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Abstract
Global CO2 levels are growing steadily with major consequences. To reduce this, governmental bodies
are steering towards passenger cars with less or zero emission, thereby offering potential for hydrogen
cars. Whereas previous studies have investigated technology-driven predictors of hydrogen car
adoption (e.g. driving range and infrastructure) amongst early adopters, consumer-based research was
lacking. Therefore, this study has taken the first step by including personal values and social aspects in
the examination of attitude towards hydrogen cars.
Through an online questionnaire, the influences of technology-driven aspects were examined in
conjunction with moderating effects of personal values, social norms and conspicuousness. Results
originating from an analytic sample of 201 respondents indicate that perceptions of performance,
environmental benefits of hydrogen cars and safety positively influence attitude. Personal values were
shown to have a positive moderating influence on the association between the perception of the
environmental consequences of hydrogen production and attitude, whereas social norms were shown
to negatively influence this association. Although marginally significant, social norms as a moderator
for the effect of purchasing costs on attitude showed a negative influence. Conspicuousness, as a thirdorder moderating effect, was marginally statistical significant on the effect that social norms had on
the association between the environmental consequences of hydrogen production and attitude.
The results suggest that personal values, social norms and conspicuousness play a role in some
associations between perceptions and attitude towards hydrogen cars. However, more research is
warranted to better understand these influences as consumer-based research in this realm is novel,
but essential in understanding consumers. This study’s contribution to this is twofold. First, by
including a personal and social dimension, pathways to more consumer-based research are opened.
Second, attitudes of ‘everyday consumers’ were explored, which is critical to the diffusion of hydrogen
cars as adoption of consumers beyond early adopters is needed. Hence, on the basis of this study, and
subsequent studies it has laid groundwork for, hydrogen car adoption can be enhanced and
environmental challenges can be counteracted.
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1 Introduction
The warming of the climate has a significant anthropogenic component as it is estimated that human
activities have caused an increase of approximately one degree Celsius compared to pre-industrial
levels (Estrada & Perron, 2019; IPCC, 2018). A major driver of this increase is the CO 2 level in the air,
which has been growing steadily since the pre-industrial era (Iglínski & Babiak, 2017). Besides rising
temperatures, this has other major global consequences, for instance distorted pH values in oceans,
polluted air, more extreme climate conditions, desertification, acidification and loss of natural animal
habitats, leading to several social, environmental and economic consequences (Carbon Stock, 2018;
Hunter, 2007; Kuhlbrodt & Gregory, 2012; Rosenthal, 2008; Watkiss et al., 2005).
The main source of CO2 emissions is fossil fuels and the transportation sector is a major contributor
since this sector is over 95% dependent on fossil fuels (Bicer & Dincer, 2018; Hanif, 2018). More
specifically, road transport carries a great burden with respect to global emissions (Bauer et al., 2015;
Offer et al., 2010). In Europe, the transportation sector contributes around 30% of CO2 emissions, of
which approximately 43% is caused by passenger cars (European Parliament, 2019).
To reduce these passenger car emissions, many European countries are introducing strict measures.
For example, Germany has introduced emission restrictions, as well as banning sales of fossil-fuelled
passenger cars by 2030 and ownership by 2050 (De Souza et al., 2018; Li et al., 2019). Further, the
European Commission has presented a legislative proposal, which states that CO2 emissions of new
cars should drop by 30% in 2030 (European Commission, 2018). Consequently, due to these push
factors in the form of legislation and climate change, transportation alternatives are warranted to
decrease fossil fuel use and thereby CO2 emissions, which is illustrated within the passenger car market
since fossil-fuelled cars are sought to be replaced (Bicer & Dincer, 2018; Vinoth Kanna & Paturu, 2018).
The automotive branch has responded to this demand through the global commercialization of
alternative fuel vehicles, such as (full/hybrid/plug-in) electric and biofuel-driven vehicles (Lipman et
al., 2018). A prominent development of the last few years is the rise of well-developed electric vehicle
technologies that are applied to the most recent models and experienced a 63% growth (to five million
cars) globally in 2018 compared to 2017 (IEA, 2019; Li et al., 2019). Whereas this emerging market for
electric vehicles is obviously seen as an environmentally-beneficial development, critical notes have
also been raised. For example, although electric cars produce zero local emission, life cycle analyses
show that the production and disposal of the heavy batteries that are required to facilitate sufficient
range, come with serious environmental impacts (Bicer & Dincer, 2018; Nordelöf et al., 2014). What is
more, electric cars need certain resources that are finitely available and are not recyclable or
disposable without corresponding environmental impact (Ruiz et al., 2018). Although these issues are
not directly related to CO2 emission, they do put into question whether electric cars are the best next
thing, looking at the broader picture of environmental challenges that are being faced globally.
Another development in transportation is the upcoming technology of hydrogen-fuelled vehicles. In a
study comparing alternative fuel cars, it was found that hydrogen vehicles are the most
environmentally-friendly option (Bicer & Dincer, 2018; World Energy Council, 2017). This is largely due
to the fact that hydrogen-fuelled vehicles do not require heavy batteries, as hydrogen is fuelled into
the car, from which energy is extracted (Li et al., 2019). This is done through the use of fuel cells, which
facilitate the extraction of electricity from hydrogen through reverse electrolysis, thereby producing
energy in the form of electricity, warmth, and the only by-product: water (BMW, 2020).
An issue that both electric and hydrogen cars face, is that they rely on electricity, which is primarily
generated through fossil-fuelled processes (Bicer & Dincer, 2018). Hydrogen can be produced in three
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ways (Dincer & Acar, 2017): (i) through thermoconversion of biomass and fossil fuel, (ii) by using
electricity to split H2O and (iii) by using light to split H2 from a source. Most hydrogen is produced
through thermoconversion of fossil fuel, which to a large extent omits environmental benefits that
hydrogen cars have over fossil-fuelled cars (Bicer & Dincer, 2018; Ruiz et al., 2018). However, recent
developments and policies are increasingly steering towards sustainable electricity, thereby nullifying
this issue in the foreseeable future, the International Renewable Energy Agency (IRENA, 2020) states.
Besides the environmental benefits that hydrogen cars have over electric cars, there are also several
practical advantages. For example, by not having to charge a battery, comparing the ‘refuelling’ times
puts hydrogen cars in an advantage, as they can be refuelled in a similar fashion as fossil fuel cars. It
is, however, noteworthy to mention that many charging stations for electric cars already exist, on the
road as well as at home, which is not the case for hydrogen (Robinius et al., 2018). Having said that, in
recent years, an increasing amount of hydrogen fuelling stations opened up (from 35 in 2016 to 113 in
2019 in the EU (EAFO, 2019)), thereby increasing the hydrogen refuelling availability. The more
hydrogen fuelling stations emerge, the more closely the availability resembles the circumstances of
fossil fuels, which is the infrastructure that is aimed for (Melaina, 2007). What is more, with a driving
range of 480 kilometres on average with a hydrogen car, compared to 290 kilometres with an electric
car, the barrier of range anxiety can be overcome (BMW, 2020; Statista, 2020). Although the current
prices for hydrogen are higher compared to electricity (€9-12 and €2-7 per 100 kilometres
respectively), these prices will drop when more hydrogen cars are adopted (Hydrogen Europe, 2018;
Volkswagen, 2019). To illustrate, in a scenario analysis, Robinius et al. (2018) found that mobility costs
for both technologies were similar (€0.046 and €0.045 cents per kilometre for hydrogen and electric
cars respectively). Consequently, hydrogen cars are considered promising and advantageous over the
alternatives, with an increased popularity as a consequence (Bicer & Dincer, 2018).
Seeing this potential, several manufacturers (e.g. Toyota, Honda, Ford, BMW and Audi) have
introduced hydrogen cars for the consumer market and more are expected shortly (Gurz et al., 2017;
Kantona, 2020; Lipman et al., 2018). Successful market penetration is pivotal in reaching the goals of
EU policy initiatives, such as Low-Carbon Europe on the short-term and the climate policy initiative
that aims to reduce 40% of greenhouse gas emission by 2030 in comparison to 1990 (McDowall, 2012;
Seelam et al., 2020; Sgobbi et al., 2016). Even though it was found that hydrogen is globally accepted
to be the replacement of fossil fuels (Ball & Wietschel, 2009), in order to attempt to remedy climate
changes, it is essential that hydrogen vehicles obtain a larger market share, sooner rather than later.
Public acceptance is critical to successfully obtain larger shares in the consumer market of alternative
technologies such as hydrogen vehicles (Li et al., 2019). Literature has already identified several drivers
of hydrogen car attitude and adoption, namely environmental friendliness, performance, range and
refuelling time compared to electric vehicles (Hanley et al., 2018; Hardman et al., 2017; Lopez Jaramillo
et al., 2019). In contrast, prevalent barriers identified by academics are high purchasing prices, a lack
of hydrogen refuelling infrastructure, the source of hydrogen and safety issues (Campbell et al., 2012;
Hanley et al., 2018; Hardman et al., 2017; Li et al., 2019). However, these drivers and barriers are all
technology-driven benefits, prerequisites or constraints to owning a hydrogen car. This typifies the
state of current literature, which has consistently approached the topic from a technology-driven
viewpoint, without including other potentially relevant aspects. As the technology of hydrogen cars is
growing into a state of maturity, looking beyond the practical, technology-driven aspects is warranted.
For instance, it is found that the acceptance of a technology or product is oftentimes affected by
personal perception encompassing benefit and risk perception (Kang & Park, 2011). As Johnston (2008)
states, two people may adopt different consumer roles that seem inconsistent, simply because of
different underlying goals and motivations. This is in line with the current movement in consumer
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science: behaviour is considered to be based to a lesser extent on conscious and deliberate choice, but
rather on unconscious, gut feelings and influences from the environment (Fischer & Reinders, 2016).
Inferring from this, it can be stated that merely taking a practical, technology-driven approach, which
is where literature has left off, is not sufficient. To this end, this study answers to the necessity in taking
the next step in literature on the adoption of hydrogen cars by going beyond the limited technologydriven drivers and barriers through examining the effects that specific personal- and social-level
characteristics have. In doing so, this study aims to identify the theoretically most relevant
determinants to test empirically, as including an excessive amount of determinants is not deemed
favourable. Whereas including numerous variables contributes to explained variance, it also causes
the model to become more complex and thereby difficult to identify aspects of improvement for a
particular innovation (Fischer & Reinders, 2016). What is more, increasing the number of predictors
may cause real-world irrelevant effects to become statistically significant and, subsequently, distract
scholars from the main incentives to consumer behaviour, leaving these unexplained (Bagozzi, 2007;
Cohen, 1992; Lynch et al., 2012). Therefore, this study follows Fischer & Reinders (2016, p. 283), who
propose that “[the] most progress could probably be made by better understanding the core of
consumer decision making rather than adding ever-more detailed determinants in existing models.”
As this is the first study that steps outside the realm of technology-driven determinants, it can serve
as a building block towards understanding the adoption of hydrogen cars by the consumer market that
subsequent studies can build upon. More directly, by identifying these personal- and social-level
determinants, input for a framework is provided that resembles real-world attitude formation with
respect to hydrogen cars more accurately than before, which can be used to promote the sales and
utilization most effectively. The main research question, with corresponding sub research questions,
that corroborate to these study aims are formulated as follows:
−

What influences attitude towards hydrogen cars within the consumer market?
o What technology-driven aspects influence attitude towards hydrogen cars?
o What is the role of personal values in the formation of attitude towards hydrogen cars?
o What is the role of social aspects in the formation of attitude towards hydrogen cars?

The questions above are answered through the identification of potential drivers and barriers with
respect to attitude towards hydrogen cars. On the basis of this information, hypotheses will be
formulated and subsequently tested by means of a survey. Consequently, relevant determinants are
identified that go beyond the findings of the current state of literature. As Van Kleef et al. (2005) state,
to avoid unnecessary rejection or investments in innovations, it is of importance to include the insights
of consumers into the innovation early on, which is what this study aims for. This study’s findings
contribute to gaining new consumer insights that can be used to steer into the direction of intervention
strategies and marketing which serves to increase consumer acceptance, and subsequently adoption,
of hydrogen cars. This will in turn diminish the transportation sector’s environmental impact, thereby
contributing to realising several goals set by various governmental entities (e.g. the EU).
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2 Theoretical framework
Figure 1 shows the proposed framework that is put to the test in the present study. On the left-hand
side, perceptions of six reasons for and against adoption that are prevalent throughout literature on
hydrogen technology are presented. These are either technology-driven product attributes (i.e. a
characteristic of hydrogen cars) or contextual aspects (not a characteristic of the car itself, but of
importance in the broader sense). This framework proposes that these perceptions combined lead to
an attitude towards hydrogen cars. However, it is proposed that this does not merely occur in
seclusion, but is instead influenced by personal values, social norms and degree of conspicuousness.
In the following chapters, the influence from the perceptions on attitude towards hydrogen cars is
theoretically substantiated and translated into hypotheses. Subsequently, the same is done for the
proposed moderating effects that personal values, social norms and conspicuousness have. Lastly,
variables that need to be controlled for, as well as an exploratory part of this study, are presented.

Figure 1. The proposed framework.

2.1 Perception, attitude, acceptance and adoption
As the proposed framework shows, perceptions of several aspects of hydrogen cars lead to a certain
attitude towards hydrogen cars. The following chapters theoretically outline the proposed association
between consumers’ perceptions and attitude. The following paragraphs substantiate the assumption
made in this study, namely that attitudes leads to acceptance, which in turn leads to adoption.
Conceptually, scholars use perceptions and attitudes interchangeably, both referring to the way
attitude is conceptualized in this study: a psychological tendency (either positive or negative) towards
a certain behaviour or object. What is more, the chains of influence that ultimately lead to adoption
are present in great variety as well. For instance, the theory of planned behaviour (Ajzen, 1985) defines
attitude as an attitude that people develop towards a certain behaviour or object (Ajzen, 1991). This
attitude leads to behaviour through intention. In contrast, another well-known example is the TAM
model, in which perceived usefulness (defined as an individual’s beliefs that using the product
enhances job performance) leads to attitude (defined as the general impression of the technology)
and, subsequently, to behavioural intention (defined as a factor that leads people to use a certain
technology), which ultimately leads to actual use (Davis, 1989). These examples show that, even
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though the number of variables as well as the content of the variables present in the models varies,
they both lead to the same conclusion: a positive attitude leads to use behaviour. What is more, even
though the models may use completely different terms, they largely portray similar concepts and
associations as the present study.
In the realm of the subject of the present study, Viardot (2004) proposes a direct link between
perceptions of a product and use behaviour by stating that positive perceptions of a product make
consumers more likely to purchase high-tech products. This is supported by findings of the study of
Yusof et al. (2013) in the realm of environmentally-friendly products. More specifically, Kang & Park
(2011) state that the perception of hydrogen vehicles directly affects acceptance.
As this section has shown, literature agrees that a positive attitude towards a technology or product
ultimately leads to adoption, naturally under the provision that it is implemented correctly. It could be
the case that several factors play a role in this chain of influences, for example intention (as Ajzen
(1985) proposes). This relationship between attitude, acceptance and adoption is, however,
considered to be out of this study’s scope of focus. Instead, the present study focuses on the identified
literature gap: inference making on the basis of perceptions of known reasons for and against adoption
in conjunction with a personal and social component, thereby assuming that attitude towards
hydrogen cars ultimately leads to hydrogen car adoption.

