manieren werden gerepliceerd. Ten eerste blijkt dat evaluaties van de drie typen 

attributen zowel invloed hebben op de adoptie van innovaties die goed zichtbaar zijn voor 

anderen zoals elektrische auto’s, als op de adoptie van innovaties die minder zichtbaar zijn 

voor anderen, zoals duurzame en slimme energiesystemen. Dit suggereert dat de evaluaties 



 

 122 

van symbolische attributen van duurzame innovaties niet alleen een rol spelen wanneer de 

aanschaf en het gebruik van de duurzame innovatie duidelijk zichtbaar is voor anderen en dat 

het niet alleen gaat om een signaal afgeven naar anderen maar ook naar jezelf. Ten tweede 

vind ik vergelijkbare resultaten voor verschillende indicatoren van adoptie, waaronder 

acceptatie van de innovatie, interesse in de innovatie, intentie om de innovatie aan te schaffen 

of te gaan gebruiken en de daadwerkelijke aanschaf en het gebruik van de innovatie. De 

evaluatie van de symbolische attributen bleek consistent de meest belangrijke voorspeller van 

verschillende indicatoren van adoptie te zijn, wat suggereert dat de symbolische attributen van 

belang zijn in verschillende fasen van het adoptieproces. Tot slot zijn de bevindingen 

gerepliceerd met verschillende conceptualisaties van de attributen; de effecten die gevonden 

zijn blijken dus niet af te hangen van specifieke operationalisaties van de attributen. 

3. Suggesties voor toekomstig onderzoek 

Evaluaties van instrumentele, milieu- en symbolische attributen blijken geschikt om de 

adoptie van elektrische auto’s, lokale duurzame energievoorzieningen en slimme 

energiesystemen te verklaren, waarbij vooral de evaluatie van de symbolische attributen 

bijdroeg aan de verklaring van adoptie. In vervolgonderzoek kan worden nagegaan of 

evaluaties van de drie typen attributen ook adoptie van andere duurzame innovaties kan 

verklaren, in andere landen en culturen, of het vertonen van andere typen milieuvriendelijk 

gedrag dat al meer gebruikelijk is. Dit laatste kan inzicht geven in, of evaluaties van 

symbolische attributen vooral invloed hebben op adoptie van duurzame innovaties die nog 

weinig mensen hebben aangeschaft, of dat ook de adoptie van duurzame producten die al 

meer mensen bezitten, zoals LED-lampen of energiezuinige koelkasten, vooral wordt 

beïnvloed door evaluaties van de symbolische attributen van deze producten. Daarbij kan ook 

worden onderzocht of evaluaties van symbolische attributen ook een belangrijke voorspeller 

zijn van de adoptie van andere typen producten wanneer deze enige instrumentele nadelen 

hebben en/of door weinig belangrijke anderen worden gebruikt. 

In dit proefschrift heb ik evaluaties van symbolische attributen gemeten als de mate waarin 

adoptie iets positiefs zegt over de persoon naar zelf en anderen, maar heb ik niet onderzocht 

wat adoptie over de persoon zegt. Adoptie van duurzame innovaties kan verschillende dingen 

over een persoon zeggen, bijvoorbeeld dat men een innovatief persoon is, of dat men een 

duurzaam persoon is. Dit kan verschillen per persoon. In vervolgonderzoek kan worden 

nagegaan wat adoptie zegt over een persoon en hoe dit adoptie beïnvloedt. Daarnaast heb ik 
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geen onderscheid gemaakt tussen wat adoptie zegt over jezelf naar anderen versus naar jezelf. 

In vervolgonderzoek kan worden nagegaan wat het relatieve belang is van het signaal naar 

anderen versus naar jezelf en of dit verschilt voor verschillende duurzame innovaties.  

Instrumentele nadelen en een lage adoptienorm lijken een tweeledig effect te hebben op de 

adoptie van duurzame innovaties: enerzijds belemmerden ze adoptie, anderzijds versterkten ze 

de invloed van evaluaties van symbolische attributen op adoptie van duurzame innovaties. Dat 

laatste bleek echter vooral het geval voor interesse in en acceptatie van duurzame innovaties 

en niet in alle gevallen voor de intentie om duurzame innovaties te kopen of gebruiken. 

