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Abstract: Electric vehicles (EVs) have become a symbol of the fight against climate change. However,
in many countries, the market development of EVs is sluggish, and adoption rates greatly vary
worldwide. This study examines the impact of Hofstede’s six dimensions of national culture on the
development of the electric car market using sales data from 2019 and 2020 in 21 OECD countries.
Results of (OLS) linear regression analyses show that uncertainty avoidance, individualism, mas-
culinity, and indulgence have a significantly negative impact on the sales of battery electric cars,
while long-term orientation positively influences their market share. The results indicate that national
culture is an important cross-country factor that influences the rate and direction of the adoption
electric cars. The research also explains how cultural values are translated into the purchase of EVs
and provides marketers and policymakers with an insight into how they can increase the spread of
alternative-fuel vehicles.

Keywords: battery electric vehicles (BEVs); national culture; Hofstede; OLS linear regression

1. Introduction

The first electric cars were introduced in the mid-1830s and soon outsold their gasoline-
and steam-powered rivals in the USA [1]. However, the spread of EVs declined or remained
slow during the 20th and early 21st centuries because of the high total costs and limited
technology performance, including low top speed and short range [2]. Today, because of
further developments in lithium-ion battery technology [3], electric vehicles (EVs) have the
potential to become a suitable instrument towards a more sustainable future of mobility,
and especially small-size battery electric vehicles (BEVs) [4].

National and local governments worldwide have increased their efforts to speed up
EV usage. From 17,000 electric cars in 2010, the number of EVs have increased to 10 million
globally by 2020. According to the Sustainable Development Scenario (SDS), the global EV
fleet will reach a share of 12 percent, i.e., 230 million vehicles by 2030, excluding two/three-
wheelers [5]. Several European capital cities plan to ban the use of internal combustion
engine (ICE) vehicles in city centres [6], and many countries intend to discontinue selling
ICEs between 2025 and 2050. Despite these efforts, road transport is still not on track
towards carbon neutrality by 2050 in most countries, and reaching targets requires more
aggressive actions, especially regarding heavy vehicles [7].

While EV sales seem to have grown rapidly around the world, the uptake of electric
cars is rather low in most countries, with an uneven market share and highly different
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diffusion rates across countries [8]. In this study, we aim to better understand the reasons
behind the pronounced country differences in electric car penetration rate by focusing
on how national culture impacts the spread of BEVs. Research on ecological innovations
(eco-innovations), i.e., innovations with a lower environmental impact [9], is rather scant
compared to “ordinary” innovations. There is a growing body of research on the diffusion
of eco-innovations worldwide emphasizing the importance of the national and regional
cultural context [10,11]. The role of culture is particularly important in the case of driving
and the development of EV markets. Automobiles are both a functional technology for
providing mobility and a way of expressing social status and cultural identity [12]. Whilst
global consumer culture impacts the “driving culture” and consumer decision making
process uniformly worldwide [13], there are robust country-specific differences in overall
usage and attitude to eco-innovations, including EVs [14]. Rezvani et al. [15] emphasise the
need to explore and compare the symbolic meanings attached to EVs in diverse cultures
since symbolic meaning is context dependent. According to the extant literature, national
culture affects the innovation adoption rate, the adoption process [16], and differences
in sustainable consumption [17]. The acceptance of EVs differs between countries, and
cultural characteristics should be considered when promoting electric vehicles [14]. Gnann
and Plotz [18] call for research that uses quantitative evidence for factors influencing
EV diffusion.

We build our analysis on Hofstede’s original [19] and extended six-dimension mod-
els [20] of national culture to better understand the interplay between cultural orientations
and the adoption of electric vehicles. We model how contextual influences in various
countries may favour or inhibit the translation of cultural values into EV buying decisions.
Using cross-sectional data from 2019 and 2020 of 21 countries, we can assess the impact of
culture in a larger context (i.e., social, and environmental influences on the consumer) on
the EV markets. Our research contributes to the emerging literature of the determinants of
the adoption of EVs and eco-innovations in general.

We test six hypotheses concerning the impact of the cultural dimensions proposed
by Hofstede et al. [20], namely, power distance, uncertainty avoidance, individualism vs.
collectivism, masculinity vs. femininity, long-term vs. short-term orientation, indulgence
vs. restraint, on the market share of EVs. We found that in addition to wealth (GDP/capita),
cultural values significantly impact the adoption of EVs. The results support prior findings
that the demand for innovative, environmentally friendly products are unstable and vary
from culture to culture [21] and show how different cultural orientations affect green
consumer behaviour in the automotive market.