2.2 Determinants of attitude towards hydrogen cars
This chapter outlines how perceptions of product attributes and contextual aspects of hydrogen cars
form an attitude towards hydrogen cars, which is subsequently translated into hypotheses.

2.2.1 Performance perception
Consumers’ perceptions with respect to driving performance and comfort can affect purchase
intention (Kang & Park, 2011). This is in line with early work executed by Ewing & Sarigöllü (1998), who
found that the key to increase demand for low-emission vehicles is to be able to compete with
conventional vehicles in terms of performance. Findings from a literature review also suggest that
performance-related attributes are important with respect to hydrogen car acceptance (Roche et al.,
2010). The widely-adopted UTAUT model (Venkatesh et al., 2003) also includes a performance
component that influences behaviour through behavioural intention. Performance is conceptualized
as comprising of three components: acceleration, driving range and refuelling time. The following
sections substantiate the proposed influence on attitude for each component separately.
2.2.1.1 Acceleration
Hydrogen cars are in essence electric cars and therefore have superior acceleration compared to their
fossil-fuelled counterparts, because they generate significantly more torque. In fact, findings of studies
in the realm of electric cars (Li et al., 2017) and hydrogen cars (Shaheen et al., 2008) suggest that
consumers’ performance perceptions become more positive when experiencing the high acceleration
of electric and hydrogen cars. It is thus expected that the acceleration of hydrogen cars positively
contributes to the performance characteristics and thereby a positive attitude towards hydrogen cars.
2.2.1.2 Driving range
Driving range of hydrogen vehicles was originally seen as a limitation by consumers, as Shaheen et al.
(2008) have shown. However, since then, the driving range of hydrogen vehicles has been extended
due to technological developments. It can therefore be seen as a driver rather than a barrier, as the
range exceeds that of electric vehicles and comes fairly close to fossil-fuelled vehicles (BMW, 2020;
Hardman et al., 2015; Statista, 2020). To illustrate, studies examining the range of both hydrogen and
5

electric vehicles found that consumers desire and consider hydrogen cars superior over electric cars
Hardman et al., 2017; Hardman et al., 2015). Further, in a conjoint analysis, Linzenich et al. (2019)
found that driving range predicts hydrogen vehicle adoption. This is supported by a study that assessed
the relevance of driving range of alternative fuel vehicles, amongst which hydrogen vehicles, and found
a high-decision relevance of driving range on vehicle choice (Valeri & Cherchi, 2016). Hence, driving
range positively contributes to performance perception and thereby to attitude.
2.2.1.3 Refuelling time
Whereas recharging a battery-powered electric car may take up to several hours, refuelling a hydrogen
car merely takes minutes, much like conventional cars (Offer et al., 2010). A study on post-trial
attitudes found that the refuelling perceptions were more positive for hydrogen cars than for electric
cars (Hardman et al., 2015). What is more, Martin et al. (2009) found that the perception of refuelling
hydrogen cars was relatively positive as well. Deriving from these studies, refuelling characteristics of
hydrogen cars are expected to positively contribute to performance perception and thereby attitude.
2.2.1.4 Hypothesis 1
The three sections above are similar with respect to the direction of the influence that performance
indicators have on performance. In other words, acceleration as well as driving range and refuelling
time theoretically contribute to a positive performance perception. As stated in the introductory part
of this section, the performance perception in turn leads to purchase intention, an increase in demand
and so on. Therefore, the following is hypothesized:
→ Hypothesis 1: An increase in performance perception of hydrogen cars positively influences attitude
towards hydrogen cars.

2.2.2 Perception of environmental benefits of hydrogen cars
Shaheen et al. (2008) found that environmental sentiment positively influences consumers’ impression
of hydrogen vehicles, but a significant association between environmental consciousness and
acceptance was not identified. As Ricci et al. (2008) state, environmental advantages alone may not
sufficiently persuade consumers to make certain concessions (e.g. an increase in costs) in the adoption
of alternative technologies. Nevertheless, a great deal of evidence suggests that environmental
incentives contribute to the acceptance (attributes) of alternative fuel vehicles. For example, the
perception of environmental benefits of hydrogen cars was found to significantly predict willingness
to try (Kang & Park, 2011). What is more, Noblet et al. (2006) found that eco-labels influence purchase
decisions significantly, which suggests that consumers prefer environmentally-friendly products. In line
with this, findings of a choice experiment suggest that an aspired reduction in pollution significantly
predicts willingness to pay for electric vehicles and that consumers that had made a lifestyle change
to contribute to improving the environment had an increased orientation towards electric vehicles
(Hidrue et al., 2011). Vice versa, findings of a study executed by O’Garra et al. (2008) suggest that
opposition against hydrogen vehicles is determined by non-environmental attitudes. Thus, this large
body of research supports the notion that the perception of environmental benefits positively
influences attitude towards hydrogen cars, leading to the following hypothesis:
→ Hypothesis 2: Consumers’ perception of the environmental benefits that hydrogen cars possess
positively influences attitude towards hydrogen cars.

2.2.3 Perception of purchasing costs
Several studies found that consumers have a willingness to pay extra for green, sustainable alternatives
compared to conventional products (Sellers-Rubio & Nicolau-Gonzalbez, 2016; Tait et al., 2016), which
is fortunate since hydrogen cars are relatively expensive due the costs of fuel cells and the small-scale
6

production volumes (Offer et al., 2010). Although purchasing a car is a much larger investment than
just any sustainable alternative, ample studies have been published suggesting that this is the case for
alternative fuel vehicles as well (Costa et al., 2019; Egbue et al., 2017; Tarigan & Bayer, 2012).
Nevertheless, in the realm of hydrogen cars, the costs of purchase of hydrogen cars are still considered
to be a barrier to the adoption of the technology. For instance, Hardman et al. (2017) found that nearly
half of their early adopter sample considered the costs of hydrogen vehicles a significant barrier. This
is especially problematic since early adopters are normally willing to spend relatively more money to
consume products in early stages of the innovation. It is therefore not surprising that many studies
suggest that the costs of hydrogen cars form a major barrier (Linzenich et al., 2019; Schmoyer et al.,
2006; Zachariah-Wolff & Hemmes, 2006). As Schulte et al. (2004) suggest, vehicle costs is an essential
factor since it is a large expenditure for most consumers. Hence, the following hypothesis is proposed:
→ Hypothesis 3: An increase in consumers’ perception of purchasing costs negatively influences
attitude towards hydrogen cars.

2.2.4 Safety perception
If consumers consider hydrogen cars unsafe, it is determinantal to the adoption, as the perception of
the slightest decreased safety is considered a key deterrent (Zachariah-Wolff & Hemmes, 2006). In line
with this, Schmoyer et al. (2006) found that safety was the most important attribute to hydrogen cars
and Hardman et al. (2017) identified safety as a key barrier to adoption. Numerous other studies have
also found this influence of perceived safety on hydrogen car evaluation (Al-Amin & Doberstein, 2019;
Chen et al., 2018; O’Garra et al., 2008). Thus, it can be concluded that safety perception of hydrogen
cars influences attitude, leading to the following hypothesis:
→ Hypothesis 4: An increase in consumers’ positive safety perceptions positively influences attitude
towards hydrogen cars.

2.2.5 Perception of the hydrogen infrastructure
In recent years, an increasing amount of hydrogen fuelling stations opened up, from 35 in 2016 to 113
in 2019 in the EU (EAFO, 2019). Although the availability thus increases, a prevalent reason against the
adoption of hydrogen cars in literature is the current (lack of) infrastructure. For instance, in a
qualitative study examining the barriers to hydrogen vehicle adoption amongst early adopters, it was
found that the lack of a hydrogen infrastructure (as well as the source of hydrogen) was the most often
mentioned barrier (Hardman et al., 2017). Similar results were found by ample studies (Hardman et
al., 2015; O’Garra et al., 2008; Shaheen et al., 2008). It is very likely that this is related to studies
indicating that convenience needs to be at least similar to conventional transport methods, whereas
hydrogen poses restrictions on consumer behaviour (Schulte et al., 2004; Shaheen et al., 2008). In
contrast to hydrogen, the electricity infrastructure has developed a great deal, which encourages
consumers to purchase electric vehicles (Offer et al., 2010; Patt et al., 2019). Hence, both conventional
and electric vehicles have an advantage over hydrogen vehicles with respect to infrastructure. Since a
working infrastructure is a necessity to consumer acceptance and a lack thereof can lead to resistance
(Schulte et al., 2004; Sperling & Kitamura, 1986), the following hypothesis is proposed:
→ Hypothesis 5: An increase in consumers’ positive perception of the state of the hydrogen
infrastructure positively influences attitude towards hydrogen cars.

2.2.6 Perception of environmental consequences of hydrogen production
This proposed determinant is ostensibly similar to ‘Environmental benefits of hydrogen cars’ in the
proposed framework. However, a distinction has been made due to the fact that the source of
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hydrogen and the environmental friendliness of hydrogen cars themselves are separate issues. To
clarify, hydrogen car technology is an environmentally-friendly technology when looked at in isolation.
The production of hydrogen is considered a separate issue as this encompasses hydrogen car
technology, but rather refers to the context in which hydrogen cars are used. Further, a change in
hydrogen production does not result in a change in hydrogen car technology and vice versa. Hence,
the source of hydrogen is treated as a distinct contextual aspect and determinant.
There are consumers that look at the technology of hydrogen in cars from a systemic point, thus
including emissions generated throughout the entire energy cycle. For example, Hardman et al. (2017)
found through semi-structured interviews that, amongst early adopters, the source of hydrogen
(together with the lack of infrastructure) is the most prevalent barrier to the adoption of hydrogen
cars. Similarly, another qualitative study took a whole-system approach, which revealed concerns with
respect to the environmental impact of the production of hydrogen (Bellaby et al., 2007). In a study
involving focus groups, the majority included well-to-wheel rather than merely local emission when
considering the environmental impact of electric cars (Kester et al., 2019).
Deriving from this information, the extent to which a consumer considers the production of hydrogen
to have environmental consequences negatively affects attitude, leading to the following hypothesis:
→ Hypothesis 6: An increase in consumers’ perception of the environmental consequences of
hydrogen production negatively influences attitude towards hydrogen cars.

2.3 Moderating effects
This study builds upon the relations substantiated in the previous chapter by proposing personal
values, social norms and conspicuousness as variables of influence.

2.3.1 Personal values
Personal values can be defined as self-expectations of a particular action in a specific situation, which
is experienced as a moral obligation (Schwartz, 1977). As Thøgersen (2006) state, such values are
adhered to in order to reach an internal equilibrium. These values are found to have effects on
perceptions, decisions, behaviour and acceptance with respect to certain products (Baykara, 2005;
Yusof et al., 2013), which is also found to be the case for alternative fuel vehicles such as hydrogen
cars. For example, Kang & Park (2011) found a significant association between personal values
(conceptualized as personal attitudes towards elements of society) and hydrogen car acceptance.
Similarly, Schulte et al. (2004) found that values predict consumer acceptance of hydrogen fuel.
2.3.1.1 Introducing the theory of basic values
This study conceptualizes values through the theory of basic values (Schwartz, 1992), which is
empirically shown to be universal across cultures. Incorporating this theory perfectly aligns with the
design of this study, as Schwartz (2012, p.3) states that “Values are used to characterize cultural
groups, societies, and individuals, to trace change over time and to explain the motivational bases of
attitudes and behavio[u]r.” The ten values (of which several are incorporated in this study as described
in the next chapter), are defined as follows (Schwartz, 2012):
−
−
−
−
−

Self-direction: organismic need for control and mastery, and independence and autonomy;
Stimulation: organismic need for variety and stimulation to maintain a certain activation level;
Hedonism: the pleasure associated with satisfying organismic needs;
Achievement: obtaining social approval through the demonstration of competence with
respect to prevailing cultural standards in concrete interaction;
Power: the attainment or preservation of a dominant position within the general social system;
8

−
−
−
−
−

Security: serve individual interests (e.g. something is clean), or wider group interests (e.g.
national security), to reach the goal of security for oneself or those with whom one identifies;
Conformity: individuals’ inhibition of inclinations that might undermine or disrupt interaction
and group functioning, thereby emphasizing self-restraint;
Tradition: the expression of religious rites, beliefs and norms of behaviour based on developed
practices, symbols, ideas and beliefs that have become group customs and traditions;
Benevolence: organismic needs for affiliation and the requirement of smooth group
functioning, thereby emphasizing a voluntary concern for the welfare of others;
Universalism: survival needs of individuals and groups that do not get recognized until one
encounters others beyond one’s primary social group and becomes aware of the scarcity of
natural resources. Two subtypes are for the welfare of this in the larger society and world, and
for nature.

2.3.1.2 The moderating effects of personal values
An expected value of relevance in the present study is what Schwartz (1992; 2012) has identified as
hedonism, which is defined through its goal: pleasure or sensuous gratification for an individual of
which the values are derived from needs and the associated pleasure when satisfied. In the realm of
alternative fuel vehicles, several studies have included a hedonic component as well, using the term
driving-hedonism that is defined as the pleasure, excitement and enjoyment of driving (Steg, 2005;
Tchetchik et al., 2020). This study conceptualizes performance three-dimensionally (i.e. acceleration,
driving range and refuelling characteristics). For acceleration there is a clear hedonic component,
whereas it could be argued that this is not the case for driving range and refuelling characteristics.
However, since the theory of basic values speaks of pleasure or sensuous gratification that are derived
from needs, whereas driving-hedonism entails driving characteristics more generally, it is argued that
driving range as well as refuelling characteristics are perceived as driving characteristics in consumers’
minds and therefore contain a hedonic component. In other words, the present study proposes that
hydrogen car performance aspects contain a hedonistic component since they provide pleasure.
Therefore, the following hypothesis is formulated:
→ Hypothesis 7a: With an increase of an individual’s hedonism values, the effect of the perception of
performance on attitude towards hydrogen cars is strengthened.
Tarigan & Bayer (2012) found that pro-environmental values lead to a higher level of acceptance of
hydrogen vehicles as well as an increased willingness to pay. This relates to universalism values as
defined by Schwartz (1992), which are characterized by the defining goals “[…] understanding,
appreciation, tolerance and protection for the welfare of all people and for nature” (Schwartz, 2012,
p. 7). Hence, since universalism contains environmental values, it is expected that people with a high
degree of universalism care more about the environment. Therefore, it is expected that a positive
perception of the environmental benefits of hydrogen cars and its influence on attitude is
strengthened by an increase in one’s universalism values. The same goes for the perception of the
environmental consequences of hydrogen production, albeit the other way around: the effect on
attitude is expected to be strengthened, where an increase in universalism values leads to a less
positive attitude towards hydrogen cars. This leads to the following hypothesis:
→ Hypothesis 7b: With an increase of an individual’s universalism values, the effects of the perception
of the environmental benefits of hydrogen cars and the environmental consequences of hydrogen
production on attitude towards hydrogen cars are strengthened.
A study amongst construction workers found that personal norms influence safety behaviours (Choi et
al., 2017). In line with this, it is expected that, if consumers consider hydrogen technology (un)safe,
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their attitude towards hydrogen cars becomes more positive (negative), which is influenced by
personal norms as safety is a personal value (Klöckner & Matthies, 2009). Therefore, personal values
in the form of what Schwartz (2012) calls ‘security’ (with the defining goals being safety, harmony and
stability of society, relationships and oneself), are expected to play a determining role as well. Hence,
it is expected that an increase in security values strengthens the influence of safety perception on
attitude towards hydrogen cars, as the following hypothesis proposes:
→ Hypothesis 7c: With an increase of an individual’s security values, the effect of the perception of
safety on attitude towards hydrogen cars is strengthened.
With respect to the remaining perceptions, there is no reason to assume that personal values play a
role in the constitution of attitude towards hydrogen cars.

