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Abstract: Whilst self-driving cars are not vehicles of the future, but technology that is already
available, their acceptance and implementation is heavily limited. People consider them as technology
that has a lot of risk—be it technological, IT related, or even ethical. The aim of the present paper is to
enrich the existing body of literature of risk perception—and in line with this technology adaption—
regarding autonomous vehicles and how they are influenced by demographic and exogenous cultural
variables. Whilst the effect of cultural variables on risk perception has already been explored by
several researchers, the present paper shall be considered an expansion of those works, striving to
address a particular segment of risk perception—the specifics of cultural influence on risk perception
regarding autonomous vehicles. Whilst risk perception is of a multifaceted nature, the current paper
does not aim to provide a comprehensive understanding of the complex phenomenon under scrutiny,
but intends to highlight the potentiality of cultural influences besides the often-explored individual
variables when it comes to risk perception and the consequent decisions and indicates that the
cultural dimensions of Geert Hofstede use to create a better understanding of perceived risks related
to self-driving cars.

Keywords: risk; risk perception; autonomous vehicles; cultural influence

1. Introduction

Autonomous vehicles are considered a disruptive innovation, and are forecasted to
transform the transportation industry (GOS 2019). Lanctot (2017) has predicted a 7 trillion
USD-sized market by 2050; however, the forecasts seem to be overestimated. The tech-
nology acceptance seems to be stalled and varies from country to country. On the basis
of an analysis of the 2014 Eurobarometer data, Hudson et al. (2019) have found that in
most EU countries people still feel “uncomfortable” about autonomous vehicles. The
worst attitude has been measured in Cyprus, where 77% of the population was against
travelling in an autonomous vehicle. Some other countries such as China and Japan, how-
ever, regard the technology as a sensible advancement (Continental 2022; Liu et al. 2022;
Fujiwara et al. 2022).

The era of self-driving cars has already arrived in the United States. The NHTSA
(National Highway Traffic Safety Administration) has already updated its regulations to
fit autonomous vehicles (Scribner 2021). What is more, legislations have been formulated
that force car manufacturers to upgrade the autonomy level of their cars (D’Agostino et al.
2020). Whilst the technology itself is globally available, different countries respond to the
situation differently when it comes to the legislative background (Hansson 2020).

Whilst self-driving cars are already available on the market, their acceptance and
implementation are heavily limited, since people consider them as technology that have
a lot of risk—be it technological, IT related or even ethical (Madarász and Szikora 2020).
According to Potoglou et al. (2020), people in Germany, India, Japan, Sweden, the UK and
the US have different perceptions of and attitudes related to autonomous vehicles, which is
not only reflected in the prospective buyer’s (lack of) willingness to pay the price premium
but also in how only very specific market segments are interested in the technology itself.
On the one hand, these variations are owing to individual differences, such as demographic
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variables and individual inclinations influenced by personality, social background and past
experiences. These factors are clearly identifiable in micro variations in the above cited
international research results and shall be the focal point of in-depth market analysis for
producers. On the other hand, there are clear patterns that are visible when comparing
different countries’ respondents and their attitudes with each other. The question to be
examined is whether self-driving cars, as a modern combination of hardware and software,
are the very source of the attitudes towards this disruptive technology, or it is rather the
national culture, which the individuals are embedded and becomes the root cause of the
lack of readiness.

Current article introduces research that has been undertaken to increase the knowledge
related to perceived risks of self-driving cars and how they are influenced by demographic
and exogenous cultural variables. Whilst the effect of cultural variables on risk perception
has already been explored by several researchers, the present paper shall be considered an
expansion of those works, striving to address a particular segment of risk perception: the
specifics of cultural influence on risk perception regarding autonomous vehicles. In line
with this aim, the paper will present relevant international literature connected to risk and
its perception, specifically highlighting the existing body of literature on the relation of risk
perception and cultural variables. After a structured summary of the international findings,
quantitative research and its results are presented that support the hypotheses of cultural
variables having significant influence on risk perception in the chosen specific domain of
autonomous vehicles.

2. Literature Review

In order to understand how public opinion and people’s risk perceptions are affected
by exogenous and demographic variables, it is imperative to define risk and its implications
first. In general terms, risk is a result of a perceived uncertainty. In cases where there is a
perceived dissonance between reality and possibility, risk is the perceived possibility of
certain actions leading to particular outcomes that have specific effects on the individual.
Whenever individuals do not possess the necessary information or are not able/willing to
process them when making their decisions, they are taking risks, allowing the outcomes to
deviate from the expected/desired state of affairs. Many social scientists claim that risk
is a social construct, which is only partially based on the (f)actual representation of real
hazards (Renn 1998), hence it cannot be determined through objective probabilities of harm
or technical risk estimates. Whilst it has long been proven (Covello 1983; Slovic 1987) that
respondents having sufficient information of a given situation or technology that assesses
the risks fairly accurately when ordering them on a Likert scale from the most serious to
the least serious one, they still tend to overemphasise the risk of events that have really low
probability and catastrophic results, compared to everyday/routine tasks that may occur
often, but have a less large-scale effect on the functioning of the systems.