This work offers several contributions. It enriches the longstanding scholarly interest
in the linkage between national culture and people’s ability and willingness to protect
the environment [22]. The study focuses on EVs that are slowly growing in popularity
worldwide, and their use may be over-represented in cultures that foster normative beliefs
and the development of self-identities that encourage more environmentally responsible
behaviours [23]. We add to this research at the macroeconomic level by examining the
impact of cultural orientations on the market share of EVs. Prior studies have mainly
focused on the individual (demographic, psychological, socio-demographic) characteristics
of EV buyers (e.g., [15,24,25]), implicitly assuming that preferences would result mainly
from personal attributes, which is not necessarily the case.

Based on our quantitative study of 21 countries, we identify cultural dimensions that
significantly impact BEV sales rates in a country based on Hofstede’s works. This way,
we point to both the facilitators of and impediments to the adoption of electric cars at a
national level. Our method is novel as we involve all six cultural dimensions and test them
in 21 countries, which represent most of the global EV market. Whilst EVs can include any
road-, rail-, sea-, or air-based vehicle that is at least partly powered by electricity [6], in this
paper, we focus on electric road transport and BEVs, which are fully powered by electricity.
BEVs are considered more environment friendly than ICEs because they have no tailpipe
emissions and no direct reliance on fossil fuels.
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The article proceeds as follows. The next section shows how previous empirical re-
search regarding the impact of national culture on EV adoption explain country differences
in EV market share. Six hypotheses concerning how specific cultural dimensions affect
EV sales are also outlined. Next, the variables and sample are presented along with the
analyses carried out to test the hypotheses. The hypotheses are then tested by means
of regression analysis in the following section alongside a discussion of the results. The
limitations as well as implications for future research and practitioners conclude the article.

2. Literature Review and Hypotheses

In developed countries, people are increasingly encouraged to acquire a greener,
more environmentally friendly consumer behaviour characterised by lower environmental
impact, including CO, emissions [14]. Environmentally conscious consumers purchase
goods and services they perceive to have a positive or less negative impact on the envi-
ronment [26]. Besides green attitudes and lifestyles [17], consumers’ innovativeness [27],
experience [28], gender, age, marital status [29], profession, place of living, household type,
driving habits, socio-economic status [30], social norms, and the willingness to comply
with the norms [31] were all found to impact EV adoption. The market share of EVs is
also influenced by government strategies and subsidies [32], including ownership tax
benefits, as well as competitiveness factors related to the technology itself, such as purchase
price [33], operating costs [34], charging infrastructure, travel range [18], and residual
value [35]. Consumers raise concerns about the recycling of batteries, the pollution caused
by battery production, the ecological footprint of batteries [36], the social and environmen-
tal consequences of mineral exploitation, and the limits of mineral resources [37]. Franzé
and Nasca [38] affirmed that EVs have a better environmental performance in terms of
CO; emissions than internal combustion engine vehicles over the whole life cycle of the
product; however, the link between CO, emissions and EVs can vary depending on the
country observed [39].

There are several empirical studies in the literature that show how national specificities
can influence country differences in EV diffusion. In Italy, Danielis et al. [40] found that
financial incentives have a more considerable impact on the probability of purchasing
an EV than technological improvements. In India, the pricing of EVs is not a major
issue in preventing consumers from purchasing EVs [41]. In China, most consumers
consider switching to greener cars but are more likely to buy hybrid cars than pure electric
vehicles [42,43]. Environmentally friendly technologies are more attractive to consumers in
California who engage in pro-environmental and technology-oriented lifestyle practices as
well as to people open to lifestyle changes [44]. The willingness to try new technologies
increases the likelihood of adopting EVs in Norway; however, environmental concerns
do not [45]. Government support was found to be critical to overcome the barriers of
promoting EVs in Russia [46].