2.3.2 Social norms
Social norms are based on expected rewards and punishment by a particular social group, which causes
people to act according to these norms as a result of social pressure (Jansson et al., 2017; Thøgersen,
2006). The well-known theory of planned behaviour (Ajzen, 1985) also included social norms. This
study follows Cherchi (2017), who conceptualizes social norms to consist of both descriptive and
injunctive norms. Descriptive norms refer to the extent to which individuals’ behaviour is affected by
what other people. In turn, injunctive norms refer to the extent to which individuals’ behaviour is
affected by what other people think of his/her actions. Cherchi (2017) has also included socialsignalling in the concept of social norms, which indicates how individuals’ behaviour is influenced by
the image that an individual wants others to have about him/her. However, this study leaves out the
latter concept since it is considered to be not sufficiently distinct from injunctive norms.
In the realm of sustainable consumption, social influence is found to be important to, or even boost,
individual sustainable consumption behaviour (Jansson et al., 2017; Wang et al., 2019). The same is
true for new technologies, as Venkatesh et al. (2003) have verified that social influence has a significant
effect on intention and use behaviour of technologies. Taking it one step further, Grove-White et al.
(2000) state that consumers often rely crucially on the judgment of others, for instance friends, NGOs
or even brands. Viardot (2004) found a similar association and states that groups of reference (e.g.
friends, family and colleagues) strongly influence purchase decisions of high-tech products.
Deriving from social influence theories, their application on sustainable and technology consumption
and acceptance, it is thus expected that social norms have an impact on hydrogen car attitude
formation. More specifically, social norms are expected to have a strengthening effect on the
association between performance perception and attitude towards hydrogen cars, since owning a car
with high-performance aspects is expected to make individuals feel like a more valuable member to a
certain social group. The same is true for the influence of social norms on the perception of
environmental benefits of hydrogen cars, as well as the perception of environmental consequences of
hydrogen production, on attitude towards hydrogen cars, as complying with the social standard of
being environmental conscious is expected to make individuals feel non-ignorant and like they belong
to a certain social group to a larger extent (Brach et al., 2018; Joshi & Rahman, 2018). Further, if one’s
social group values safety, the effect that safety perception has on attitude towards hydrogen cars is
also expected to be strengthened. Hence, the following combined hypothesis is formulated.
→ Hypothesis 8a: An increase of an individual’s perception of the presence of social norms has a
strengthening effect on the influence of the perception of performance, the perception of
environmental benefits of hydrogen cars, safety perception and the perception of environmental
consequences of hydrogen production on attitude towards hydrogen cars.
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Social norms positively influence the willingness to pay for environmentally-beneficial products (Jones
et al., 2009). Therefore, the following weakening hypothesis is proposed, since the main effect from
purchasing costs on attitude towards hydrogen cars is hypothesized to be negative:
→ Hypothesis 8b: An increase of an individual’s perception of the presence of social norms has a
weakening effect on the influence of the perception of purchasing costs on attitude towards hydrogen
cars.

2.3.3 Conspicuousness
Conspicuous consumption is defined as the act of inflating one’s ego through portraying wealth and
status by means of the purchase and display of products to impress others (Veblen, 1934). It differs
from social norms through actively involving the act of seeking to purposely influence people’s
judgment through the consumption of goods that are known to portray high social standards (e.g.
expensive clothes). In contrast, social norms serve to create a sense of belonginess in a certain (social)
group. Thus, people either want to feel (social norms) or show (conspicuousness) that they belong.
Conspicuous consumption is a well-known and researched concept with respect to purchasing and
owning cars. For instance, Winkelmann (2012) found that conspicuous consumption plays a role in the
consumption of Porsches and Ferraris (considered high-end car brands). Saad & Vongas (2009) even
found that, amongst young men, salivary testosterone levels were higher when driving a luxury sports
car compared to a family sedan (which was conceptualized as an indicator for conspicuousness).
With respect to conspicuously consuming environmentally-friendly products, Sexton & Sexton (2014)
found that conspicuous conservation (the undertaking of (costly) actions in order to exhibit prosocial
behaviour in the realm of environmental protection) positively influences the purchase of
environmentally-friendly cars. This is confirmed by Schaefers (2014), who found that hybrid cars serve
as means for conspicuous consumption when examining the relation of niche markets and conspicuous
consumption. What is more, Kang & Park (2011) found that the motivation of self-actualization through
belonging to a group by imitating people in terms of product ownership was positively associated with
the acceptance of hydrogen cars. This is consistent with the finding of Heffner et al. (2007): hydrogen
cars are considered a product with powerful symbolic meanings that make a statement about oneself.
Deriving from the prior paragraphs, it is expected that conspicuousness influences the effect that social
norms have on the relationship between the perceptions and attitude towards hydrogen cars. This is
the case for the environmental benefits of hydrogen cars and the consequences of hydrogen
production due to conspicuous conservation, but also for performance and purchasing costs as these
are aspects that are typically conspicuously portrayed. This translates to the following hypothesis:
→ Hypothesis 9: With an increase in conspicuousness, the influence that social norms have on the
effects of the perceptions of performance, environmental benefits of hydrogen cars, purchasing costs,
and environmental consequences of hydrogen production on attitude towards hydrogen cars, are
strengthened.

2.4 Control variables
This section illustrates the need to account for the sociodemographic characteristics age, gender and
level of education, as well as for knowledge about, and familiarity with, hydrogen (car) technology.

2.4.1 Sociodemographic characteristics
Numerous studies have reported an association between sociodemographics and hydrogen car
acceptance/adoption, as the following chapter substantiate. These influences are, however, not
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translated into hypotheses or included in the model due to the focus of this study, but are included as
control variables to be able to account for their influence.
2.4.1.1 Age
The generally accepted notion is that age is an important determining factor in the realm of acceptance
and purchase of innovative, high-tech products (Viardot, 2004). This was also found in studies on
electric vehicles, where an orientation and perception positivity decrease were identified for people
of increasing age (Egbue & Long, 2012; Hidrue et al., 2011; Plötz et al., 2014). This was also found by
Ziegler (2012), who found that younger people have a higher preference for hydrogen and electric
vehicles. Similar results were found by several studies examining willingness to pay for, use and accept
hydrogen applications (Hardman & Tal, 2018; Molin, 2005; Tarigan & Bayer, 2012; Zachariah-Wolff &
Hemmes, 2006). Hence, age is expected to influence attitude and is thus included as a control variable.
2.4.1.2 Gender
In electric car adoption literature, the finding that males are more accepting is prevalent. For example,
males were found to have more positive perceptions of electric vehicles (Egbue & Long, 2012), a higher
preference (Ziegler, 2012) and a higher adoption rate (Plötz et al., 2014). With respect to hydrogen
cars, studies have found that males have a higher willingness to pay (Tarigan & Bayer, 2012) and are
more accepting (Molin, 2005; Roche et al., 2010). Hence, gender is included as a control variable.
2.4.1.3 Level of education
Studies have found that higher-educated people have increased orientations (Hidrue et al., 2011),
more positive perceptions (Egbue & Long, 2012), increased stated choices (Potoglou & Kanaroglou,
2007) and higher adoption rates (Plötz et al., 2014) with respect to (hybrid) electric cars. This is
consistent with findings that level of education is positively related to individual innovativeness and
acceptance of new technologies (Noh et al., 2016; Tellis et al., 2009). Studies in the realm of hydrogen
technology found similar results: Molin (2005) and Zachariah-Wolff & Hemmes (2006) identified that
level of education has a significant influence on hydrogen acceptance. Deriving from this, the need to
include level of education as a control variable is clear.

2.4.2 Knowledge
Numerous studies have found that the public has very little knowledge of hydrogen (car) technology
(Molin, 2005; Ricci et al., 2008; Roche et al., 2010; Zachariah-Wolff & Hemmes, 2006). Shaw (2002)
proposes knowledge as a cognitive determinant of the perception of technology. Literature suggests
that this is the case for hydrogen technology as well, as positive associations were found between
knowledge and hydrogen technology acceptance (Achterberg et al., 2010; O’Garra & Mourato, 2007;
O’Garra et al., 2008). In line with this, Huijts et al. (2012) propose that knowledge influences perception
of benefits, risks and barriers of a specific technology and thereby the acceptance. Following these
studies, this study conceptualizes knowledge as a variable of influence. What is more, by including
knowledge as a control variable, another pitfall is accounted for. As James (2004, p. 102) states: “[…]
because consumer awareness and knowledge are so low, many respondents are being asked for their
opinion about something they have not previously heard of or know little about”. It is therefore
expected that different people have varying degrees of knowledge that comes with different
perceptions and perhaps attitude, which can be studied when examining knowledge as a construct.

2.4.3 Familiarity
Familiarity with hydrogen car technology is defined in this study as the degree to which an individual
has experience with, or has been exposed to, hydrogen car technology. As Roche et al. (2010) state,
familiarity plays an essential role in the construction of attitudes, but not many people have (had) the
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opportunity to experience hydrogen cars. Studies examining the influence of familiarity found
significant positive effects on comfort with hydrogen (Shaheen et al., 2008), perceptions (Kang & Park,
2011; Schulte et al., 2004; Viardot, 2004), purchasing decisions (Kang & Park, 2011; Viardot, 2004) and
acceptance (Kang & Park, 2011; Schulte et al., 2004). This effect is also found in other fields, for
example in studies on the acceptance of novel food: studies on the acceptance of genetic modification,
(Grove-White et al., 2000), entomophagy (Tan et al., 2016) and ethnic food (Choe & Hong, 2018) found
that consumers that are more familiar with certain products increasingly purchase and accept these.
Since many consumers have not experienced or been exposed to hydrogen car technology, consumer
awareness is relatively low. Therefore, respondents that are more familiar with hydrogen car
technology are expected to perceive the technology itself differently compared to people with less
familiarity, thereby warranting the inclusion of familiarity as a control variable.

2.5 The diffusion of hydrogen cars
To be able to look at attitude towards hydrogen cars in a broader sense, the concept of innovation
diffusion is incorporated in this study as an exploratory component. In other words, by examining the
current state of hydrogen car adoption, the results with respect to the proposed framework can be
more readily put in perspective. This study conceptualizes adoption sociologically (i.e. what is needed
for adoption to come about) through Rogers’ (1995) diffusion of innovations theory. This theory
proposes that the diffusion of innovations is determined by innovation attributes and the extent to
which people value these. Following Huétink et al. (2010), who assessed hydrogen vehicle adoption,
innovation attributes are conceptualized as prerequisites for hydrogen car adoption as follows:
−
−
−
−
−

Relative advantage: the advantage of buying a hydrogen car as opposed to a conventional car;
Compatibility: the degree to which hydrogen car adoption requires consumers to alter their
behaviour in using a car;
Complexity: the ease of operation compared to conventional cars;
Trialability: the ability to try out a hydrogen car before buying it;
Observability: the visibility of hydrogen cars as a distinct product from conventional cars.

Innovation diffusion studies have found that these attributes account for 49-87% of adoption variance
(Rogers, 2010). Therefore, as an explorative component to this study, the current state of hydrogen
car adoption by the consumer market is examined through these attributes.
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3 Methodology
This chapter describes the methods starting with the design of the study and a sample description.
Subsequently, the drivers of variance in conjunction with the factorial design are introduced, followed
by the measures and the procedure. This chapter closes with a description of the data analysis.

3.1 Design of the study and sample
Through the use of online survey software (Qualtrics), a
cross-sectional study was conducted. After entering the
survey, participants were randomly placed in one of
seven experimental groups (as described in chapter
3.2). After the manipulations, all participants followed
the same survey flow through to the end.
Participants from the researcher’s network as well as
464 students that were enrolled in a survey database
were invited to take part in the study and had to be at
least sixteen years of age. Participants that completed
the survey were rewarded with a chance of winning a
€10,- gift voucher, which was raffled amongst all
participants five times. The survey was active from the
1st of September to the 15th of September 2020,
resulting in a full sample of 325 participants, which was
reduced to an analytic sample of 201 as described in
Figure 3. The analytic sample consisted of 76 males
(37.8%) and had a mean age of 29.98 years (SD=12.23).

Figure 3. From full to analytic sample.

3.2 Drivers of variance in the perceptions
This study showed diverging hydrogen car characteristics to participants by means of presenting
information with high- or no-value with respect to the six determinants of attitude towards hydrogen
cars. This was done in order to create variance within these six perception variables and increase the
likelihood of finding real-world effects with respect to their influence on attitude.
A full factorial design would require 64 (26) experimental
groups. However, since only main effects were of interest to
examine if the perceptions were influenced properly, the
information was extracted from a fractional factorial design
(which is also more feasible), containing seven groups (one
control group with no manipulations and six experimental
groups with one high- and five no-values for each variable
separately, as shown in Table 1), as Gustafsson et al. (1999)
and Lundstedt et al. (1998) propose. Participants were
randomly allocated in one of seven groups.

Table 1. Fractional factorial design
(X1-6 represents the perceptions).
X1
1
2
3
4
5
6
7

X2
+
-

X3
+
-

X4
+
-

X5
+
-

X6
+
-

+
-

All groups were shown the following introductory text: ‘Hydrogen cars are seen as a promising
alternative to fossil-fuelled cars, mainly due to the fact that they run on electricity (which is stored in
the car’s fuel tank in the form of hydrogen) instead of depleting fossil fuels (for example gasoline and
diesel). Several car manufacturers have recently introduced or are soon introducing hydrogen cars for
the commercial market.’ Every group, with the exception of the control group, was shown one
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additional high-value that corresponded to their experimental group (see Appendix I for an overview
of the presented introductory statements). The next chapters substantiate the applied statements.