Whilst the above findings imply that an individual’s perceptions of various risks
can be different, it also clearly highlights the need for understanding in where those
differences lie and how they are created. What are the antecedents of the risk perception
in a given situation or in our current case related to a certain technological improvement,
the autonomous vehicles. Uncovering the variables behind the individual risk assessment
can enable producers of the hardware (the car and its sensory and intelligent systems)
as well as the software to adapt to the potential buyers/users and create solutions that
improve the perception of their products and services. Nonetheless, it is true that risk
cannot ever be negated, only decreased to an acceptable level, where the possibilities of
the negative effects an occurrence can have on the individual are overshadowed by the
potential gain the individual believes to gain from trusting the situation/agent. Even in
case of risk perceptions related to technological improvements within organisations, the
role of interpersonal relations is of paramount importance (Bencsik et al. 2022), highlighting
that whilst individual decisions are influenced by individual risk perception and through it
by individual factors, every situation shall be analysed from a holistic perspective, paying
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attention to all (if possible) important factors that might affect the individual’s perceived
levels of risk.

In line with this, risk is an inherent part of our everyday live. However, different
individuals have very different attitudes towards risk and risky situations. The notion
of risk aversion refers to individuals who consciously try to decrease the unknown in
every situation or tendentiously select the less risky alternatives over the riskier ones when
making their decisions. These choices are stable, even if the riskier alternatives promise a
higher expected outcome. However, risk aversion, or its antonym, risk friendliness, is not a
black and white phenomenon. There is a limit to how much information can be processed
and how much energy and effort can be dedicated to situations demanding decisions.
Hence, some decisions become pre-programmed (turned into routinely executable tasks
that do not necessitate too much conscious deliberation), whilst others are accepted based
on trust.

Hence, trust is a fiduciary relation, where the trustor takes risks in believing that the
trustee will act in his/her own best interest. Accordingly, the relationship can be easily
described with the theory of the principal and the agent (Lazányi 2018) and can also be
modelled as a situation with a certain amount of control and hence a certain amount of
risk. In this regard, risk means giving (a certain amount of) control over to the trustee by
trusting that he/she will not betray the expectations of the trustor. This later definition
is especially important when it comes to the risk-taking behaviour of people indicated in
their attitudes towards autonomous vehicles.

NHTSA data (Campbell et al. 2018) indicate that 94% percent of critical traffic accidents
are due to human error, hence, the riskiest agent in the equation of traffic is the human. In
accordance with this, intelligent systems are able to make less risky, “optimal” decisions
whilst obtaining multiple times more information about any/every situation through the
advanced sensory systems and analysing available data in real time. Whilst self-driving
cars have been created with safety in mind, with vehicles decreasing the average level
of risk in traffic situations by always heeding the speed limit, and people keeping a safe
distance from the lead vehicle or other entities of the traffic and striving to protect lives and
assets (Takács et al. 2018), the perception regarding this feature is not clearly positive either.
Even when it comes to the protection of lives, ethical dilemmas arise regarding whose life
is of higher importance/value, such as who to save in a situation where there can be no
perfect solutions, yet again increasing the perceived level of risk by the potential user.

The same risk and perceived uncertainty arises in regard to other potential benefits
of autonomous vehicles, be it the more environmental-friendly solutions that reduce the
environmental impact of traffic, or emission or traffic noise (Wang et al. 2019; Kopelias
et al. 2020). Whilst the aim of novel technologies is clearly to protect the environment by
decreasing the harmful effects on the natural environment, the pursuit is not necessarily
realised by the greater public (Szikora and Madarász 2017; Nordhoff et al. 2018). What
is more, technologies used for creating autonomous vehicles are also regarded as full of
environmental risks. De Souza et al. (2018) have for example highlighted that whilst
electronic vehicles have the lowest level of emissions among all technologies compared on
a distance of 1 km in average, lithium-ion batteries have the highest level of human toxicity
of all technologies. Hence, even when it comes to its environmental effects, some regard
autonomous technologies as more risky, whilst some others as less.

In order to understand the above mentioned differences and the underlying risk
perception of potential users, several models have been developed in the past few years,
including the Theory of Reasoned Action (TRA) (Burnkrant and Page 1988; Niranjan and
de Haan 2018), the Technology Acceptance Model (Davis 1989; Baccarella et al. 2020), the
Theory of Planned Behavior (TPB) (Ajzen 1985; Haustein and Jensen 2018; Kaye et al.
2020), the Unified Theory of Acceptance and Use of Technology (UTAUT) (Venkatesh et al.
2003; Nordhoff et al. 2016; Venkatesh 2022). Many have explored multiple variables that
potentially influence the perceived level of risk and its consequence; the acceptance of



Risks 2023, 11, 26 4 of 16

automated vehicles among which demographic variables, past experiences, domain specific
knowledge, performance and effort expectancy have been addressed often in regard.