Wellicht hebben de kosten en moeite die gepaard gaan met de adoptie van duurzame 

innovaties een sterkere directe invloed op adoptie als het gaat om intenties, omdat intentie een 

minder vrijblijvende commitment is dan acceptatie en interesse, die meer vrijblijvend zijn. 

Toekomstig onderzoek kan deze redenering verder toetsen. Daarbij kan worden nagegaan 

onder welke condities negatievere evaluaties van instrumentele attributen en percepties dat 

weinig anderen adoptie overwegen, vooral leiden tot een sterkere invloed van evaluaties van 

symbolische attributen op adoptie. 

4. Praktische implicaties 

Om de adoptie van duurzame innovaties te stimuleren is het belangrijk om te weten welke 

attributen van de duurzame innovatie adoptie beïnvloeden en hoe deze worden beoordeeld 

door consumenten. De resultaten uit mijn onderzoek suggereren dat het vooral belangrijk is 

om de positieve symbolische attributen en milieu-attributen te benadrukken om de adoptie 

van duurzame innovaties te stimuleren. De symbolische attributen van duurzame innovaties 

krijgen echter nog weinig aandacht in campagnes van overheden en marketeers om de adoptie 

van duurzame innovaties te stimuleren. Campagnes zouden bijvoorbeeld eigenaren en 

gebruikers van duurzame innovaties kunnen positioneren als innovatieve, milieuvriendelijke 

en succesvolle mensen en daarmee communiceren dat adoptie van duurzame innovaties iets 

positiefs zegt over de gebruiker.  

Tot op heden focust beleid om duurzame innovaties te promoten zich vaak op de 

instrumentele en de milieu-attributen van duurzame innovaties. Het feit dat beleid zich vaak 

richt op instrumentele attributen is te begrijpen, omdat consumenten zelf ook aangeven dat de 

instrumentele attributen relatief belangrijk zijn in hun beslissing om bijvoorbeeld een 

elektrische auto aan te schaffen (zie Hoofdstuk 2). Dit wordt ondersteund door recent 

onderzoek waarin mensen veel instrumentele overwegingen noemden voor het wel of niet 
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aanschaffen van een elektrische auto, terwijl symbolische eigenschappen nauwelijks werden 

genoemd (ANWB, 2017).  

Uit mijn onderzoek blijkt echter dat evaluaties van instrumentele attributen niet de sterkste 

voorspeller zijn van adoptie van duurzame innovaties; evaluaties van milieu- en symbolische 

attributen verklaren beter of men adoptie overweegt of niet. Dit betekent niet dat beleid zich 

niet zou moeten richten op het verbeteren van of benadrukken van positieve instrumentele 

attributen van duurzame innovaties. Dit kan een belangrijke en noodzakelijke strategie zijn 

om belangrijke barrières weg te nemen die mensen ervan weerhouden om duurzame 

innovaties aan te schaffen. Het verbeteren van de reikwijdte en de laad-infrastructuur van 

elektrische auto’s kan de adoptie van elektrische auto’s bijvoorbeeld bevorderen en het 

verbeteren van de gebruikerservaring van energiefeedbacksystemen kan het gebruik van deze 

systemen stimuleren. De verbetering van dergelijke instrumentele attributen van duurzame 

innovaties kan echter veel tijd kosten en is daarom een strategie die wellicht pas op een 

langere termijn zijn vruchten zal afwerpen.  

Een eenzijdige focus op instrumentele attributen tijdens de introductie van duurzame 

innovaties lijkt echter niet verstandig, omdat evaluaties van milieu-attributen en vooral 

symbolische attributen betere voorspellers zijn van adoptie van duurzame innovaties. Mijn 

bevindingen suggereren zelfs dat het belichten en benadrukken van positieve symbolische 

attributen tijdens de introductiefase van duurzame innovaties vooral effectief kan zijn als de 

instrumentele eigenschappen niet heel positief worden beoordeeld en men verwacht dat 

weinig anderen die belangrijk zijn de duurzame innovatie zullen adopteren. Het lijkt daarom 

niet verstandig om de instrumentele nadelen te bagatelliseren in deze fase. Het is zeer 

waarschijnlijk dat consumenten hier doorheen prikken aangezien de instrumentele nadelen 

vaak erg duidelijk zijn. Daarnaast is het mogelijk dat deze strategie de positieve effecten van 