3.2.1 Performance
Acceleration was manipulated by informing the high-value group that the acceleration of hydrogen
cars is on average 25% faster compared to fossil fuelled cars, following studies that successfully
assessed acceleration in terms of percentages (Axsen et al., 2013; Ewing & Sarigöllü, 1998).
Further, the high-value group was informed that the driving range of hydrogen cars is 500 kilometres
on average (similar to fossil-fuelled cars), since the average current driving range of hydrogen cars is
480 kilometres and Hoen & Koetse (2014) successfully manipulated driving range with similar highvalues (450 and 550 kilometres).
The last performance aspect, refuelling time, was manipulated through informing the high-value group
that refuelling a hydrogen tank completely merely takes two minutes (similar to fossil-fuelled cars),
following several studies that have manipulated refuelling time with diverging values (Byun et al.,
2018; Hackbarth & Madlener, 2013; Hoen & Koetse, 2014).
The high-value group was thus informed through the statement: ‘Compared to fossil-fuelled cars,
hydrogen cars accelerate on average 25% faster, have a similar driving range (500 kilometres) and take
equally long to refuel (about two minutes).’

3.2.2 Environmental benefits of hydrogen cars
This study has informed the high-value group respondents through the statement ‘Hydrogen cars are
on average 90% more environmentally-friendly compared to fossil-fuelled cars.’ This was based on
various studies containing choice experiments that presented varying values to respondents (e.g. Byun
et al. (2018), Hackbarth & Madlener (2013) and Linzenich et al. (2019)). Some even used 100%, but the
present study did not since respondents are assumed to acknowledge that every technology has some
environmental impact, thereby safeguarding credibility of the survey.

3.2.3 Purchasing costs
The high-value purchasing costs group was influenced by informing participants that ‘Hydrogen cars
are on average 150% (1,5 times) more expensive compared to fossil-fuelled cars.’, following Eggers &
Eggers (2011) and Hackbarth & Madlener (2013), who successfully manipulated purchasing costs
through presenting percentages relative to reference values.

3.2.4 Safety
The following self-developed statement was used to create variance in the perception of safety in the
high-value group: ‘Current hydrogen car technology is as safe as fossil-fuelled car technology, scientific
research confirms.’ This statement was based on facts and was self-developed since, to the
researcher’s knowledge, no existent manipulation was available.

3.2.5 Hydrogen infrastructure
The present study influenced the perception of the state of the hydrogen infrastructure by informing
the high-value group that ‘Compared to fossil fuel stations, the amount of existing hydrogen fuel
stations is 50% (half).’ Presenting accessibility in terms of percentages was opted for, following several
studies successfully conceptualizing hydrogen infrastructure this way (Hackbarth & Madlener, 2013;
Linzenich et al., 2019; Shin et al., 2019). The value was set (exaggerated) to 50% to be able to account
for differences between groups, while remaining credible.
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3.2.6 Environmental consequences of hydrogen production
The high-value group was informed on the true current state of the hydrogen production and its
negative environmental consequences by means of the following statement: ‘Currently, hydrogen is
mainly generated through fossil-fuelled processes. Also, the conversion rate of fuelling energy into
hydrogen (the process of making the hydrogen suitable as a fuel) accounts for a significant loss of
energy. Thus, hydrogen does in fact have environmental consequences and accounts for energy loss.’,
as no ready-made manipulation existed to the researcher’s knowledge.

3.3 Measures
A novel scale was used to capture attitude towards hydrogen cars, as there was no fitting ready-made
measurement available. The scale was based on previously-used scales in the realm of attitude towards
hydrogen cars (Molin, 2005; Zachariah-Wolff & Hemmes, 2006), attitude towards electric cars (Moons
& De Pelsmacker, 2012) and product origin influence (Brodowsky, 1998; Nagashima, 1977). The applied
measurement, of which items 1-3 were scored on 5-point Likert scales and items 4-10 on 5-point scales
ranging from the former mentioned concept to the latter mentioned concept, consisted of the
following ten items (Cronbach’s α of .892, representing very high internal consistency):
1. Investments in hydrogen cars are good;
2. Introducing hydrogen cars is good for the environment;
3. Convert to hydrogen cars as quickly as possible;
Score hydrogen cars on the following aspects:
4. Bad/good;
5. Do not like/like;
6. Not nice/nice;
7. Stupid/clever;
8. Useless/useful;
9. Not suitable/suitable;
10. Unreliable/reliable.
Performance perception was measured on a self-developed four-item scale, on the basis of the
conceptualization of performance in this study, through the statement ‘Compared to fossil-fuelled
cars, how do you consider hydrogen cars on the following aspects:’ with four answering categories:
‘acceleration’, ‘driving range’, ‘refuelling time’ and ‘performance in general’. Participants could
indicate their answers on a 5-point scale ranging from much worse to much better. This scale resulted
in a Cronbach’s α of .451, which indicates poor internal consistency. However, this is not considered
problematic since this scale is conceptualized in a more practical sense (by means of the practical
aspects acceleration, driving range and refuelling time), in contrast to multi-dimensional scales.
The perception of environmental benefits of hydrogen cars was measured with the following question:
‘What are your expectations with respect to hydrogen car use instead of the current fossil-fuelled cars
on the following aspects:’, based on successful measurements by Huijts et al. (2019). Participants had
to indicate their perceptions from much worse to much better on three items: ‘air quality’, ‘the climate’
and ‘the environment’, resulting in a Cronbach’s α of .886, representing high internal consistency.
The statement ‘In terms of purchasing costs, I consider hydrogen cars...’ measured the perception of
purchasing costs of hydrogen cars on a 5-point scale (‘cheap’, ‘affordable’, ‘quite expensive’, ‘really
expensive’ and ‘unbelievably expensive’). This measure was self-developed due to the fact that
literature did not provide a ready-made scale.
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To assess safety perception, participants were asked: ‘In comparison to fossil-fuelled cars, how safe do
you consider hydrogen cars to be?’ with five answering possibilities: ‘much less safe’, ‘less safe’, ‘about
as safe’, ‘safer’ and ‘much safer’, following Lipman et al. (2018).
Sufficiency in terms of amount of fuelling stations was assumed to be a more tangible concept
compared to the term hydrogen infrastructure and therefore the construct was measured through the
statement: ‘I think that the amount of hydrogen refuelling stations is sufficient.’ This scale was selfdeveloped due to non-existent precedents and could be answered on a 5-point Likert scale ranging
from completely disagree to completely agree.
The perception of environmental consequences of hydrogen production was assessed through the
statement ‘The use of hydrogen as a fuel for cars might have environmental consequences because of
the way it is produced.’, which could be answered on a 5-point Likert scale ranging from completely
disagree to completely agree. An additional statement was provided: ‘Compared to fossil fuels,
hydrogen is: …’, which could be answered on a 5-point scale ranging from much less, to much more,
environmentally-friendly (and was reversed when entering the data analysis stage). The Cronbach’s α
of this scale was .586, which is not considered to be very internally consistent. Nevertheless, since the
former mentioned item touches upon production consequences and the latter on broader
environmental consequences, this is not considered alarming. Rather, individual scoring of the items
may differ, but they together measure the concept at hand to an extent that one item would not grasp.
Personal values are conceptualized in this study as defined in the theory of basic values by Schwarz
(1992). The three values of interest were measured through the statements corresponding to item 1,
2 and 3 in Table 2, following Lindeman & Verkasalo (2005). The remaining items were included as well
to be able to accurately infer the content of stated importance of values.
Table 2. Measurements of basic human values (Lindeman & Verkasalo, 2005).
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This study has conceptualized social norms to comprise of descriptive and injunctive norms, derived
from Cherchi (2017). With respect to descriptive norms, Cherchi (2017) states that these are typically
measured by incorporating ‘how most people behave in a certain situation’. Therefore, for each
perception, a statement that refers to the wants of people in the respondents’ social group is
presented. In turn, injunctive norms are captured by incorporating the concept of approval and socialsignalling through incorporating the opinion of peers that are inferred from a certain action (Cherchi,
2017). Hence, a statement was provided that touched upon the extent to which respondents would
expect approval from their social group for each perception of interest. A deliberate choice was made
to take an attribute-based (i.e. based on the perceptions present in the framework) instead of a
monolithic approach, as it was assumed that respondents would not be able to build a comprehensive
perception of non-specific social norms. In short, it was assumed that people simply do not know
hydrogen cars sufficiently well to look beyond the attributes of hydrogen cars, let alone social norms
hereof. By including this type of measurement, social norms are made more tangible. The statements
that correspond to the used 10-item scale are depicted in Table 3.
Conspicuousness was measured on a 3-item scale using the following statements (which could be
answered on a 5-point Likert scale ranging from completely disagree to completely agree): ‘I buy and
display products as a symbol of prestige’, ‘I buy and display products to attract attention’ and ‘I buy
and display products to impress other people’. This measure was based on a study that successfully
assessed one’s conspicuousness (Truong et al., 2008). This scale reached a very high Cronbach’s α of
.902 and is therefore considered to be highly internally consistent.
The sociodemographic variables were assessed with single-item measurements. Age was assessed
through the question ‘What is your age?’ accompanied with a numeric text entry bar. Gender was
examined through the question ‘What is your gender?’ with four possible answer categories: ‘male’,
‘female’, ‘other’ and ‘prefer not to say’. Level of education was measured through the question ‘What
is your highest achieved level of education?’. The six categories that participants could choose from,
were: (i) ‘primary education’, (ii) ‘vmbo, havo and vwo junior and mbo level 1’, (iii) ‘havo, vwo and mbo
level 2 to 4’, (iv) ‘hbo- and wo-bachelor’, (v) ‘hbo- and wo-master and doctor’ and (vi) ‘do not
know/prefer not to answer’, as Statistics Netherlands distinguishes (CBS, 2020).
Table 3. Measurements of relevant social norms.

a
b

= Descriptive norm.
= Injunctive norm.
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Knowledge of hydrogen (car) technology was measured through eight true or false statements as Table
4 shows, based on studies executed by Molin (2005) and Zachariah-Wolff & Hemmes (2006).
Familiarity was conceptualized as exposure and experience and measured based on a combination of
existing scales that were slightly transformed (Kang & Park, 2011; Ramea, 2019) as follows:
−

−

Exposure was measured on a 5-point Likert scale, ranging from completely disagree to
completely agree, through the statements ‘Before participating in this study, I…’:
o ‘had heard about the benefits of hydrogen cars’;
o ‘had heard about the risks of hydrogen cars’;
o ‘had learned or studied about mechanisms of hydrogen cars’;
o ‘already knew about hydrogen cars in detail’.
Experience was measured on a 5-point scale (‘never’, ‘once’, ‘a couple of times’, ‘regularly’ and
‘often’) with respect to the question ‘Have you ever driven a hydrogen vehicle or have had any
real-life experience with hydrogen vehicles before?’.

The emphasis of this measurement of familiarity lied on an individual’s exposure rather than
experience. This was a deliberate decision as relatively little respondents were expected to actually
have had any real-life experience with hydrogen. Hence, it was assumed that consumers rely to a
disproportional extent on exposure, which this scale reflects. This scale reached a Cronbach’s α of .772,
which represents a good internal consistency.
The sociological prerequisites for hydrogen car adoption contain five innovation attributes, of which
the corresponding items were measured on 5-point Likert scales ranging from completely disagree to
completely agree. These items were derived from statements developed by Moore & Benbasat (1991)
and reached a total Cronbach’s α of .755, indicating that the internal consistency of the items is good.
The attributes that were used, with corresponding items (and α’s), are:
−

−

−

Relative advantage (α=.718, satisfactory internal consistency):
o Driving a hydrogen car would improve the quality of my car rides;
o Driving a hydrogen car would make driving more fun;
o I consider driving a hydrogen car advantageous over other vehicles.
Compatibility (α=.894, high internal consistency):
o Driving a hydrogen car suits my driving habits;
o I think that driving a hydrogen car fits well with the way I like to drive;
o Driving a hydrogen car fits my lifestyle.
Complexity (α=.691, satisfactory internal consistency):
o A hydrogen car is clear and understandable to use;
o Learning to operate a hydrogen car is easy for me;
o Overall, I believe that a hydrogen car is easy to use.

Table 4. Statements assessing knowledge (Molin, 2005; Zachariah-Wolff & Hemmes, 2006).
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−

−

Trialability (α=.660, satisfactory internal consistency):
o If I wanted to, I could try out a hydrogen car;
o I consider it relatively easy to try out a hydrogen car.
Observability (α=.547, poor internal consistency. This could, however, be due to the fact that
hydrogen cars are not yet deployed to the public on a large scale, thereby resulting in diverging
values for this item. Hence, this low internal consistency is not considered problematic):
o You can spot many hydrogen cars on the road;
o Hydrogen cars look distinctly different compared to conventional cars;
o I can distinguish hydrogen cars from conventional cars.

3.4 Procedure
First and foremost, participants were presented with a survey introduction describing the topic of the
research, the occasion (MSc thesis), the anonymity and confidentiality of the information and that
their participation could be terminated at any time. After that, participants indicating being younger
than sixteen were denied but thanked for participation. Eligible participants were randomly assigned
to one of the seven groups and exposed to the corresponding introductory statements. After that, all
participants were directed to the general part of the survey.
With respect to the measurements, first, the perceptions of the product attributes and contextual
aspects were measured, followed by participants’ knowledge and familiarity. This was done since the
information provided in the statements that measured knowledge and familiarity might influence the
perceptions, which was assumed to be the case to a lesser extent in the proposed order. Subsequently,
attitude towards hydrogen cars and the prerequisites for adoption were measured since these
concepts are also in the realm of hydrogen cars, unlike social norms, conspicuousness and personal
values, which were measured subsequently respectively. This order was applied since activating
personal values might influence social aspects, whereas personal values are considered to be fixed at
a moment in time and therefore not susceptible to prior measurements. The final part of the survey
consisted of the questions on age, gender and level of education. After that, participants were thanked
for their participation and had the opportunity to fill in their mail addresses if they wished to
participate in the raffle for a gift voucher. The conducted survey is shown in Appendix II.