Gender has always been a prominent factor influencing risk perception, since females
are generally more anxious, are more susceptible to risk and as a consequence are more risk
averse (Maxfield et al. 2010). The Innovation Diffusion Theory (IDT) proposed by Rogers
et al. (2014) suggested that five attributes are: (1) relative advantage; (2) compatibility;
(3) complexity; (4) trialability; and (5) observability and are likely to influence the technology
readiness of the individuals. However, Dutta and Omolayole (2016) have provided data to
support the gendered aspect of all five of the factors. Hulse et al. (2018) have also found
that men are more likely to have a positive attitude towards automated vehicles and are
less concerned about the potential related risks. Rice and Winter (2019) even argue on
the basis of three different case studies that gender is more important than age when it
comes to differences in technology acceptance. They also elaborated that the difference is
mainly stemming from the higher level of fear related to the unknown, the perceived level
of complexity of autonomous vehicles.

Risk perception is not only gendered as highlighted in the previous paragraph, but
the gender differences themselves are also contextual since they are influenced by the
cultural expectations the individual is embedded into (Anania et al. 2018) In line with this,
attitudinal and behavioural differences between males and females reflect their cultural
values and norms and further segregate them when it comes to everyday roles and actions,
the same as in their relation with risk. Whilst cultural variables supposedly influence both
genders equally (Hofstede 2005), it is not to be debated that they can still influence people
belonging to different genders differently (Watkins et al. 1998; Stedham and Yamamura
2004; Moghaddam 2010; Le 2021).

Accepting the multifaceted nature of technology readiness and the complex and
intricate nature of risk perception, the current study endeavours to look into environmental
and individual factors as potential determinants in the acceptance of self-driving cars,
whilst keeping in mind that the factors explored in the paper might not enable a complete
understanding of the internal logic of decisions made by potential users or of the extent of
perceived risks related to autonomous vehicles. The following simple figure highlights the
variables influencing individual perceptions to be explored in the current study, namely
the demographic factors, age and gender, as well as the situational factor, culture.

3. Research Questions and Hypothesis

In order to understand how individuals perceive the levels of risks and make their
choices in regard to autonomous vehicles, various hypotheses have been created in line
with the model presented on Figure 1.
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The main research question explored through the paper is: What influences the
individual risk perceptions and through them the choices when it comes to self-driving
cars? Since the question is rather general, the research has been designed to focus on
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demographic (age, gender) and cultural variables, hence the following hypotheses are
explored:

Hypothesis 1 (H1). The risk perceptions of males and females are different when it comes to
autonomous vehicles.

Whilst much of the international literature indicates that males are much more open
to technological developments (Gallivan 2004; Dutta and Omolayole 2016), in the case of
autonomous vehicles it is not about the technology itself, but the extreme lack of control
when it comes to stage six autonomy; hence, trust is a multifaceted phenomenon, where
the relevant knowledge might not be a sufficient explanatory factor. Dudziak et al. (2021)
have clearly highlighted how Polish ladies have different attitudes towards self-driving
vehicles compared to their male counterparts. Cveticanin and Ninkov (2021) have arrived
at the same conclusions with a Serbian sample.

Hypothesis 2 (H2). The individual choices related to autonomous vehicles—in line with the
perceived levels of risks—vary with age.

In line with the relevant literature, elderly people are much less trusting when it comes
to technology in general (Wildavsky and Dake 1990) and autonomous systems, or self-
driving cars specifically (Wang and Zhao 2019; Jing et al. 2020), and this paper suggests a
change in patterns even within a certain age group, namely generation Z, which is less likely
to be impacted by generational influences and more by the personal experience “maturity“
of the individuals. In line with this, Andrei et al. (2022), after analyzing Romanian data,
have also arrived at the conclusion that older people need more information regarding
self-driving technology and its positive effects to raise their awareness and acceptance.

Hypothesis 3 (H3). The risk perception of autonomous vehicles is affected by cultural factors.

Whilst it is explored in many settings how the cultural embeddedness is of utmost
importance when it comes to individual choices, the international literature on exploring
decisions related to autonomous vehicles from a cultural point of view is scarce. Whilst
Weber and Hsee (1998) argue that the perception of the risk is culturally influenced and not
the attitude towards the perceived risk, Moody et al. (2020) suggest that the country level
differences are due to the different levels of infrastructures, motorisation and technology.
Papadimitriou et al. (2022) have also found that the perception of autonomous vehicles,
through the ethical issues complete autonomy might raise, is not only influenced by
demographic and socioeconomic factors, but also by cultural variables. Hence, current
research aims to contribute to the existing body of literature regarding how cultural factors
might affect individual risk perception.

4. Research Methodology and Sample

In order to be able to define the set of adequate questions, two focus group interviews
with researchers, proponents and opponents of self-driving vehicles have been conducted
in Hungarian and in the English language, the aim of which was to have an insight into
potential influencing factors. The topics raised by the respondents were mostly in line with
the relevant international literature and their findings when it came to the fears, but the
respondents did not list the whole variety of potential positive side effects, such as the
opportunity for economic carpooling and sharing or reducing the occurrence of parking
issues (Salum et al. 2022).