A few studies specifically focus on the role of culture in EV adoption. Barbarossa
et al. [23] compared consumers in Denmark, Belgium, and Italy to assess significant cross-
national differences in EV adoption intention and explain dissimilarities using Hofstede’s
national cultural dimensions. Busse et al. [47] also found evidence for culture-related
differences in the adoption behaviour of eco-innovations between German and Chinese
consumers; e.g., in cultures with a high degree of collectivism, friends and family have a
much stronger influence on the intention to adopt eco-innovations than in individualistic
cultures. McLeay et al. [14] suggest that future studies about eco-friendly consumption
should pay more attention to the cultural context of previous findings. Relying on a
nationwide survey in China, Qian and Yin [48] emphasise that public policy and social
marketing efforts should consider cultural values in promoting environmentally sustainable
innovative technologies.

There are several definitions of culture, which typically include values and norms; i.e.,
shared conceptions and beliefs about what is good, wrong, appropriate, or worthwhile re-
garding human behaviour and standards of behaviour [49]. Hofstede studies culture at the



Energies 2022, 15, 1539

40f16

national level and defines it as “the collective programming of the mind that distinguishes
the members of one group or category of people from others” [50]. In the following, we
outline and explain our six hypotheses relating to the impact of different cultural dimen-
sions (power distance, uncertainty avoidance, individualism vs. collectivism, masculinity
vs. femininity, long-term vs. short-term orientation, and indulgence vs. restraint) on EV
adoption. We approach the impact of culture on EV adoption through its role in innovative
and environmentally conscious behaviour.

The first cultural dimension, power distance, refers to the degree to which the less
powerful members of organisations and institutions (e.g., the family) accept and expect
that power is unequally distributed. In societies with a more considerable degree of power
distance, status is essential, and people tend to be less innovative and less open to new prod-
ucts and technologies [51]. Rinne et al. [52] found a strong negative relationship between
Hofstede’s power distance and the Global Innovation Index. Societies with high respect
for authority have a weaker capacity for debate on social and environmental issues [53]
and a smaller social and institutional capacity for environmental sustainability [54]. Values
promoting “green” and sustainable consumption are found to be more widespread in
egalitarian countries [55]. Higher power distance is associated with lower national income
(wealth) [56] and weaker ability for both sustainability and innovation [57], and hence we
assume that it will also negatively affect EV adoption.

Hypothesis 1 (H1). Countries with greater power distance have a lower EV adoption rate.

Uncertainty avoidance, a society’s tolerance for ambiguity, is the extent to which
culture programs its members to feel either uncomfortable or comfortable in unstructured
(novel, unknown, or surprising) situations [56]. On the other hand, if a culture is char-
acterised by strong uncertainty avoidance, people will try to minimise the possibility of
situations different from “normal” by applying strict behavioural codes, laws and rules,
and disapproval of deviant opinions. Prior research found that consumers in uncertainty
avoidant cultures are less innovative [58] and have a weaker affinity to new technologies,
such as e-commerce [59]. According to the data of the World Values Survey, uncertainty
avoidance is not related to the propensity to support sustainability initiatives [60]. How-
ever, Vachon [61] found that a nation’s high uncertainty avoidance is positively related
to sustainable and responsible corporate practices. Since there is a significant amount of
financial, psychological, and other risks associated with buying eco-friendly cars [23], we
assume that uncertainty-avoidant societies are less likely to adopt them.

Hypothesis 2 (H2). Countries with greater uncertainty avoidance have a smaller EV adoption rate.

Individualism versus collectivism refers to the degree to which people in a society
are integrated into groups. In individualistic cultures, the ties between individuals are
loose, and everyone is expected to look after their immediate environment and family [56].
Some prior findings (e.g., [51,58]) associate consumer innovativeness with individualistic
cultures. A longitudinal study of 62 countries by Taylor and Wilson [62] shows that
individualism has a strong, significant, and positive impact on innovation; but certain forms
of collectivism can also foster innovation at the country level. Regarding sustainability,
Soyez [63] claims that an “ecocentric” value orientation is more likely to emerge in countries
that hold individualistic values, while an “anthropocentric” value orientation is noticeable
in countries with collectivistic ones. Interestingly, environmental activism is much more
prevalent and diverse in individualistic cultures than collectivist ones [53]. Nevertheless,
Nguyen et al. [64] found that collectivist cultural values positively impact environmental
attitudes. In cultural collectivism, where the needs and wants of the group are deemed
more important than those of the individual, green consumption is more supported [65].
A survey by Higueras-Castillo et al. [66] in three countries (Germany, Mexico, and Spain)
confirmed that countries with a higher level of collectivism have more assertive intentions
and eco-friendly behaviours regarding renewable energy technologies. Consumer-level
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collectivism has been found to positively influence attitudes to eco-friendly cars; however,
eco-friendly consumers also consider other features such as performance and design [67].
Individualism seems to positively impact innovative behaviours, but more recent findings
associate collectivism with environment friendly lifestyles.