3.5 Data analysis
The data was exported to IBM SPSS Statistics 24 for analysis. In all analyses described in this chapter,
the variables age, gender, level of education, knowledge and familiarity were included as covariates.
P-values smaller than .05 were considered to be statistically significant and p-values ranging from .05
to .10 were considered marginally significant. As Pritschet et al. (2016) state, incorporating marginal
results can be used as a caution against accepting H0 unnecessarily and be viewed as promising
preliminary results. Hence, this concept was applied since this study touches upon a new realm of
research in which marginally significant results may identify associations at play.
First and foremost, the following multi-item scales were computed into single variables that
represented the construct at hand: (i) familiarity, (ii) performance perception, (iii) perception of the
environmental benefits of hydrogen cars, (iv) perception of the environmental consequences of
hydrogen production, (v) conspicuousness, (vi) attitude towards hydrogen cars and (vii) the five
diffusion of innovation components separately. For all of these variables, scores were averaged
according to the number of items. For knowledge, a new variable was computed that corresponded to
the amount of questions that were answered correctly, hence ranging from zero to eight.
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Before running regressions, the following assumptions were tested (Field, 2013): (i) there were no
outliers present in the data (tested through analysing box plots on relevant variables), (ii) the residuals
were normally distributed (tested through analysing Q-Q plots), (iii) homoscedasticity/homogeneity of
variance (tested through Levene’s test in which statistically significant results were considered cause
for concern) and (iv) independent variables should not correlate too highly (tested by means of a
correlation matrix, where correlation coefficients (r) larger than .8 were further examined). If these
assumption were either met or accounted for, the data was considered ready for analysis.
Manipulation checks were executed through analysing outcomes of six separate general linear models
with the manipulations as categorical independent variables and the perceptions of the same variables
as dependent variables. For each executed general linear model, one product attribute or contextual
aspect served as the independent variable and the perception of that same variable was treated as the
dependent variable. Hence, the data of the six experimental groups and the control group was used as
input for each model, where contrasts were made between the high-value group (i.e. one of the six
manipulated groups) and the no-value groups (i.e. the remaining five groups and the control group) of
that particular variable. Hence, contrasts between high- and low-value groups were analysed for each
product attribute and contextual aspect separately to check whether the manipulation turned out to
have had the initiated effect (i.e. creating variance).
To test hypotheses 1 through 9, a multiple linear regression was executed with the six perceptions as
well as personal values, social norms, conspicuousness and the (underlying) interaction variables as
independent variables, and attitude towards hydrogen cars as dependent variable. Before creating
interaction variables, the means were centred for each of these nine variables to enhance
interpretability and to reduce multicollinearity caused by the inclusion of interaction variables. To build
up the model, first and foremost, the main effects were included, which corresponds to the model: ‘Y
= β0 + β1*performance perception + β2*environmental benefits perception + β3*purchasing costs
perception + β4*safety perception + β5*infrastructure perception + β6*environmental consequences
of hydrogen production perception’. This is translated in a more generalizable mathematical model as
depicted in the first row (Main effects) in Table 5. Row 2 (Moderation of personal values and social
norms) in Table 5 represents the moderating effects of personal values (x7) and social norms (x8)
through the inclusion of the underlying main effects as well as the interaction effects. Lastly,
conspicuousness (x9) was accounted for by including the three-way interaction as well as the
underlying main and interaction effects, which is conceptualized by row 3 (Three-way interaction of
conspicuousness) in Table 5. The full model is depicted in the bottom-part of Table 5.
To examine hydrogen car diffusion, a paired difference test was executed in which the average of the
five innovation attributes separately were compared to the mean of all attributes. A significant result
with a positive regression coefficient indicates that the item positively contributes to hydrogen car
adoption and a negative coefficient means that the item contributes negatively.
Table 5. Effect inclusion with corresponding modelling formulas.
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4 Results
This chapter starts with a description of the obtained sample, followed by checking the assumptions
for running regressions. Subsequently, a manipulation check is executed and the hypotheses are tested
by means of statistical analyses. Lastly, the diffusion of hydrogen cars is examined.

4.1 Sample descriptives
The analytic sample (N=201) had a mean age of 29.98 (SD=14.61) and most respondents were
educated on a hbo- or wo-bachelor level (49.75%). Table 6 presents further sample descriptives.
Table 6. Sample descriptives.

a

= n=200 due to one respondent indicating ‘other’ with respect to gender.

4.2 Checking assumptions
Before running the analyses, the assumptions listed by Field (2013) were tested. The first assumption
entails that there are no outliers present in the data. Visual inspection of boxplots on the variables of
interest showed several cases of potential concern. Nevertheless, after inspection of these cases, no
outliers that were in need of removal were found and therefore no data was removed (see Appendix
III for the boxplots with corresponding substantiation with respect to the assessment of extreme
values). Further, Q-Q plots showed no signs of non-normally distributed residuals of the independent
variables (see Appendix IV), thereby meeting the requirements for the second assumption.
The third assumption was met for twelve out of fifteen variables (see Appendix V for outcomes of
Levene’s test for each independent variable). Three variables proved to be statistically significant,
which indicates heterogeneity of variance, and were therefore further examined. Neither of the three
plots have an obvious pattern (as Appendix VI shows) and therefore the violation of this assumption is
not considered alarming. What is more, Field (2013) states that in large samples trivial differences in
groups variances can produce a Levene’s test that is significant. Hence, the fact that three variables
show a significant statistic in Levene’s test, is not to be called alarming as this study consists of a
relatively large sample. Lastly, a correlation matrix was analysed to assess whether independent
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variables correlated too highly, which was not the case since no correlation coefficients larger than .8
appeared (as Appendix VII shows). This means that the last assumption is met and, since no alarming
cases appeared in checking the other assumptions, it is assumed that the regressions can be executed.

4.3 Variance of perceptions check
Respondents were presented varying characteristics to induce variance in the perceptions of the
product attributes and contextual aspects. For three out of the six manipulations, differences in mean
group scores were found to be higher for the variable that was influenced compared to the other
groups (as Table 7 shows). To further test whether these differences in groups are statistically
significant, contrast analyses between the experimental groups were executed with the control group
as reference value. Two of the interventions proved to be successful, whereas the other four did not
result in a significant difference (as Table 8 shows). Nevertheless, since the aim was to induce
differences by presenting varying characteristics, this is not deemed problematic. Instead, the fact that
two interventions have proven to be effective, thereby accounting for variance, is seen as beneficial.
Table 7. Means and standard deviations per experimental group and perception in which bold
indicates scores for related hydrogen car characteristic intervention and perception.

Table 8. Contrasts between high-value groups and the other experimental groups with respect to the
manipulations and perceptions for each product attribute/contextual aspect separately.
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4.4 Main analysis
This chapter presents the variable means, the results of the full model as well as the model main,
second- and third-order effects, and closes with a note on the effects of the included control variables.

4.4.1 Results per variable
The dependent variable, attitude towards hydrogen cars, reached a mean of 37.09 (SD=6.18). Table 9
presents the means with corresponding standard deviations for all the included model variables.
Table 9. Means with corresponding standard deviations for all model variables (numbers presented as
(averaged) 5-point scales, unless stated otherwise).

a

= Measured on the sum of ten (5-point scale) items, hence ranging from 10 to 50.
= Measured on a 9-point scale ranging from -1 (opposed to my values) to 7 (of supreme importance).
c
= Measured on the sum of correct answers on a 9-point true/false scale, ranging from 0 to 8.
b

4.4.2 Testing the full model and main effects
The full model (i.e. the model with main, second- and third-order effects of interest as well as
underlying effects) reached F(41, 158)=4.436 with p=.000 and an R2 of .5351. The partial output of the
multiple linear regression that was run, with respect to the proposed hypotheses, is depicted in Table
10. The outcomes of the full regression model with underling main and second-order effects is
presented in Appendix VIII. An overview of the confirmed and rejected hypotheses on the basis of the
results of the regression, upon which the following sections elaborate, is presented in Table 11.

1

The regression was also run with only main, second- and third-order influences of interest as independent
variables, which resulted in F(22, 177)=4.998 with p=.000 and an R 2 of .383. Hence, since adding the underlying
effects explained over 15% of variance, inferences were made on the basis of the full regression outcomes.
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Table 10. Partial output multiple linear regression of the variables of interest (N=201).
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Table 11. Overview of (non-)supported hypotheses.

a
b

= An indication for the presence of a reversed effect was found.
= Marginally statistical significant result found.

Following literature, hypotheses 1 through 6 proposed a direct effect from the perceptions of the
product attributes and contextual aspects on attitude towards hydrogen cars. Nevertheless, the
influences on attitude towards hydrogen cars by the perception of purchasing costs (p=.787),
infrastructure (p=.103) and the environmental consequences of hydrogen production (p=.343) were
not found to be statistically significant. Hence, hypotheses 3, 5 and 6 are not supported. In contrast,
the influence of the remaining perceptions, performance (p=.002), environmental benefits of
hydrogen cars (p=.000) and safety (p=.010), on attitude towards hydrogen were found to be
statistically significant and hypotheses 1, 2 and 4 are thereby supported.
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4.4.3 Testing second- and third-order effects
Hypothesis 7, consisting of three sub-hypotheses (a/b/c) touched upon the moderating effect of
personal values on attitude towards hydrogen cars. The influence of hedonism values on the
association between performance perception and attitude towards hydrogen cars (hypothesis 7a), is
not supported since a non-significant p-value of .776 was found. The same is true for the supposed
influence of universalism values on the effect of the perception of environmental benefits of hydrogen
cars on attitude towards hydrogen cars (p=.449). Thus, this part of hypothesis 7b is not supported.
Hypothesis 7b also proposed a strengthening influence of universalism values on the relation between
the perception of environmental consequences of hydrogen production and attitude towards
hydrogen cars, which was found to be statistically significant (p=.037). However, a positive regression
coefficient was found (β=0.886), which indicates that the interaction between the perception of the
environmental consequences of hydrogen production and universalism values leads to a more positive
attitude towards hydrogen cars. Hence, hypothesis 7b is not supported since evidence indicates that
the effect is present in the opposite direction. The last hypothesis with respect to the influence of
personal values, hypothesis 7c, which proposed that security values strengthen the association
between safety perception and attitude towards hydrogen cars, is not supported (p=.657).
The influence of social norms is illustrated by means of hypothesis 8 (a/b). Hypothesis 8a proposed a
strengthening effect of social norms and is partly supported since the influence of social norms on the
association between the perception of environmental consequences of hydrogen production and
attitude towards hydrogen cars was found to be statistically significant (p=.022). The remaining
components of hypothesis 8a, the influence of social norms with respect to performance,
environmental benefits of hydrogen cars and safety, are not supported since none of these perceptions
in conjunction with social norms produced statistically significant results with respect to their influence
on attitude towards hydrogen cars (p=.405, p=.180 and p=.134 respectively). In turn, hypothesis 8b
proposed a weakening effect of social norms on the association between purchasing costs and attitude
towards hydrogen cars. A p-value of .086 indicates marginal significance, however, the regression
coefficient became more negative when including social norms (from β=0.160 to β=-1.220). Purchasing
costs were initially proposed to negatively influence attitude towards hydrogen cars, which was
hypothesized to become more positive when including social norms (i.e. social norms were proposed
to have a weakening effect). Although marginally significant, results indicate the opposite, meaning
that adding social norms to purchasing costs perception negatively influences attitude towards
hydrogen cars. Hence, this hypothesis is not supported, but it could insinuate that there is an opposite
association present and therefore this finding is further examined in the discussion.
Findings mainly indicate non-significant influences of conspicuousness on the proposed moderating
effect of social norms on the association between the perceptions and attitude towards hydrogen cars,
as hypothesis 9 proposed. This is true for the influence of conspicuousness on the association between
performance perception and social norms (p=.120), environmental benefits of hydrogen cars
perception and social norms (p=.453) and purchasing costs perception and social norms (p=.229).
However, the influence of conspicuousness on the association between the perception of
environmental consequences of hydrogen production and social norms yielded a marginally significant
p-value of .067. Hence, hypothesis 9 is not supported, but the latter-mentioned association is further
explored in the discussion.

4.4.4 Control variables
Two control variables proved to be statistically significant: level of education (p=.001) and familiarity
with hydrogen cars (p=.024). Statistically insignificant results were found for the remaining three
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control variables age (p=.994), gender (p=.537) and knowledge (p=.702). With respect to the latter
variable, it is, however, noteworthy that several respondents indicated at the end of the survey that
they felt like they had too little knowledge of hydrogen cars to answer the questions properly.

4.5 Examining the state of adoption of hydrogen cars in the Netherlands
The diffusion of hydrogen cars was assessed on the basis of five items. The mean scores of the following
four of the five items lie fairly close together: relative advantage (3.04), compatibility (3.12), complexity
(3.24) and trialability (3.02). Observability, however, scored an ostensibly lower average compared to
the other items (2.27). The paired difference between observability and the mean of all items proved
to be negative (-0.66) and statistically significant (p=.000), as Table 12 shows. This indicates that
respondents considered hydrogen cars hard to spot on the road and distinguish from other cars.
Further, the item means of relative advantage, compatibility and complexity all significantly differed
from the overall mean with a positive paired difference. Hence, these three items seem to contribute
positively to hydrogen cars adoption, with respect to the mean. Lastly, trialability did not show a
significant difference from the overall mean (p=.068), indicating that trialability, with respect to the
other items, is not problematic for, but also does not contribute to, adoption.
Table 12. Means and standard deviations of separate items and outcomes of paired-samples t-tests of
the five items separately with the mean of all items.
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5 Discussion
This chapter starts by answering the research questions, followed by theoretical and practical
implications. Finally, limitations and directions for further research are presented.

5.1 Conclusion
Three technology-driven aspects were found to positively influence attitude towards hydrogen cars
directly, namely the perceptions of performance, environmental benefits of hydrogen cars and safety.
Perceptions of purchasing costs, infrastructure and environmental consequences of hydrogen
production were not found to have a direct influence.
With respect to the moderating influence of personal values, universalism values positively influenced
the association between the perception of environmental consequences of hydrogen production and
attitude. Personal values of hedonism on performance perception, universalism on perception of
environmental benefits of hydrogen cars, and security on safety perception, were not influential.
The moderating effect of social norms was shown to negatively influence the association between the
perception of the environmental consequences of hydrogen production and attitude towards
hydrogen cars. Results also suggest, although marginally significant, that social norms and perception
of purchasing costs negatively influence attitude. Social norms of performance, environmental benefits
of hydrogen cars and safety did not moderate the influence of the perceptions on attitude.
Conspicuousness, as a third-order moderating effect on the influence that social norms have in
conjunction with the environmental consequences of hydrogen production, had a marginally
significant effect on attitude. This effect was not present for performance, environmental benefits of
hydrogen cars and purchasing costs.
The examination of the diffusion of hydrogen cars suggests that the observability of hydrogen cars is
problematic, whereas the relative advantage, the compatibility and the complexity positively
contribute to hydrogen car adoption.