As a result, there are positive influencing factors, beliefs such as ‘Self-driving cars
will postively affect emission’, ‘Self-driving cars will positively affect the society’ and
‘Self-driving cars will reduce the occurrence of accidents’, as well as negative factors related
to autonomous cars, fears such as ‘Hackers tamper with the car’, ‘The self-driving system
breaks down’, ‘The car decides differently from how I would like it to’, ‘Control cannot
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be regained’, ‘The security of personal data cannot be provided’. In addition, general
technology related fear has also been added as a potential influencing variable in line with
the ‘joy of driving’ as a potential loss, since both focus groups have indicated their relevance
in connection with attitudes towards self-driving cars.

As a final result, an English language questionnaire containing 20 single, multiple
choice and scaling questions (measured on five-point Likert scales) has been created and
validated by the members of the focus groups. The questionnaire did not target any cultural
aspects, but has focused on the risk perceptions, fears and hopes of the respondents related
to autonomous vehicles.

In order to be able to respond to the third hypothesis and explore its validity, Geert
Hofstede’s (2011) publicly available cultural-dimensional measures were used as an ad-
dition to the information obtained through the questionnaire. In line with the selected
databases providing cultural variables, the ‘Power distance’, ‘Individualism’, ‘Masculinity’,
‘Uncertainty avoidance’, ‘Long Term Orientation’ and ‘Indulgence’ dimensions of the re-
spective national cultures have been explored. The variables are provided by the selected
source on a 0–100 scale, where 0 represents the lowest and 100 the highest potential value,
indicating either a complete lack of or an extreme prevalence of the explored cultural factor
in the given country’s national culture.

Whilst this solution also has its weakness, since the data provided on the webpage
(www.hofstede-insights.com/country-comparison/, accessed on 18 October 2022) are
the results of longitudinal research, therefore representing an average value over time,
the advantage of this solution is that it provides a quantifiable and validated approach
regarding the relevant national culture, hence it enables the assessment of the potential
cultural effects. The decision has been made to facilitate the analysis of a diverse nationality
sample with smaller subsamples of different nationalities in an efficient way, since exploring
the individual’s own perceptions of their home country’s national cultures would have
been heavily affected (biased) by their experience of being an international student abroad
(Lazányi et al. 2017).

The questionnaire was disseminated online (with the help of Google Forms) among
students studying at Óbuda University on English-speaking programs at two faculties
(Keleti Faculty of Business and Management and John von Neumann Faculty of Informat-
ics). The initial sampling shall be considered targeted, since all students studying at the
two faculties have received the call for participation via their online student administration
systems (Neptun). When designing the research, the idea was to target students from
the same age group, GenZ, and with similar general understanding (the students being
enrolled into technical management and computer science engineering programs, where
autonomous vehicles are not part of the core curriculum, but technological developments
are often addressed via the study materials). However, since the number of foreign re-
spondents were insufficient in the first 2 weeks, international students were requested to
disseminate the questionnaire among their peers from Gen Z; hence, the sampling ended up
as a snowball approach. Within a timeframe of 5 weeks, from 5 September 2022 to 9 October
2022, 493 responses have been collected. (13 responses had to be excluded owing to the
responses coming from students not belonging to the targeted age group). Unfortunately,
from the valid responses two countries (Kyrgyzstan and Mongolia) and the representative
students had to be removed, since they had no Hofstede indicators, which was necessary
to evaluate the cultural effects influencing the students’ individual decisions.

In line with the initial idea, a representative international sample was not the purpose
of the research, and it also could not have been created, hence a measure—the inclusion
of the cultural dimension scores from Hofstede’s country-comparison platform—with the
help of which an unbalanced and varied sample could be explored was introduced as
already explained above.

After omitting the not-relevant or not-analyzable data from the collected responses,
the sample contained 467 responses. More than 2/3 of the respondents (74%) were from
Hungary. The remaining 26%’s distribution by countries of origin is displayed in Figure 2.

www.hofstede-insights.com/country-comparison/
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Only countries with responses higher than 1% are indicated with a number of respondents
and percentages (N; %), but all represented countries’ (N = 20) names are displayed on the
graph. As it is easily visible, the majority of foreign respondents were from Poland (31%),
followed by Finland (15%), Spain (13%) and Serbia (10%).
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Figure 2. Distribution of non-Hungarian respondents by country.

Whilst it is not critical to separate Hungarian vs. non-Hungarian respondents, when
it comes to research on cultural variables’ effect on risk perception, the effect of certain
demographic variables, such as age or education, could only be explored on the Hungarian
subsample separately, since other nationalities unfortunately did not have a sufficient
number of respondents to have a relevant statistical analysis of these variables; furthermore,
treating the whole sample as a homogenous set would have gone against the purpose of
the research, that being the exploration of cultural influences.

As indicated in Table 1. below, the Hungarian and non-Hungarian sample was
comparable when it came to the age of the respondents, since the Hungarian population’s
age was 22.2 (Std. Dev. 2.257) and the non-Hungarian respondents had an average age
of 22.67 (Std. Dev. 2.698), where the higher standard deviation can be explained by the
smaller number of respondents in the subsample.

Table 1. Distribution of the sample by gender and nationality.