positieve evaluaties van symbolische attributen van de duurzame innovatie op adoptie 

ondermijnt. Een dergelijke strategie kan dus meer kwaad dan goed doen. Tot slot laten de 

resultaten zien dat vooral “early adopters” positief zijn over en gevoelig zijn voor de 

signaalfunctie van adoptie van duurzame innovaties, hetgeen nogmaals onderschrijft dat het 

benadrukken van positieve symbolische eigenschappen van innovaties een effectieve strategie 

kan zijn voor het stimuleren van de adoptie van duurzame innovaties in de vroege 

introductiefase.  
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Marketeers en beleidsmakers kunnen het theoretisch model waarin adoptie wordt verklaard 

door de evaluatie van instrumentele, milieu- en symbolische attributen als diagnostisch kader 

gebruiken om strategieën te ontwikkelen om adoptie van een duurzame innovatie te promoten. 

Hiermee kunnen ze meer inzicht krijgen in de mate waarin de evaluaties van verschillende 

attributen de adoptie van een specifieke duurzame innovatie beïnvloeden en hoe deze 

attributen wordt beoordeeld door de doelgroep. 

5. Conclusies 

Dit proefschrift ontwikkelt en test een theoretisch model dat veronderstelt dat de adoptie van 

duurzame innovaties afhangt van de evaluatie van de instrumentele, symbolische en 

milieuattributen van duurzame innovaties. Resultaten gerapporteerd in 4 hoofdstukken 

suggereren dat adoptie van duurzame innovaties meer waarschijnlijk is als men deze 

attributen positiever beoordeelt. Opvallend is dat de evaluaties van de symbolische attributen 

het sterkst en meest consistent samenhangt met de adoptie van duurzame innovaties en dat de 

evaluatie van symbolische attributen adoptie zelfs beter verklaart wanneer men denkt dat de 

duurzame innovatie nog enige instrumentele nadelen heeft en dat slechts weinig andere 

mensen adoptie overwegen. Dit zijn beide typische eigenschappen van duurzame innovaties 

in hun introductiefase. Dit suggereert dat adoptie van duurzame innovaties in sterke mate 

wordt beïnvloed door wat mensen denken wat adoptie van de duurzame innovatie over hen 

zegt als persoon ˗ vooral als adoptie wordt gezien als gedrag dat enige moeite kost ˗ omdat 

adoptie dan eerder aan kenmerken van de persoon zelf wordt toegeschreven. Opvallend is dat 

mensen niet lijken te onderkennen of zich er niet van bewust zijn dat vooral evaluaties van 

symbolische attributen van innovaties hun adoptiebeslissingen beïnvloeden. Succesvolle 

adoptie van duurzame innovaties hangt, meer dan we denken, af van wat adoptie van de 

duurzame innovatie over je zegt als persoon. 
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And so it is.. Mijn proefschrift is af! Het begon allemaal 8 jaar geleden. Na een aantal jaren 

gewerkt te hebben als marketing-consultant in Amsterdam ging ik de wetenschap missen, het 

begon een beetje te kriebelen. Ik miste de diepgang en intellectuele uitdaging en besloot om 

een promotieonderzoek te gaan doen. Nou, die diepgang en uitdaging heb ik gekregen hoor! 

Wat was het een genot om met zo veel slimme, maar vooral ook leuke mensen samen te 

werken. Ik wil graag een aantal mensen bedanken die mij, op welke manier dan ook, hebben 

geholpen met het doorlopen en volbrengen van mijn promotietraject. 

Allereerst wil ik mijn promotoren bedanken. Linda, bedankt voor je vertrouwen en je 

positiviteit. De eerste keer presenteren op een congres, een college geven en de eerste reviews 

van een manuscript zijn eigenlijk best een beetje spannend, maar dankzij het vertrouwen wat 

je uitstraalt valt de spanning van je af en ga je in jezelf geloven. Bedankt ook voor de leuke 

etentjes en wijnproeverij die je organiseerde bij je thuis. Kees, bedankt voor de fijne 

samenwerking en je onuitputtelijke support. Ik moet toegeven dat ik af en toe met meer 

vragen dan antwoorden terugkwam van een gesprek met jou maar dat kwam omdat jij al 2 

stappen verder was in je denkproces en dat het bij mij soms even duurde voordat ik je 
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