5.2 Implications
The observed positive influence of performance perception on attitude towards hydrogen cars
corroborates to findings of several studies (Ewing & Sarigöllü, 1998; Kang & Park, 2011). This study has,
however, approached performance multidimensionally (i.e. consisting of acceleration, driving range
and refuelling time), which was not done to date. These results suggest that performance is indeed
multidimensional and thus has the potential to enhance attitude towards hydrogen cars and become
a technology driver, provided consumer become aware of the beneficial performance characteristics
(Schulte et al., 2004). Providing hydrogen car experiences, which are found to increase performance
evaluations (Hardman et al., 2015; Martin et al., 2009; Shaheen et al., 2008), could stimulate this.
The perception of the environmental benefits of hydrogen cars were found to positively affect attitude,
aligned with other studies (Hidrue et al., 2011; Kang & Park, 2011; Noblet et al., 2006). This indicates
that consumers are aware of the environmental benefits and partly form evaluations based on this.
Consumers’ attitude can thus be enhanced by increasing the awareness of the environmental benefits.
Purchasing costs were not found to influence consumers’ attitude towards hydrogen cars, in contrast
to findings of studies suggesting this as a major barrier (Hardman et al., 2017; Linzenich et al., 2019).
This implies that consumers have a higher willingness to pay for green, environmentally-beneficial
products (Sellers-Rubio & Nicolau-Gonzalbez, 2016; Tait et al., 2016). It could, however, also imply that
29

people are not aware of the relatively high purchasing costs of hydrogen cars. Alternatively, perhaps
operating costs are more important than purchasing costs, as several studies found a high decision
impact on alternative fuel preferences thereof (Linzenich et al., 2019; Soto et al., 2018).
Safety perception positively influenced attitude, which corroborates to findings of ample other studies
(Al-Amin et al., 2016; Hardman et al., 2017; Zachariah-Wolf & Hemmes, 2006). This means that
enhancing consumers’ safety perception of hydrogen (cars) could lead to a more positive attitude.
Research suggests that this can be done most effectively by focussing on nullifying negatively coloured
information, such as safety concerns originating from the Hindenburg disaster, as this has a much more
negative effect than positively coloured information has a positive effect (Edwards, 2008; Molin, 2005).
Also, most consumers are highly susceptible to new information because of their low familiarity, which
makes it of critical importance in managing safety perceptions (Ricci et al., 2008).
This study found no effect of hydrogen infrastructure perception on attitude towards hydrogen cars,
which contradicts findings of several studies (Hardman et al., 2017; Hardman et al., 2015; O’Garra et
al., 2008). This finding could indicate that consumers generally accept that sustainable products mean
getting less for more (Heffner et al., 2007), meaning that restrictions on behaviour and a diminished
level of convenience are not as important as proposed by Schulte et al. (2004) and Shaheen et al.
(2008). Alternatively, it could mean that consumers have a prospective outlook and recognize that
these type of bottlenecks are cured with increasing diffusion (EAFO, 2019). Also, consumers might be
unaware of the lacking hydrogen infrastructure because they have too little knowledge (Ricci et al.,
2008), which would explain differences compared to other studies, as these are mainly executed
amongst early adopters with infrastructure experience.
The influence of the perception of the environmental consequences of hydrogen production on
attitude was not found, which suggests that consumers do not consider the production chain of
hydrogen when forming an attitude. This is in contrast to several studies suggesting that consumers
often take a systemic approach to environmental consequences (Bellaby et al., 2007; Hardman et al.,
2017; Kester et al., 2019), which could be indicate that consumers simply do not know about hydrogen
production processes. However, it could also be the case that they are aware, but do not find it
problematic. This could be due to a prospective look and thus expect production processes to develop
and become less consequential or because they do not value environmental effects of the production.
The latter is in line with findings of studies indicating that consumers feel like their individual
contribution is too small to affect the environment (Caulfield et al., 2010; Linzenich et al., 2019).
Hedonism values did not influence the association between performance perception and attitude. This
is in contrast to studies that found that driving hedonism (i.e. driving pleasure, excitement and
enjoyment) was of influence on alternative fuel vehicle evaluations (Steg, 2005; Tchetchik, 2020). This
could be explained by this study’s conceptualization of performance, in which acceleration has a clear
hedonic component but driving range and refuelling time do not. An alternative explanation is that
hydrogen cars are not seen as hedonic vehicles. As Moons & De Pelsmacker (2012) suggest, positive
emotions towards car-driving may lead to a dislike, as consumers believe that electric cars provide a
less satisfying driving experience.
Universalism values did not influence the association between the perception of the environmental
benefits of hydrogen cars and attitude, which is not in line with Whitmarsh & O’Neill’s (2010) notion
that a green self-identity is a motivational predictor for eco-friendly behaviour. In contrast, this finding
indicates that the extent to which one is universalistic is irrelevant, a more positive perception of the
environmental benefits generally leads to a more positive attitude. Alternatively, universalism might
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have been conceptualized too narrowly. Conceptualizing universalism in terms of actions taken might
yield different results as well, since two universalistic people might behave radically different.
Surprisingly and opposite to expectations, this study found an indication that universalism values have
a weakening effect on the association between the environmental consequences of hydrogen
production and attitude, albeit marginally significant. This could be an indication that people do not
know about the consequences of hydrogen production, but instead think that the whole systemic
process is environmentally-friendly. It could, however, also indicate that universalism as an internal
value is not as important, whereas the portrayal of values to others might be. Heffner et al. (2007)
found a similar effect: households bought hybrid cars to portray themselves as people caring about
the environment. This study’s findings corroborate to this, as social norms were, in fact, influential.
Security values did not play a moderating role in the constitution of attitude towards hydrogen cars in
conjunction with safety perception, whereas findings within (Klöcker & Matthies, 2009) as well as
outside (Choi et al., 2017) the realm of hydrogen cars did find such influences. One explanation could
be that consumers believe that hydrogen technology would be engineered to be safe (as Ricci et al.
(2008) found). However, it could also be due to the conceptualization of values that relate to a broader
sense of security and are not closely bound enough to actual danger perceptions (e.g. of an explosion).
Social norms did not influence attitude in conjunction with performance perception, which could be
due to associations of green vehicles with reduced performance and comfort (Schulte et al., 2004).
This suggests that hydrogen cars are not seen as high-performance cars. However, once consumers
become aware that hydrogen cars perform well, social norms might be activated and become
influential in the attitude formation. Alternatively, performance might be an attribute that is not
expressed in social norms, whereas other aspects (e.g. wealth) might be, as several studies suggest
(Heffner et al., 2007; Roche et al., 2010).
Social norms with respect to, and in combination with the perception of, the environmental benefits
of hydrogen cars did not influence attitude towards hydrogen cars, even though several studies have
found these norms to be of influence on alternative fuel vehicle evaluations (CNW Marketing Research,
2006; Heffner et al., 2007). Perhaps the notion of Heffner et al. (2007) that hydrogen cars can be used
to spread messages of environmental preservation, as is done by owners of hybrid cars, is not yet true.
Hydrogen cars might not yet be linked to environmental preservation in consumers’ mind. This
potential is present, however, since social norms have been shown to be influential in alternative fuel
vehicle evaluations (Thøgersen & Ebsen, 2019). Additionally, hydrogen cars may be too hard to
differentiate from other cars (as demonstrated by results of the diffusion of hydrogen cars), meaning
that these social norms are not activated. This is problematic since expressions of oneself should be
clearly linked to hydrogen cars for the sake of differentiation (Heffner et al., 2007).
Social norms were found to influence attitude in conjunction with the perception of the environmental
consequences of hydrogen production. This suggests that people care about the environmental
consequences in a social normative way instead of as a moral obligation or internal value (as personal
values were not found to be influential). This is in line with the notion that complying to social
standards gives a sense of belonginess to social groups (Brach et al., 2018; Joshi & Rahman, 2018).
Opposite to expectations, the results suggest, albeit marginally significant, that social norms in
combination with the perception of purchasing costs lead to a less positive attitude towards hydrogen
cars. This is in contrast to a study that found that social norms positively influence willingness to pay
for environmentally-beneficial products (Jones et al., 2009). Although unexpected, this result could be
explained by findings of Sexton & Sexton (2014), which suggest that there are indications for a societal
decrease of materialisation and ostentation, and signs of increasing austerity. This is in line with the
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finding of Heffner et al. (2007) that owners are more prone to sharing symbolic meanings of their
hydrogen cars compared to financial aspects.
Conspicuousness was not important with respect to the influence of performance on attitude through
social norms. Results suggest that either hydrogen cars themselves, or performance aspects, do not
have a social normative value (yet). Consequently, an influence of conspicuousness would be off the
table since it has no social normative value and, therefore, cannot boost one’s social status.
The combination of conspicuousness, social norms and the perception of environmental benefits of
hydrogen cars also did not prove of influence on attitude, which could be due to changing cultural
norms and thereby personal characteristics upon which society confers status (Sexton & Sexton, 2014).
Perhaps environmentalism has become mainstream and embedded in social norms, meaning that
environmentally-beneficial behaviour provides a less clear signal of altruism leading to a declined
provision (Sexton & Sexton, 2014). An alternative explanation is that conspicuous conservation is
merely present in less expensive products. Although studies have identified this influence in alternative
fuel car purchases (Costa et al., 2019; Schaefers, 2014; Tarigan & Bayer, 2012), the difference is that
hydrogen cars are substantially more expensive compared to conventional cars (Offer et al., 2010).
Conspicuousness in conjunction with social norms and the perception of the consequences of
hydrogen production was of marginal influence on attitude, indicating that consumers might actively
display their environmentally-beneficial fuel. This, in contrast to the information presented in the
previous paragraph, suggests that conspicuous conservation is present. In the case of hydrogen,
however, conspicuous consumers would have a more negative attitude because the production of
hydrogen has negative consequences. Nevertheless, this means that conspicuousness could positively
contribute to attitude once it is perceived that the consequences of hydrogen production are nihil,
something that could become reality, and can thus be achieved, due to technological developments.
This study found no effect of conspicuousness with respect to the influence of social norms and the
perception of purchasing costs on attitude, even though several studies have found that displaying
expensive products is the most conspicuous practice (Tereyağoğlu & Veeraraghavan, 2012; Wang &
Griskevicius, 2014). This study’s finding is in line with the reasoning that social norms with respect to
purchasing prices may have changed, as previously discussed in this chapter.

5.3 Limitations and directions for further research
With respect to the generalizability, several aspects of this sample’s demographics should be kept in
mind. First, respondents were relatively highly-educated as nearly half of the respondents were in
category 4, whereas the Dutch average is category 3 (CBS, 2020). Since the level of education was
found to positively influence attitude in this study, this may have resulted in more positive attitude
compared to when the average Dutch consumer is assessed. Second, respondents were relatively
young in comparison to the Dutch average (30 versus 42 years (CBS, 2019)). Even though this study
found no influence of age, ample studies suggest that increasing age leads to less positive evaluations
of alternative fuel vehicles (Hardman & Tal, 2018; Plötz et al., 2014) and innovations (Viardot, 2004).
Hence, this could have distorted findings as well. Third, since the sample consisted of relatively few
males (37.81%), who are generally more enthusiastic towards hydrogen cars (which was not found in
this study), this may have resulted in slightly negatively tilted results with respect to attitude. All in all,
it is expected that this sample’s attitude was overly positive for the following reasons. First, although
the majority was female, the notion that males have a more positive attitude could easily be
confounded by level of education, which used to be lower for females. Second, the relatively high
mean age and level of education contribute to a more positive attitude as well. Hence, in order to
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obtain a representative view of consumers’ attitude, future research should obtain a sample with
superior real-world resemblance.
Even though it was a deliberate choice not to incorporate specific excluding criteria (to gain insight
into all consumers), consumers might not have been ready yet for such an assessment. Indications for
this stem from several respondents who indicated feeling like they were not knowledgeable enough
to answer certain questions. Perhaps many respondents had this experience, which could have
resulted in distorted findings. Future research should therefore either focus on people with relatively
much knowledge or provide ‘regular’ consumers with more information before obtaining data.
Several variables were measured through single-item measurements (that were self-developed), in
order to keep the survey compact and keep the attention of the respondents. This could have had an
influence on the findings since the measurements might have been more reliable if alternative items
were used. Although no indications were found that the items used in this research lacked content
validity, future research could look into the convergent validity of more elaborate scales in comparison
to the scales used in this study. Consequently, subsequent studies can and should incorporate
measurements that grasp the variables fully, with respect to the number of items needed as well as
the content validity of the used items.
More variance in predictor variables could also have been induced by more effective ‘manipulations’,
as four out of six drivers of variance incorporated in this study’s design proved statistically ineffective.
Therefore, future research should look into manipulations that account for sufficient variance in
perceptions included as model variables, perhaps through the use of high- and low-values instead of
high- and no-values, since this allows all respondents to create a reference value for all variables.
In spite of these limitations, this study contributes to literature by having identified predictors of
attitude towards hydrogen cars that were scattered across literature and quantitatively assessed the
relevance of these variables, thereby corroborating to, or contradicting, findings of other studies.
Second, by examining the moderating effect of personal values, social norms and conspicuousness,
this study has taken the first step in identifying aspects relevant to the formation of hydrogen car
attitude that go beyond technology-driven aspects. Hence, the small number of significant findings are
seen as an indication that real-world effects simply lie somehow differently, rather than results of little
value, since this realm of research is only just reaching the stage where more in-depth research can be
done about consumer preferences. In short, this study has opened up pathways to more consumerbased research into the adoption of hydrogen cars. If more knowledge is gained, a higher hydrogen
car adoption rate can be realized along with many environmental goals that are aligned with the
benefits of hydrogen cars.
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Appendix I: Presented introductory statements per group
Control group:
Hydrogen cars are seen as a promising alternative to fossil-fuelled cars, mainly due to the fact that they
run on electricity (which is stored in the car’s fuel tank in the form of hydrogen) instead of depleting
fossil fuels (for example gasoline and diesel). Several car manufacturers have recently introduced or are
soon introducing hydrogen cars for the commercial market.
High-value performance group:
Hydrogen cars are seen as a promising alternative to fossil-fuelled cars, mainly due to the fact that they
run on electricity (which is stored in the car’s fuel tank in the form of hydrogen) instead of depleting
fossil fuels (for example gasoline and diesel). Several car manufacturers have recently introduced or are
soon introducing hydrogen cars for the commercial market.
Compared to fossil-fuelled cars, hydrogen cars accelerate on average 25% faster, have a similar driving
range (500 kilometres) and take equally long to refuel (about two minutes).
High-value environmental benefits of hydrogen cars group:
Hydrogen cars are seen as a promising alternative to fossil-fuelled cars, mainly due to the fact that they
run on electricity (which is stored in the car’s fuel tank in the form of hydrogen) instead of depleting
fossil fuels (for example gasoline and diesel). Several car manufacturers have recently introduced or are
soon introducing hydrogen cars for the commercial market.
Hydrogen cars are on average 90% more environmentally-friendly compared to fossil-fuelled cars.
High value purchasing costs group:
Hydrogen cars are seen as a promising alternative to fossil-fuelled cars, mainly due to the fact that they
run on electricity (which is stored in the car’s fuel tank in the form of hydrogen) instead of depleting
fossil fuels (for example gasoline and diesel). Several car manufacturers have recently introduced or are
soon introducing hydrogen cars for the commercial market.
Hydrogen cars are on average 150% (1,5 times) more expensive compared to fossil-fuelled cars.
High-value safety group:
Hydrogen cars are seen as a promising alternative to fossil-fuelled cars, mainly due to the fact that they
run on electricity (which is stored in the car’s fuel tank in the form of hydrogen) instead of depleting
fossil fuels (for example gasoline and diesel). Several car manufacturers have recently introduced or are
soon introducing hydrogen cars for the commercial market.
Current hydrogen car technology is as safe as fossil-fuelled car technology, scientific research confirms.
High-value hydrogen infrastructure group:
Hydrogen cars are seen as a promising alternative to fossil-fuelled cars, mainly due to the fact that they
run on electricity (which is stored in the car’s fuel tank in the form of hydrogen) instead of depleting
fossil fuels (for example gasoline and diesel). Several car manufacturers have recently introduced or are
soon introducing hydrogen cars for the commercial market.
Compared to fossil fuel stations, the amount of existing hydrogen fuel stations is 50% (half).
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High-value environmental consequences of hydrogen production group:
Hydrogen cars are seen as a promising alternative to fossil-fuelled cars, mainly due to the fact that they
run on electricity (which is stored in the car’s fuel tank in the form of hydrogen) instead of depleting
fossil fuels (for example gasoline and diesel). Several car manufacturers have recently introduced or are
soon introducing hydrogen cars for the commercial market.
Currently, hydrogen is mainly generated through fossil-fuelled processes. Also, the conversion rate of
fuelling energy into hydrogen (the process of making the hydrogen suitable as a fuel) accounts for a
significant loss of energy. Thus, hydrogen does in fact have environmental consequences and accounts
for energy loss.
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Appendix II: The conducted survey
Start of Block 1: Introduction
Allereerst, enorm bedankt voor het meedoen aan dit onderzoek. U helpt mij hierbij om mijn Master
thesis aan de Wageningen Universiteit te behalen, waarbij dit mijn laatste horde tot het behalen van
mijn diploma is.
Deze vragenlijst gaat over de acceptatie van waterstofauto's en het invullen ervan zal ongeveer tien
minuten van uw tijd in beslag nemen.
Er zijn geen goede of foute antwoorden, het enige dat ik van u vraag is dat u de enquête zo eerlijk
mogelijk invult. Mochten er lastige vragen bijzitten waar u misschien geen antwoord op heeft, vul
dan simpelweg het antwoord in waar u zich het beste in kunt vinden.
U, als participant, en uw gegevens blijven geheel anoniem en er zijn geen risico's verbonden aan het
invullen van deze vragenlijst. Daarnaast kunt u op ieder moment beslissen om de enquête te
beëindigen.
Mocht u vragen hebben dan kunt u mij (Tim Stubbe) bereiken via het mailadres tim.stubbe@wur.nl.
Door op 'mee eens' te klikken, geeft u aan dat u bovenstaande heeft gelezen en hiermee instemt.