Hungarian Non-Hungarian Total

N % N %

Male 221 64% 53 43% 274
Female 121 35% 68 56% 189
Prefer not to identify 3 1% 1 1% 4
Total 345 122 467
Average age 22.20 22.67 22.323

The disparity between the two subsets occurred regarding the reported gender of the
respondents. Respondents were requested to either identify themselves as males or females
or could indicate their preference as “I prefer not to identify with either”.

Whilst in the Hungarian sample only 35% of the respondents were female, in the non-
Hungarian subgroup 56% of the respondents were female. This is a significant difference;
hence, the most important analysis was to test the differences between both genders in the
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Hungarian sample (in the non-Hungarian sample, because of the potential effect of multiple
nationalities, and in the small sample size for certain countries such a comparison could
not lead to trustworthy data. Here it is important to note that four respondents preferred
not to identify themselves with either gender; hence, in later gender-based comparisons
they will be excluded from the analysis).

5. Research Results

In the following chapter, research results are organised in line with the logical model
displayed in Figure 1 to look into the hypotheses listed previously. Whilst gender as a
variable will be explored independently, as well as through the lens of cultural dimensions,
age as a variable could only be explored to a more limited extent, owing to the buildup of
the sample.

5.1. Differences Caused by Gender and Age Influences

Exploring the data obtained through the research, there was no significant difference
in the ages of the male and female respondents, so the two samples were considered
comparable from this regard. Table 2 highlights only the factors that indicate significant
differences based on the respondent’s gender.

Table 2. Significant differences between male and female respondents in the Hungarian sample.

Levene’s Test for
Equality of Variances

t-Test for Equality of
Means Sig.

(2-Tailed)
Mean
Diff.

F Sig. t df

I would support the initialisation of
self-driving cars * 8.206 0.004 5.093 340 0.000 0.758

I would love to buy a self-driving car
later on * 4.509 0.034 4.115 340 0.000 0.632

I would love to try a self-driving car ** 1.172 0.280 3.279 242.377 0.001 0.516

Self-driving cars will positively affect
emission * 18.408 0.000 2.598 340 0.010 0.359

Self-driving cars will positively affect
the society * 4.427 0.036 4.242 340 0.000 0.604

Self-driving cars will reduce the
occurrence of accidents * 6.491 0.011 5.606 340 0.000 0.792

Which of the previous 6 options
would You be comfortable with? * 16.035 0.000 3.894 340 0.000 0.658

I would be afraid of self-driving cars
in my environment ** 0.179 0.672 −5.155 252.051 0.000 −0.808

Hackers tamper with the car ** 1.790 0.182 −2.752 259.514 0.006 −0.432

The self-driving system breaks down * 31.586 0.000 −6.155 340 0.000 −0.788

The car decides different from how I
would like it to * 19.213 0.000 −3.856 340 0.000 −0.526

Fear from the new technology ** 0.598 0.440 −6.962 259.523 0.000 −0.926

People (in various professions, such
as chauffeurs) will lose their jobs ** 0.781 0.378 −5.320 252.856 0.000 −0.826

Control cannot be regained * 16.743 0.000 −4.502 340 0.000 −0.661

The security of personal data cannot
be provided ** 0.009 0.924 −2.195 253.655 0.029 −0.323

* Equal variances assumed; ** Equal variances not assumed.
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On the basis of the t-test results, males perceive autonomous vehicles as less risky,
have on average a lower level of fear, in general and regarding specific fearful instances
as well. Since they regard the autonomous technology as less fearful, they are more open
about it being introduced on the streets and are more eager to try it. What is more, they
even perceive the positive externalities of the autonomous vehicles as more relevant. Whilst
the extent to which the male respondents have perceived the risks related to self-driving
cars differ for every related statement, the tendency is clearly visible.

In line with this result, the age as an influencing variable has been tested for both
genders as well as for the whole Hungarian subset. Age as a scale variable and the
perceptions of the respondents measured on a Likert scale were analysed with the help of
the Pearson correlation. The age of the Hungarian respondents in general did not correlate
with any of the explored variables; however, there were some slight correlations when the
age as a mediating variable was explored separately for the two genders, as indicated in
Table 3.

Table 3. The relationship of age and perceptions by gender in the Hungarian sample.

The Car Decides
Different from
How I Would

Like It to

Fear from the
New

Technology

The Security of
Personal Data

Cannot Be
Provided

Male respondents
Hungarian
subsample

N = 221

Pearson
Corr. 0.019 −0.039 0.132 *

Sig.
(2-tailed) 0.781 0.569 0.050

Female respondents
Hungarian
subsample

N = 121

Pearson
Corr. −0.181 * −0.225 * −0.190 *

Sig.
(2-tailed) 0.047 0.013 0.037

* Equal variances assumed.

Interestingly, the perceived levels of risk decreased the older the female respondents
got, albeit only slightly, whilst the male respondents were more aware of potential risks,
becoming more security conscious when it came to the statement “The security of personal
data cannot be provided”, yet the relation here was also weak. Whilst the research has
targeted people from Gen Z, hence the age difference of the respondents being not extreme,
the slight difference might underline the importance of information in regard to the per-
ceived level of risk, as also indicated in the international literature. (Hypothetically, the
older the respondents were, the more time they had to look into this novel technology and
its implications.) The more the respondents knew about the technology and its effects, the
more trustworthy they deemed it to be (in case of female respondents), or the more they
could realise the consequent security risks (in case of male respondents).