Hypothesis 3 (H3). Countries with a more individualist culture have a lower EV adoption rate.

The masculinity versus femininity dimension refers in society to the distribution of
values between the sexes. While typical women’s values tend to be similar in different
societies, men’s values change considerably from one country to another, from being very
assertive and competitive (i.e., very different from women) to modest and caring (i.e.,
similar to women) [56]. The strong pole is called “masculine” in Hofstede’s model, and
the modest, caring pole is called “feminine”. Studies on the link between masculinity and
innovation have been mixed, either finding no relationship between the two or indicating
that feminine cultures may be more favourable to innovation [68,69]. In masculine cultures,
consumers prefer economic growth over environmental sustainability [70], and firms tend
to focus more on material goals [71] and slowly adopt costly green technologies [72]. Cars
have been traditionally associated with men and masculine subcultures [73]. However, EVs
used to be associated by manufacturers with women, who were viewed as homemakers
who do not make frequent or long trips and hence are pleased with less competitive but
cleaner cars as compared to men who regard power, range, and the economy more criti-
cal [74]. Since achievement and status can be demonstrated by possessing the most novel
products, expensive EVs can become popular in masculine cultures [75]. A Belgian study
found that women are more likely to drive EVs than men [24]. Gender is a significant driver
of acceptance of EVs, especially in women, who have higher environmental consciousness
than men [76].

Hypothesis 4 (H4). Countries with a more masculine culture have a lower EV adoption rate.

The long-term versus short-term orientation dimension has been related to Confu-
cianism [77]. Future-oriented cultures focus on adaptation to circumstances, learning,
perseverance, and thrift, while past-oriented and present-oriented cultures respect tradi-
tions and the home nation and accept universal guidelines on good and bad [56]. Bukowski
and Rudnicki [78] show that long-term orientation is a strong positive predictor of national
innovation intensity and highlight the need to advance the understanding of the causal
mechanism between culture and innovativeness to guide further theoretical and empirical
analysis. Long-term orientation has a significant positive impact on environmentally sen-
sitive consumer behaviour too [79]. A Vietnamese study [64] found that consumers with
greater adherence to long-term orientation are more likely to engage in green purchase
behaviour because of their positive environmental attitudes, solid subjective norms, and tol-
erance of inconvenience associated with eco-friendly products purchase. A Chinese study
of private firms confirmed that proactive environmental strategy does not happen without
commitment and long-term orientation [80]. Long-term oriented people in general are
more likely to develop values and attitudes about protecting the natural environment [81].

Hypothesis 5 (H5). Countries with a long-term orientated culture have a higher EV adoption rate.

The indulgence versus restraint dimension added more recently [56], complements
long- versus short-term orientation. Indulgent societies (e.g., Mexico, Sweden, New
Zealand, and Australia) allow a relatively free gratification of basic and natural human
desires related to enjoying life and having fun, while more restrained societies (e.g., China,
Korea, and India) tend to control the satisfaction of needs and regulate it through strict
social norms. Research has been very scant on the relationship between indulgence and
innovation; Tian et al. [82] highlights the need for more empirical studies to explore their
relationship in the future. Indulgent societies have been found to be more optimistic
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and open to information technologies, such as online shopping [83]. There seems to be a
positive relationship between indulgence and volunteering [84], and between indulgence
and corporate social responsibility [85]. Organizations reporting on the Sustainable Devel-
opment Goals are more likely to come from countries characterized by a higher level of
indulgence [86]. When basic needs are already satisfied, consumers start looking for higher
levels of concern, which explains why a country’s cultural indulgence is positively related
to the eco-innovation index [82].

Hypothesis 6 (H6). Countries with a more indulgent culture have a higher EV adoption rate.

Figure 1 illustrates our conceptual model linking the cultural dimensions to the market
share of BEVs.
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Figure 1. Theoretical model: The impact of cultural dimensions on the adoption of battery electric vehicles.