o Niet mee eens (1) → if chosen, respondents were automatically directed to Block 17.
o Mee eens (2)
End of Block 1: Introduction
Start of Block 2: Eligibility criterion: age
Q0 Bent u 16 jaar of ouder?

o Ja (1) → if chosen, respondents were randomly allocated to one of the experimental groups
(i.e. directed to either Block 3, 4, 5, 6, 7, 8 or 9).

o Nee (2) → if chosen, respondents were automatically directed to Block 17.
End of Block 2: Eligibility criterion: age
Start of Block 3: Introductory statement control group
Lees alstublieft onderstaande tekst over waterstofauto's:
Waterstofauto's worden gezien als een veelbelovend alternatief voor brandstofaangedreven auto's,
vooral doordat deze auto's op elektriciteit rijden (dat wordt opgeslagen in de tank van de auto in de
vorm van waterstof), in plaats van fossiele brandstoffen die uitgeput worden (bijvoorbeeld benzine
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en diesel). Verschillende autofabrikanten hebben recentelijk waterstofauto's geïntroduceerd voor de
commerciële markt of introduceren deze in de nabije toekomst.
End of Block 3: Introductory statement control group
Start of Block 4: Introductory statement high-value performance group
Lees alstublieft onderstaande tekst over waterstofauto's:
Waterstofauto's worden gezien als een veelbelovend alternatief voor brandstofaangedreven auto's,
vooral doordat deze auto's op elektriciteit rijden (dat wordt opgeslagen in de tank van de auto in de
vorm van waterstof), in plaats van fossiele brandstoffen die uitgeput worden (bijvoorbeeld benzine
en diesel). Verschillende autofabrikanten hebben recentelijk waterstofauto's geïntroduceerd voor de
commerciële markt of introduceren deze in de nabije toekomst.
Vergeleken met auto's die op fossiele brandstoffen rijden (bijvoorbeeld benzine en diesel),
accelereren waterstofauto's 25% sneller, hebben een vergelijkbaar rijbereik (circa 500 kilometer op
een tank) en duurt het even lang om te tanken (circa twee minuten).
End of Block 4: Introductory statement high-value performance group
Start of Block 5: Introductory statement high-value environmental benefits of hydrogen cars group
Lees alstublieft onderstaande tekst over waterstofauto's:
Waterstofauto's worden gezien als een veelbelovend alternatief voor brandstofaangedreven auto's,
vooral doordat deze auto's op elektriciteit rijden (dat wordt opgeslagen in de tank van de auto in de
vorm van waterstof), in plaats van fossiele brandstoffen die uitgeput worden (bijvoorbeeld benzine
en diesel). Verschillende autofabrikanten hebben recentelijk waterstofauto's geïntroduceerd voor de
commerciële markt of introduceren deze in de nabije toekomst.
Waterstofauto's zijn gemiddeld 90% milieuvriendelijker dan auto's die op fossiele brandstoffen
(bijvoorbeeld benzine en diesel) rijden.
End of Block 5: Introductory statement high-value environmental benefits of hydrogen cars group
Start of Block 6: Introductory statement high-value purchasing costs group
Lees alstublieft onderstaande tekst over waterstofauto's:
Waterstofauto's worden gezien als een veelbelovend alternatief voor brandstofaangedreven auto's,
vooral doordat deze auto's op elektriciteit rijden (dat wordt opgeslagen in de tank van de auto in de
vorm van waterstof), in plaats van fossiele brandstoffen die uitgeput worden (bijvoorbeeld benzine
en diesel). Verschillende autofabrikanten hebben recentelijk waterstofauto's geïntroduceerd voor de
commerciële markt of introduceren deze in de nabije toekomst.
Waterstofauto's zijn gemiddeld 150% (anderhalf keer) duurder in vergelijking met auto's die op
fossiele brandstoffen (bijvoorbeeld benzine en diesel) rijden.
End of Block 6: Introductory statement high-value purchasing costs group
Start of Block 7: Introductory statement high-value safety group
Lees alstublieft onderstaande tekst over waterstofauto's:
Waterstofauto's worden gezien als een veelbelovend alternatief voor brandstofaangedreven auto's,
vooral doordat deze auto's op elektriciteit rijden (dat wordt opgeslagen in de tank van de auto in de
vorm van waterstof), in plaats van fossiele brandstoffen die uitgeput worden (bijvoorbeeld benzine
en diesel). Verschillende autofabrikanten hebben recentelijk waterstofauto's geïntroduceerd voor de
commerciële markt of introduceren deze in de nabije toekomst.
47

Onderzoek toont aan dat de technologie die wordt gebruikt in waterstofauto's is even veilig als die
van auto's die op fossiele brandstoffen (bijvoorbeeld benzine en diesel) rijden.
End of Block 7: Introductory statement high-value safety group
Start of Block 8: Introductory statement high-value infrastructure group
Lees alstublieft onderstaande tekst over waterstofauto's:
Waterstofauto's worden gezien als een veelbelovend alternatief voor brandstofaangedreven auto's,
vooral doordat deze auto's op elektriciteit rijden (dat wordt opgeslagen in de tank van de auto in de
vorm van waterstof), in plaats van fossiele brandstoffen die uitgeput worden (bijvoorbeeld benzine
en diesel). Verschillende autofabrikanten hebben recentelijk waterstofauto's geïntroduceerd voor de
commerciële markt of introduceren deze in de nabije toekomst.
In vergelijking met het aantal tankstations waar fossiele brandstoffen (bijvoorbeeld benzine en
diesel) getankt kunnen worden, is het aantal tankstations waar waterstof getankt kan worden 50%
(de helft).
End of Block 8: Introductory statement high-value infrastructure group
Start of Block 9: Introductory statement high-value env. consequences of hydrogen production
group
Lees alstublieft onderstaande tekst over waterstofauto's:
Waterstofauto's worden gezien als een veelbelovend alternatief voor brandstofaangedreven auto's,
vooral doordat deze auto's op elektriciteit rijden (dat wordt opgeslagen in de tank van de auto in de
vorm van waterstof), in plaats van fossiele brandstoffen die uitgeput worden (bijvoorbeeld benzine
en diesel). Verschillende autofabrikanten hebben recentelijk waterstofauto's geïntroduceerd voor de
commerciële markt of introduceren deze in de nabije toekomst.
Op het moment wordt waterstof voornamelijk geproduceerd door middel van processen die door
fossiele brandstoffen (bijvoorbeeld benzine en diesel) worden aangedreven. Daarnaast heeft het
laden van waterstof met elektriciteit (het proces dat waterstof geschikt maakt als brandstof) een laag
conversieratio, wat tot flink energieverlies leidt. Waterstofauto's hebben dus wel degelijk
consequenties voor het milieu en dragen bij aan energieverlies.
End of Block 9: Introductory statement high-value env. consequences of hydrogen production
group
Start of Block 10: Perceptions of product attributes and contextual aspects
De volgende vragen/statements gaan over verschillende aspecten van waterstofauto's en uw
mening/beeld hieromtrent.
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Q1 In vergelijking met auto's die op fossiele brandstoffen (bijvoorbeeld benzine en diesel) rijden, hoe
scoren waterstofauto's in uw beleving op de volgende aspecten:
Veel slechter
(1)
Q1a Acceleratie
(1)

Slechter (2)

Niet
slechter/niet
beter (3)

Beter (4)

Veel beter (5)

o
o

o
o

o
o

o
o

o
o

Q1c Benodigde
tijd om te
tanken (3)

o

o

o

o

o

Q1d Prestatie in
het algemeen
(4)

o

o

o

o

o

Q1b Rijbereik
(2)

Q2 Scoor hoe waterstofauto's volgens u bijdragen aan de volgende aspecten in vergelijking met
auto's die op fossiele brandstoffen (bijvoorbeeld benzine en diesel) rijden:
Veel slechter
(1)
Q2a
Luchtkwaliteit
(1)
Q2b Het klimaat
(2)
Q2c Het milieu
(3)

Slechter (2)

Niet
slechter/niet
beter (3)

Beter (4)

Veel beter (5)

o

o

o

o

o

o
o

o
o

o
o

o
o

o
o

Page Break
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Q3 Wat betreft aanschafprijs vind ik waterstofauto's:

o Goedkoop (1)
o Betaalbaar (2)
o Best duur (3)
o Heel duur (4)
o Ongelooflijk duur (5)
Q4 In vergelijking met auto's die op fossiele brandstoffen (bijvoorbeeld benzine en diesel) rijden, hoe
veilig vindt u waterstofauto's?

o Veel minder veilig (1)
o Minder veilig (2)
o Ongeveer even veilig (3)
o Veiliger (4)
o Veel veiliger (5)
Q5 Ik denk dat het aantal tankstations waar waterstof getankt kan worden voldoende is.

o Helemaal mee oneens (1)
o Mee oneens (2)
o Niet mee eens/niet mee oneens (3)
o Mee eens (4)
o Helemaal mee eens (5)
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Q6 Het gebruik van waterstof als brandstof voor auto's kan consequenties voor het milieu met zich
meebrengen door de manier waarop het geproduceerd wordt.

o Helemaal mee oneens (1)
o Mee oneens (2)
o Niet mee eens/niet mee oneens (3)
o Mee eens (4)
o Helemaal mee eens (5)
Q7 In vergelijking met fossiele brandstoffen (bijvoorbeeld benzine en diesel), is waterstof:

o Veel slechter voor het milieu (1)
o Slechter voor het milieu (2)
o Niet slechter/niet beter voor het milieu (3)
o Beter voor het milieu (4)
o Veel beter voor het milieu (5)
End of Block 10: Perceptions of product attributes and contextual aspects
Start of Block 11: Knowledge and familiarity
Q7 De volgende statements testen uw kennis over waterstof(auto's):
Waar (1)
Q7a Waterstof is een brandstof.
(1)
Q7b Waterstof is lichter dan lucht
op kamertemperatuur. (2)
Q7c Waterstof is vloeibaar op
kamertemperatuur. (3)

o
o
o

Niet waar (2)

o
o
o
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Q7d Waterstoftechnologie is
toegepast in zeppelins. (4)

o
o
o

o
o
o

Q7g De uitstoot van
waterstofauto's is alleen
koolstofdioxide (CO2). (7)

o

o

Q7h De uitstoot van
waterstofauto's is alleen water. (8)

o

o

Q7e Waterstoftechnologie is
toegepast in vliegtuigen. (5)
Q7f Waterstoftechnologie is
toegepast in bussen. (6)

Page Break
Q8 De volgende statements gaan over uw aanrakingen/ervaringen met waterstofauto's.
Voordat ik deelnam aan deze vragenlijst...

Helemaal mee
oneens (1)

Mee oneens
(2)

Niet mee
eens/niet mee
oneens (3)

Mee eens (4)

Helemaal mee
eens (5)

Q8a ...had ik al
gehoord over de
voordelen van
waterstofauto's. (1)

o

o

o

o

o

Q8b ...had ik al
gehoord over de
risico's van
waterstofauto's. (2)

o

o

o

o

o

Q8c ...had ik al
geleerd over
waterstoftechnologie
of het bestudeerd.
(3)

o

o

o

o

o

Q8d ...wist ik al in
detail over
waterstofauto's. (4)

o

o

o

o

o

52

Q9 Heeft u al eens in een waterstofauto gereden of een echte ervaring gehad met een
waterstofvoertuig?

o Nog nooit (1)
o Eén keer (2)
o Een paar keer (3)
o Regelmatig (4)
o Vaak (5)
End of Block 11: Knowledge and familiarity
Start of Block 12: Attitude towards hydrogen cars
De volgende vragen gaan over uw mening met betrekking tot waterstofauto's.
Q10 Vul in in hoeverre u het eens bent met de volgende statements:

Helemaal niet
mee eens (1)

Niet mee eens
(2)

Niet mee
eens/niet mee
oneens (3)

Mee eens (4)

Helemaal
mee eens (5)

Q10a
Investeringen in
waterstofauto's
zijn goed. (1)

o

o

o

o

o

Q10b De
introductie van
waterstofauto's
is goed voor het
milieu. (2)

o

o

o

o

o

Q10c Stap zo
snel mogelijk
over op
waterstofauto's.
(3)

o

o

o

o

o
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Q11 Mijn mening over waterstofauto's kan het beste omschreven worden als:
1 (1)
Q11a

Slecht

Q11b

Vind ik niet
leuk

Q11c

Niet mooi

Q11d

Dom

Q11e

Waardeloos

Q11f

Niet passend

Q11g

Niet
betrouwbaar

2 (2)

o
o
o
o
o
o
o

o
o
o
o
o
o
o

3 (3)

4 (4)

o
o
o
o
o
o
o

5 (5)

o
o
o
o
o
o
o

o
o
o
o
o
o
o

Goed

Vind ik leuk

Mooi

Slim

Waardevol

Passend

Betrouwbaar

End of Block 12: Attitude towards hydrogen cars
Start of Block 13: Prerequisites for adoption
Q12 Geef aan in hoeverre u het eens bent, of denkt eens te zijn met, de volgende statements:
Helemaal mee
oneens (1)

Mee oneens
(2)

Niet mee
eens/niet mee
oneens (3)

Mee eens (4)

Helemaal mee
eens (5)