5.2. Differences Caused by Cultural Influences

In order to explore the effects of such cultural influences, additional variables stem-
ming from Geert Hofstede’s research (2011) have been added to the list of variables explored
through the question in the online questionnaire. Owing to the overrepresentation of Hun-
garian respondents and the segmented nature of non-Hungarians in the sample, a normal
distribution of the variables could not be expected.

These variables had only very weak or no correlation with the attitudes of the re-
spondents as indicated in Table 4, where only variables with significant correlations are
indicated for easier understanding. Whilst some of the correlations were significant at a
level of p < 0.01, cultural variables seem not to have a strong- or even medium-strength
effect on the risk perceptions of the respondents.
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Table 4. The significant relations of cultural dimensions and perceptions within the international sample.

I Would
Love to

Buy a Self-
driving

Car Later
on

Hackers
Tamper with

the Car

The
Self-Driving

System
Breaks
Down

Fear from
the New

Technology

People (in Various
Professions, such

as Chauffeurs)
Will Lose Their

Jobs

Control
Cannot Be
Regained

The Security
of Personal

Data Cannot
Be Provided

Power
distance

Corr. 0.112 * 0.209 ** 0.119 *
Sig. 0.015 0.000 0.010

Individualism
Corr. −0.092 * −0.130 ** −0.222 ** −0.094 *
Sig. 0.047 0.005 0.000 0.041

Masculinity Corr. −0.091 * −0.151 ** −0.196 **
Sig. 0.048 0.001 0.000

Uncertainty
avoidance

Corr. 0.142 **
Sig. 0.002

Long Term
Orientation

Corr. −0.103 * −0.121 ** −0.128 **
Sig. 0.026 0.009 0.006

* Equal variances assumed; ** Equal variances not assumed.

As indicated by Table 4, different cultural variables have various effects on the per-
ceived relevance of different risks. Whilst all in all the correlations were rather weak, the
perceived risk of novel technology (such as “Hackers tamper with the car” and “The self-
driving system breaks down) and fear for various professionals losing their jobs (“People
(in various professions, such as chauffeurs) will lose their jobs”) shows results that seem to
be indicative of an existing relation. The highest (negative) correlation (Correl.: −0.222; Sig.
0.000)) was measured between “individualism” and fear for various professionals losing
their jobs (“People (in various professions, such as chauffeurs) will lose their jobs”). The
more of a collectivistic culture the individual was embedded into, the more concern they
showed for others.

Whilst it has already been proven previously that females perceive the risks related
to autonomous vehicles more intensely, the dataset has been divided by gender into two
subsets and the correlation of the cultural variables with those describing the respondents’
perceptions have been calculated separately. Tables 5 and 6 will only display correlations
that were significant.

Table 5. The significant relations of cultural dimensions and perceptions of male respondents in the
sample.

Male Respondents (N = 274) Power
Distance Individualism Masculinity Uncertainty

Avoidance
Long Term
Orientation Indulgence

I would be afraid of self-driving cars
in my environment

−0.184 ** −0.208 ** −0.221 ** 0.138 *
0.002 0.001 0.000 0.022

Fear from the new technology 0.235 ** −0.318 ** −0.294 ** −0.191 **
0.000 0.000 0.000 0.002

Hackers tamper with the car 0.204 ** −0.172 **
0.001 0.004

The self-driving system breaks down 0.186 ** −0.210 ** −0.162 ** −0.137 * 0.124 *
0.002 0.000 0.007 0.024 0.041

The car decides different from how I
would like it to

0.165 ** −0.133 * 0.193 **
0.006 0.028 0.001

Control cannot be regained 0.146 * −0.129 * 0.125 *
0.016 0.032 0.038

The security of personal data cannot
be provided

0.215 ** −0.152 *
0.000 0.012

People (in various professions, such
as chauffeurs) will lose their jobs

0.329 ** −0.319 ** −0.227 ** 0.086 −0.188 **
0.000 0.000 0.000 0.155 0.002

* Equal variances assumed; ** Equal variances not assumed.
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Table 6. The significant relations of cultural dimensions and perceptions of female respondents in the
sample.

Female Respondents
(N = 189) Power Distance Individualism Masculinity Uncertinaty

Avoidance Indulgence

I would support the initialisation of
self-driving cars

0.197 ** −0.205 ** −0.189 **
0.007 0.005 0.009

I would be afraid of self-driving
cars in my environment

0.184 *
0.011

I would love to buy a self-driving
car later on

0.206 ** −0.259 ** −0.253 **
0.005 0.000 0.000

Self-driving cars will positively
affect the society

0.143 * −0.148 *
0.050 0.042

Self-driving cars will reduce the
occurrence of accidents

0.154 * −0.177 * −0.239 **
0.034 0.015 0.001

The self-driving system breaks
down

−0.169 * 0.203 ** 0.148 *
0.020 0.005 0.042

The car decides different from how I
would like it to

−0.211 ** 0.245 ** 0.300 **
0.004 0.001 0.000

Fear from the new technology −0.147 * −0.143 *
0.044 0.050

Control cannot be regained 0.170 * 0.166 *
0.019 0.022

I lose the joy of driving 0.167 * 0.280 ** −0.144 *
0.022 0.000 0.048

* Equal variances assumed; ** Equal variances not assumed.