Based on the literature, we propose that power distance, uncertainty avoidance, in-
dividualism, and masculinity negatively, whilst long-term orientation and indulgence
positively impact BEV adoption. In addition, we utilise an important (GDP per capita)
control variable that is likely to affect BEV adoption in a country.

3. Data and Method

The analysis covers 21 countries based on the Global EV Outlook (2020 and 2021)
databases, containing data on the Electric Vehicles Initiative (EVI) members. EVI is a
multi-government policy forum dedicated to speeding up the introduction and adoption of
EVs. The countries included in the analysis are Australia, Brazil, Chile, Finland, France,
Holland, India, Japan, Canada, China, Mexico, Germany, New Zealand, Portugal, Sweden,
South Africa, South Korea, Thailand, the USA, and the United Kingdom. Since EV sales
and production are primarily concentrated in China, Europe, Japan, and the United States,
these countries represent most of the international market for EVs [87].

The dependent variable is the market share (% of total automobile sales) of pure battery
EVs (BEVs) in 2019 and 2020. EVs with both battery and internal combustion engines
(“hybrid”) sell better in most car markets because of their longer driving ranges [88]; thus,
vehicles that obtain energy entirely from the battery require a complete shift in the consumer
mind-set and represent a more disruptive innovation [89]. BEVs are exciting to study, as
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the automotive industry is typically averse to more radical technological changes [90].
Explanatory variables are the index scores of the various cultural dimensions obtained from
the Hofstede databank [91]. The regression models also include output (GDP) per capita
at constant USD prices [92] as a suggested control variable to reduce model specification
error [93] and to follow Hofstede’s recommendations [56]. The descriptive statistics of the
variables are reported in Table 1.

Table 1. Descriptive statistics (n = 21).

Variables Description Mean Median SD Min Max

Dependent variable:

Natural log of the market share of
BEVs (the share of new BEV

BEV registrations as a % of total new 3.986 1.700 9-30 0.00 4240
vehicle registrations)
Independent variables:
PDI Power Distance 50.95 49.00 18.25  22.00 81.00
UAI Uncertainty Avoidance 60.76 53.00 21.28  29.00 99.00
IDV Individualism vs. Collectivism 57.86 67.00 2540 18.00 91.00
MAS Masculinity vs. Femininity 47.19 52.00 22.87  5.000 95.00
LTO Long Term vs. Short 4881 3800 2372 21.00  100.0
Term Orientation
IVR Indulgence vs. Restraint 56.33 59.00 1920  24.00 97.00
Control variable:
GDP Natural log of GDP per capita 36,081 43,712 23,743 2152 92,556

First, we calculated the Pearson correlation coefficients to measure the strength and
direction of the linear relationship between variables. Possible values of the correlation
coefficient range from —1 to +1, with —1 indicating a perfectly linear negative, i.e., an
inverse correlation, and +1 indicating a perfectly linear positive correlation. A correlation
coefficient close to 0 suggests little, if any, correlation. As the Pearson’s product-moment
correlation does not consider whether a variable is classified as dependent or independent,
we ran linear regressions. OLS regression is one of the most widely used methods for fitting
linear statistical models. It uses the following formula in matrix form (Equation (1)):

y=Xp+e 1)

where y is an n X 1 vector of outcome observations, X is the n x (p + 1) matrix of the
predictor variable values (including a single column for the regression constant), and e is the
n X 1 vector of errors, where 7 is the sample size and p is the number of predictor variables.
Linear parameters were assumed and ordinary least squares (OLS) regression analyses
with heteroscedasticity-consistent and robust (HAC) standard errors were estimated to test
the hypotheses. According to the Gauss’ theorem, the OLS estimator is consistent if the
repressors are exogenous in the class of best linear unbiased estimators (BLUE) and the
errors are homoscedastic and serially uncorrelated [94]. For cross-sectional data, the most
likely deviation from the errors is caused by heteroscedasticity; i.e., non-constant variance.
White [95] proposed a heteroscedasticity corrected estimator for the covariance matrix
(HCCME) of the parameter estimates that at least asymptotically preserves its validity
under undefined heteroscedasticity (Equation (2)). The results of these regression models
do not contain heteroscedastic residuals, and the disturbances have the same variance
across all observations.

VAR(B) = (X'X) ' X'0x(X'X) " @)
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where () is a diagonal matrix, in which non-zero elements can be estimated by squaring
the OLS residuals.