Q12a Het rijden
van een
waterstofauto
verhoogt de
kwaliteit van
mijn autoritten.
(1)

o

o

o

o

o

Q12b Het rijden
van een
waterstofauto
maakt autorijden
leuker. (2)

o

o

o

o

o
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Q12c Ik zie het
rijden van een
waterstofauto
als gunstiger
dan andere
auto's. (3)

o

o

o

o

o

Q12d Het rijden
van een
waterstofauto
past bij mijn
gebruiken. (4)

o

o

o

o

o

Q12e Het rijden
van een
waterstofauto
past goed bij de
manier waarop
ik autorijd. (5)

o

o

o

o

o

Q12f Het rijden
van een
waterstofauto
past bij mijn
levensstijl. (6)

o

o

o

o

o

Q12g Een
waterstofauto is
duidelijk en
begrijpbaar in
gebruik. (7)

o

o

o

o

o

Q12h Leren een
waterstofauto
te besturen is
makkelijk voor
mij. (8)

o

o

o

o

o

Q12i
Waterstofauto's
zijn makkelijk in
gebruik. (9)

o

o

o

o

o

Q12j Als ik het
zou willen, zou
ik een
waterstofauto
kunnen
uitproberen.
(10)

o

o

o

o

o

Q12k Ik denk
dat het
makkelijk is om
een
waterstofauto
uit te proberen.
(11)

o

o

o

o

o
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Q12l Je ziet veel
waterstofauto's
op de weg. (12)

o

o

o

o

o

Q12m
Waterstofauto's
zien er anders
uit dan andere
auto's. (13)

o

o

o

o

o

Q12n Ik kan
waterstofauto's
onderscheiden
van andere
auto's. (14)

o

o

o

o

o

End of Block 13: Prerequisites for adoption
Start of Block 14: Personal values, social norms and conspicuousness
De volgende vragen gaan over specifieke waarden die u (niet) belangrijk vindt op sociaal gebied.
Q13 Mensen binnen mijn sociale groep (familie, vrienden, collega's, enzovoort)...
Helemaal mee
oneens (1)

Mee oneens
(2)

Niet mee
eens/niet mee
oneens (3)

Mee eens (4)

Helemaal mee
eens (5)

Q13a ...willen
een auto die
goed presteert.
(1)

o

o

o

o

o

Q13b ...zouden
goedkeuring
geven aan een
goed
presterende
auto. (2)

o

o

o

o

o
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Q13c ...willen een
milieuvriendelijke
auto. (3)

o

o

o

o

o

Q13d ...zouden
goedkeuring geven
aan een
milieuvriendelijke
auto. (4)

o

o

o

o

o

Q13e...willen een
dure auto. (5)

o

o

o

o

o

Q13f ...zouden
goedkeuring geven
aan een dure auto.
(6)

o

o

o

o

o

Q13g ...willen een
veilige auto. (7)

o

o

o

o

o

Q13h ...zouden
goedkeuring geven
aan een veilige auto.
(8)

o

o

o

o

o

Q13i ...willen een
mileuvriendelijkere
brandstof. (9)

o

o

o

o

o

Q13j ...zouden
goedkeuring geven
aan een
milieuvriendelijke
brandstof. (10)

o

o

o

o

o

Page Break
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Q14 De volgende drie statements gaan over aankoopgedrag in het algemeen (bijvoorbeeld auto's,
maar ook kleren, sieraden, enzovoort). Geef aan in hoeverre u het eens bent met de volgende
statements:
Helemaal mee
oneens (1)

Mee oneens
(2)

Niet mee
eens/niet mee
oneens (3)

Mee eens (4)

Helemaal mee
eens (5)

Q14a Ik koop
producten en
toon deze als
een
prestigesymbool.
(1)

o

o

o

o

o

Q14b Ik koop
producten en
toon deze om
aandacht te
krijgen. (2)

o

o

o

o

o

Q14c Ik koop
producten en
toon deze om
indruk te maken
op anderen. (3)

o

o

o

o

o

Page Break
De volgende statements gaan over specifieke waarden die u (niet) belangrijk vindt op persoonlijk
gebied.
Q15 Geef van de volgende begrippen aan hoe belangrijk deze zijn als leidraad in uw leven:
-1:
Tegengesteld
aan mijn
principes (1)
Q15a Macht
(dat wil zeggen:
sociale macht,
autoriteit en
rijkdom) (1)

o

0: Niet
belangrijk
(2)

o

1
(3)

2 (4)

3:
Belangrijk
(5)

o o o

4 (6)

5 (7)

6 (8)

7: Van
het
grootste
belang
(9)

o o o o

58

Q15b Prestatie
(dat wil zeggen:
succes,
bekwaamheid,
ambitie en
invloed op
mensen en
gebeurtenissen)
(2)

o

o o o o o o o o

Q15c
Hedonisme/genie
ten (dat wil
zeggen:
bevrediging van
wensen, plezier
in het leven,
genieten en jezelf
verwennen) (3)

o

o o o o o o o o

Q15d Stimulatie
(dat wil zeggen:
durf, een
afwisselend en
uitdagend leven
en een
opwindend
leven) (4)

o

o o o o o o o o

Q15e Zelfbepaling/zelfstan
digheid (dat wil
zeggen:
creativiteit,
vrijheid,
nieuwsgierigheid,
onafhankelijkhei
d en je eigen
doelen kiezen)
(5)

o

o o o o o o o o

Q15f
Universalisme
(dat wil zeggen:
ruimdenkendhei
d, schoonheid
van natuur en
kunst, sociale
rechtvaardigheid,
wereldvrede,
gelijkheid,
wijsheid, een met
de natuur en
milieubeschermi
ng) (6)

o

o o o o o o o o
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Q15g
Hulpvaardigheid
(dat wil zeggen:
hulpvaardig,
eerlijk,
vergevingsgezind
heid, loyaliteit en
verantwoordelijk
heid) (7)

o

o o o o o o o o

Q15h Traditie
(dat wil zeggen:
respect voor
traditie,
nederigheid, je
deel van het
leven
accepteren,
toewijding en
bescheidenheid)
(8)

o

o o o o o o o o

Q15i
Conformisme
(dat wil zeggen:
gehoorzaamheid,
respect voor
ouders en
ouderen,
zelfdiscipline en
beleefdheid) (9)

o

o o o o o o o o

Q15j
Zekerheid/veiligh
eid (dat wil
zeggen: nationale
veiligheid,
zekerheid voor
het gezin, sociale
orde, netheid en
wederdiensten
bewijzen) (10)

o

o o o o o o o o

End of Block 14: Personal values, social norms and conspicuousness
Start of Block 15: Sociodemographic characteristics
Q16 Wat is uw leeftijd?
________________________________________________________________
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Q17 Wat is uw geslacht?

o Man (1)
o Vrouw (2)
o Anders (3)
o Zeg ik liever niet (4)
Q18 Wat is uw hoogst behaalde opleiding?

o Basisonderwijs (1)
o Vmbo / havo- of vwo-onderbouw / mbo1 (2)
o Havo / vwo / mbo2 / mbo3 / mbo4 (3)
o Hbo- of wo-bachelor (4)
o Hbo- of wo-master / doctor (5)
o Weet ik niet / zeg ik liever niet (6)
End of Block 15: Sociodemographic characteristics
Start of Block 16: Thanking for participation and chance to win €10,Als u nog opmerkingen hebt, schrijf deze dan hieronder. Zo niet, scroll dan door naar onderen.
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
Dit was het einde van de vragenlijst. Ik wil u nogmaals enorm bedanken voor het meehelpen aan
mijn onderzoek!
Vul hieronder uw mailadres in om kans te maken op één van de vijf Bol.com waardebonnen van €
10,-. De winnaars zullen na afronding van het onderzoek bekend worden gemaakt.
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Druk vervolgens, of als niet wenst deel te nemen aan de verloting, op het pijltje om uw deelneming
te voltooien.
End of Block 16: Thanking for participation and chance to win €10,→ End of survey.
Start of Block 17: Not eligible
Op basis van voorgaande vraag komt u helaas niet in aanmerking om deel te nemen aan dit
onderzoek. Desalniettemin wil ik u, nogmaals, hartelijk bedanken voor uw deelname.
Voltooi uw deelname door op het onderstaande pijltje te klikken.
End of Block 17: Not eligible
→ End of survey.
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Appendix III: Boxplots testing for outliers

Performance
perception

Env. benefits
of H2 cars
perception

Knowledge

Familiarity

df

Attitude
towards H2
cars
Extreme values present in the boxplots:
−

Performance perception:
− Respondent 1: a score of twenty indicates that all the Likert scales regarding performance
were scored maximally (i.e. five). However, this particular case was not deemed an outlier
as the high performance perception matched the other perceptions (and attitude) in terms
of positivity towards hydrogen cars.
− Respondent 198: a score of five indicated that all Likert scales regarding performance were
scored minimally (i.e. one). Although this particular score did not match the respondent’s
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−

−
−

−

scores on other perceptions, it was not deemed an outlier since it was assumed that this
respondent might simply perceive hydrogen performance inferior to fossil-fuelled cars.
Environmental benefits of hydrogen cars perception:
− Respondent 89 and 172: these respondents’ scores only lie one scoring point from the
lower-bound of the boxplot and are therefore not considered outliers.
− Respondent 110: this respondent scored the perception of environmental benefits of
hydrogen cars three ones. Nevertheless, the data was not excluded from the dataset as
examining this respondent did not indicate any further anomalies with respect to scoring.
Therefore, it is assumed that this respondent is simply sceptical of the environmental
benefits that hydrogen cars possess.
Knowledge: no extreme values present.
Familiarity:
− Respondent 32: this respondent scored familiarity 22 out of 25 points. Nevertheless, the
data was not excluded from the dataset as examining this respondent did not indicate any
further anomalies with respect to scoring.
− Respondent 83: this respondent scored familiarity maximally (i.e. five) on all five items.
However, this extreme value is not considered an outlier as this respondent left a
comment at the end of the survey in which it was stated that he owned a hydrogen car.
− Respondent 193 and 199: these respondents’ scores only lie one scoring point from the
upper-bound of the boxplot and are therefore not considered outliers.
Attitude towards hydrogen cars:
− Respondent 89: this particular case was not deemed an outlier as the low score with
respect to attitude towards hydrogen cars matched low scores in the perceptions.
− Respondent 60: although this respondent indicated an extremely negative attitude
towards hydrogen cars, it was not considered an outlier as it matched the data with
respect to other variables (i.e. perceptions).
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Appendix IV: Q-Q plots testing normal distribution of residuals

Performance
perception

Env. benefits
of H2 cars
perception

Costs
perception

Safety
perception

Infrastructure
perception

Env. conseq.
of H2 prod.
perception
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Personal value:
hedonism

Personal value:
universalism

Personal value:
security

Social norm:
performance

Social norm:
env. benefits of
H2 cars

Social norm:
costs
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Social norm:
safety

Social norm:
env. conseq. of
H2 production

Conspicuousness
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Appendix V: Homogeneity of variance tests
Variable
Perceptions
Performance
Environmental benefits of H2 cars
Costs
Safety
Infrastructure
Environmental consequences of H2 production
Personal values
Hedonism
Universalism
Security
Social norms
Performance
Environmental benefits of H2 cars
Costs
Safety
Environmental consequences of H2 production
Conspicuousness

F

df1

df2

Sig.

4.417
0.695
0.062
1.082
0.719
0.743

10
9
3
4
4
8

190
191
197
196
196
192

.000
.713
.980
.366
.580
.653

0.849
0.464
1.444

7
7
7

193
193
193

.548
.860
.190

0.858
2.186
1.436
0.831
1.967
2.265

7
8
8
6
7
12

193
192
192
194
193
188

.541
.030
.184
.548
.061
.011
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Appendix VI: Scatter plots testing homogeneity of variance

Performance

Social norm:
env. conseq. of
H2 production

Conspicuousness
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Appendix VII: Correlation matrix testing multicollinearity

Table. Correlation coefficients (Pearson correlation coefficient and N=201, unless stated otherwise).

a = centred variable.
= Spearman correlation.
= n=200.
b

c
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Appendix VIII: Full regression table

Constant
Perceptions
Performance
Env. benefits of H2 cars
Costs
Safety
Infrastructure
Env. conseq. of H2 prod.
Two-way interactions
Performance perception*
Hedonistic values
Env. benefits of H2 cars
perception*Universalism
values
Safety perception*Security
values
Env. conseq. of H2 prod.*
Universalism values
Performance perception*
Performance social norms
Env. benefits of H2 cars
perception*Env. benefits of
H2 cars social norms
Purchasing costs perception*
Purchasing costs social
norms
Safety perception*Safety social
norms
Env. conseq. of H2 prod.
perception*Env. conseq. of
H2 prod. social norms
Three-way interactions
Performance perception*
Performance social norms*
Conspicuousness
Env. benefits of H2 cars
perception*Env. benefits of
H2 cars social norms*
Conspicuousness
Purchasing costs perception*
Purchasing costs social
norms*Conspicuousness
Env. conseq. of H2 prod.
perception*Env. conseq. of
H2 prod. social norms*
Conspicuousness

β
31.267

SE
2.245

t
13.926

p
.000

2.524
2.827
0.160
1.548
-0.814
-0.713

0.787
0.745
0.592
0.595
0.496
0.749

3.205
3.793
0.270
2.602
-1.640
-0.951

.002
.000
.787
.010
.103
.343

-0.139

0.487

-0.285

.776

0.321

0.423

0.758

.449

-0.163

0.367

-0.445

.657

0.886

0.422

2.103

.037

-0.877

1.050

-0.835

.405

-.1.435

1.066

-1.346

.180

-1.220

0.705

-1.729

.086

-1.600

1.062

-1.507

.134

-2.189

0.946

-2.313

.022

-1.324

0.848

-1.561

.120

0.906

1.204

0.752

.453

-0.822

0.680

-1.208

.229

-1.791

0.971

-1.844

.067
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Control variables
Age
0.000
Gender (female)
-0.550
Level of education
1.648
Knowledge
0.093
Familiarity
1.447
Underlying main and second-order effects
Personal values
Hedonism
0.411
Universalism
0.245
Security
-0.085
Social norms
Performance
0.358
Env. benefits of H2 cars
1.389
Costs
-0.744
Safety
0.407
Env. conseq. of H2 prod.
0.376
Conspicuousness
0.369
Performance perception*
0.905
Conspicuousness
Performance social norms*
-0.549
Conspicuousness
Env. benefits of H2 cars
1.541
perception*Conspicuousness
Env. benefits of H2 cars social
2.054
norms*Conspicuousness
Purchasing costs perception*
0.355
Conspicuousness
Purchasing costs social norms*
0.188
Conspicuousness
Env. conseq. of H2 prod.
2.003
perception*Conspicuousness
Env. conseq. of H2 prod. social
-1.777
norms*Conspicuousness

0.036
0.889
0.504
0.242
0.633

-0.008
-0.619
3.269
0.384
2.285

.994
.537
.001
.702
.024

0.261
0.242
0.279

1.574
1.001
-0.304

.118
.314
.762

0.701
0.822
0.566
0.730
0.846
0.459
0.841

0.510
1.690
-1.315
0.558
0.445
0.804
1.076

.611
.093
.190
.578
.657
.423
.284

0.603

-0.911

.364

0.869

1.775

.078

0.905

2.271

.025

0.643

0.551

.582

0.593

0.317

.751

0.879

2.279

.024

0.857

-2.073

.040
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