When exploring the relations of cultural dimensions and the male respondents’ risk
perceptions (indicated in Table 4), the correlations were stronger than on the whole sample,
underlining the importance of exploring the effects of gender as a mediating variable when
it comes to cultural influences.

“Masculinity” as a cultural variable was negatively correlated (Correl.: −0.227; Sig.:
0.000) with fear for various professionals losing their jobs (“People (in various professions,
such as chauffeurs) will lose their jobs”), since “masculinity”, by definition is less about
empathy and more about competition. What is more, the cultural dimension’s results were
in line with the social gender aspect of male respondents regarding new technologies as
less risky, which is in line with traditional gender stereotypes as well.

Interestingly, male respondents were able to relate to people losing their jobs as a
potential negative side effect of the new technology more in cultures with bigger power
distances (Correl.: 0.329; Sig.: 0.000). Whilst on the one hand there does not seem to be
a close relation between the two variables, if we regard that the majority of the sample
consists of students, who are studying and only a part of them are working to contribute
to/sustain themselves, they seem to be able to empathise more with the employees losing
their jobs.

In more individualistic cultures, male respondents were less concerned about some
professionals losing their jobs, or the potential hazards of the technology (“Hackers tamper
with the car” Correl.: −0.172; Sig.: 0.000; “The self-driving system breaks down” Correl.:
−0.210; Sig.: 0.004; “The car decides different from how I would like it to” Correl.: −0.133;
Sig.: 0.028; “Control cannot be regained” Correl.: −0.129; Sig: 0.032; “The security of
personal data cannot be provided” Correl.: −0.152; Sig.: 0.012) and also were less afraid of
the novelty of self-driving technology (“Fear from the new technology” Correl.: −0.294;
Sig.: 0.000).

In the case of the female respondents, in line with the data displayed in Table 6, the
correlations were also weak. However, interestingly the “power distance” as a cultural
perspective was negatively correlated with the intensity of several risks’ perceived level,
such as “The self-driving system breaks down” Correl.: −0.169; Sig.: 0.020; “The car decides
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different from how I would like it to” Correl.: 0.211; Sig.: 0.004 and “Fear from the new
technology” Correl.: −0.147; Sig.: 0.044—whilst positively with potential positive outcomes
such as “Self-driving cars will positively affect the society” (Correl.: 0.143; Sig.: 0.050) and
“Self-driving cars will reduce the occurrence of accidents” (Correl.: 0.154; Sig.: 0.034).

“Individualism” and “masculinity” on the other hand had a reverse effect on the
perceptions of female respondents. The more individualistic the culture was the less
respondents considered the positive effects of autonomous technologies (“Self-driving cars
will positively affect the society” Correl.: −0.148; Sig.: 0.042; “Self-driving cars will reduce
the occurrence of accidents” Correl.: −0.177; Sig.: 0.0155). The more masculine a culture
was, the less female respondents were interested in how “Self-driving cars will reduce the
occurrence of accidents” Correl.: −0.239; Sig.: 0.001).

In the case of the explored subsample, “long term orientation” did not corelate with
any of the measured variables.

To sum the culture-related results up, we can state that whilst cultural variables do
not significantly correlate with attitudinal variables on the whole sample, if we consider
their effects by gender, the correlations are much stronger. In line with this, culture as
a variable might not be an independent influencing factor, but it shall be considered as
a mitigating/shifting factor when it comes to the effects of gender on perceptions and
decision making; or the other way around, gender might be an important change factor
when it comes to evaluating the effects of cultural dimensions. In order to explore the
relation of these variables, a hierarchical regression model shall be created in the later
phases of the research, which, on the basis of the current unbalanced sample, unfortunately
could not successfully be created.

6. Discussion

Whilst the aim of the paper was to explore how individuals perceive risks and make
decisions in regard to autonomous vehicles, various hypotheses have been tested con-
cerning the potential influencing variables recommended by the relevant international
literature. The differences in (risk) perception based on gender, age and national culture
have been explored in order to test three basic hypotheses: one, the choices of males and
females are different; two, the choices vary with age; and three, the choices are affected by
cultural factors.

The data presented in the current study also support that male respondents (of the
same age and nationality) had on average a lower level of fear, in general and regarding
specific risks related to the introduction of self-driving cars as well. In line with their lower
levels of risk, they even perceived the positive externalities of the autonomous vehicles as
more relevant.

These findings are in line with the findings of the relevant international literature.
According to the study of Maxfield et al. (2010), females are generally more anxious and are,
as a consequence, more susceptible to risk; hence, they try to make choices they perceive as
less risky. Much of the international literature indicate that females are less likely to accept
new technology, mainly due to their higher level of fear related to the unknown, stemming
from the perceived level of complexity (Dutta and Omolayole 2016; Hulse et al. 2018; Rice
and Winter 2019). In line with this, Dutta and Omolayole (2016) indicate that males are
much more open to technological developments. Dudziak et al. (2021), in accordance
with Cveticanin and Ninkov (2021), have also arrived at the same conclusion that male
and female attitudes regarding self-driving cars are significantly different. Hence, the
hypothesis that risk aversion has a gendered perspective can be verified not only on the
basis of current research data but is also supported by the relevant international literature.

Even though the very focus of the research presented in the current paper was Genera-
tion Z, even within this age group there were slight differences to be identified, especially
when the male and female respondents were explored separately. In line with the data
presented in the current paper, Andrei et al. (2022) have also arrived at the conclusion that
older people need different treatment when it comes to raising their awareness and accep-



Risks 2023, 11, 26 13 of 16

tance to positively influence their attitudes towards autonomous vehicles. This difference,
that older people are much less trusting when it comes to new technology in general (Wang
and Zhao 2019; Jing et al. 2020), is also supported by the international literature; there have
only been a few papers exploring the perceived level of risk or the technology acceptance
of young people (Lazányi 2018; Huang et al. 2022), and the number of those of other age
groups is also limited (Szikora and Madarász 2018). In line with this, even though age as a
variable has been proven to be important, the within-generation differences have yet to be
further explored and additional research is needed to accept our hypothesis.

What is more, the effect of gender in connection to age as an influencing variable was
also highlighted by the research results. Hence the relation of age, especially age differences
within a certain age group, and risk perception have yet to be explored in depth.

Data presented in the current paper highlight the importance of various cultural
dimensions (Hofstede 2011) when it comes to risk perception and individual choices. Whilst
the variables indicating the cultural dimensions had only very weak or no correlation with
the attitudes of the respondents in general (the highest correlation found between the value
of collectivism and concern for others), interesting patterns could be identified when we
have explored the effects for different genders separately. For example, the data of female
respondents highlighted that the bigger the power distance in their national culture was,
the less they perceived the risk of autonomous vehicles and the more the potential benefits
connected to them.

The international literature on exploring decisions related to autonomous vehicles from
a cultural point of view is scarce, despite the cultural embeddedness of risk perception and
decision-making being widely discussed. However, the few available sources also support
the notion that risk perception and decision making are culturally embedded. For example,
Anania et al. (2018) findings suggest that risk perception is not only gendered, but the
gender differences themselves are also contextual since they are influenced by the cultural
expectations the individual is embedded into. On the other hand, according to Moody
et al. (2020), country level differences exist because of different levels of infrastructures,
motorisation and technology, and are thus owing to economic factors. In accordance
with this, whilst the researched cultural variables showed a weak correlation with factors
exploring the respondents’ perceptions regarding self-driving cars, further research is
needed to clarify whether socio-cultural or economic factors, or both, lie in the background
of international differences.

In conclusion, whilst the current article has introduced quantitative research that has
been undertaken to increase the knowledge related to perceived risks of self-driving cars
and how they are influenced by demographic and exogenous cultural variables, it has also
managed to reflect on three hypotheses that have proved to be at least in part to be valid
in the light of the research results, with the results underlining the multifaceted nature
of risk (perception). Whilst the effect of cultural variables on risk perception has already
been explored by several researchers, the present paper shall be considered an expansion
of those works.

Whilst the sample was far from representative, especially when it came to the in-
ternational respondents and their relative ratio in the sample, differences were clearly
underlined by the results presented in the paper. In line with this, the necessity to look
into the cultural aspect of risk perception through a gendered perspective has proven to be
relevant in the exploration of technology acceptance in general and especially perceptions
regarding autonomous vehicles.

Accordingly, the practical application of the current article is twofold. On the one
hand, in order to increase the acceptance of self-driving technology, producers have to take
a transnational or a better multi-domestic approach instead of their current global strategy.
On the other hand, in light of current results it seems to be inevitable for national govern-
ments to adapt their legislative backgrounds to the specifics of their cultures to support
the spread of autonomous technologies. These two efforts, especially if combined, can
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lead to faster market development and accordingly better access to the positive economic,
societal/societal and environmental externalities of self-driving vehicles.

7. Limitations of the Study and Future Ideas

Whilst the research was able to respond to the research question and reflect on the
validity of the three hypotheses regarding influencing variables, the research has multiple
limitations. The first and most important limitation is the imbalanced nature of the sample,
which is not only reflected in the lack of normality of cultural variables, but also in how
certain demographic variables (gender and age) could not be explored on the whole sample
but only on its specific subset.

In line with this, current research shall be expanded to include more respondents,
possibly from more countries, to have a more diverse cultural picture, but also in order to
be able to formulate a model where the relation of the variables can also be explored; a more
balanced sample is also necessary. In its current state the sample size and especially the
unbalanced nature of the sample (too few non-Hungarians with especially small respective
subsets) does not support the creation of a more complex model yet. In the further phase of
the research, however, the creation of a SEM model is inevitable.
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