The latest release (30 September 2021) of Gretl (Gnu Regression, Econometrics and
Time-series Library), a cross-platform software package for econometric analysis, was used
to conduct the regression analysis [96]. Multiple linear regression calculates whether the
value of a continuous dependent variable (the market share of EVs) can be predicted from
a set of independent variables and the extent of its variance explained by the predictors.
The OLS regression selection approach is useful in testing the effect of national culture on
EV diffusion in a cross-sectional research design.

The dependent variable and GDP per capita were transformed using the natural log
function to decrease skewness and de-emphasise outliers, such as Norway. The model
contains six independent variables for a country (;) and national wealth (Equation (3)):

BEVl = BO + [31 P]:)I1 + 62 UPxI1 + [53 H:)\/1 + [54 1\/[1%51 + B5 LT()1 + [36 IVR1 + 67 Gv]:)P1 + € (3)

4. Results

According to the correlation coefficients (Table 2), there is a significant (p < 0.05)
negative relationship between BEV adoption and power distance, and wealth per capita is
strongly and positively associated with the sales of electric cars (p < 0.001). As suggested by
Hofstede [56], power distance is negatively (p < 0.001), whereas individualism positively
relates to wealth (GDP per capita) (p < 0.001).

Table 2. Pearson product-moment coefficient correlations (n = 21).

BEV PDI UAI IDV MAS LTO IVR GDP
BEV 1
PDI —0.49 ** 1
UAI —0.25 0.41* 1
1DV 0.19 —0.72 *** —0.48 ** 1
MAS —0.36 0.23 0.07 0.02 1
LTO 0.29 0.15 0.08 —0.25 0.18 1
IVR -0.28 —-0.39 * —0.16 0.48 ** —0.08 —0.59 *** 1
GDP 0.63 *** —0.76 *** —0.02 0.57 *** —-0.22 0.06 0.31 1

Notes: ***: significant at 0.001 (p < 0.001), **: significant at 0.05 p-level, *: significant at 0.1 p-level.

We estimated eight regression models, four for 2019 and four for 2020. After testing
the effect of GDP per capita, estimates for Hofstede’s 4-dimension (4D) [19], 5-dimension
(5D) [97], and 6-dimension (6D) [20] models were calculated in both years. The F-tests of
overall significance indicate that the regression models fit the data. The variance inflation
factor (VIF) values indicate that multicollinearity is not a significant concern. VIF scores
remain below the maximum acceptable level of 10 [98] and are even less 5 [99]. Doornik-
Hansen (DH) tests [100] for normality of residuals are acceptable at the 0.05 p-level. We
also calculated correlation coefficients between residuals and independent variables, which
show that all independent variables are uncorrelated with the error term (p > 0.05).

Statistical power analyses were performed using the G*Power 3.1 software to obtain
the probability of correctly rejecting a false null hypothesis [101]. The results in Table 3
show that the lowest adjusted R? values are 0.54 (M1) and 0.79 (M2). The generally accepted
level of the power is 0.8. However, using these adjusted R? values, we obtained values of
0.988 and 0.998 for statistical power. Hence, regardless of the small sample size (1 = 21),
our models provide enough power to draw appropriate statistical conclusions.
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Table 3. Estimates of the OLS regression models.

DV: BEV
2019 2020
IVs: M1 M2(4D) M3(5D) M4(6D) M5 M6(4D) M7(5D) M8(6D)
Constant ~ —36.34*%  —26.14** 2272  _]974%  _D597%*  _3508%  _3]33%  _3344%
(—4.83) (—5.92) (—7.01) (—4.03) (—6.23) (—8.87) (~7.97) (—7.05)
PDI 0.03 0.03 0.06 0.06 *** 0.02 0.03
(1.17) (1.54) (0.96) (3.44) 1.77) (1.68)
UAI —0.09 *** —0.06 *** —0.06 *** —0.05 *** —0.03 *** —0.03 ***
(—6.28) (—4.79) (—3.57) (—4.60) (—4.11) (—4.13)
IDV —0.07 *** —0.03* —0.01 —0.01 —0.01* ~0.01
(—5.05) (—2.03) (—0.05) (—0.85) (—1.78) (—0.24)
MAS —0.01 —0.03 *** —0.04 * —0.03 *** —0.02 ** —0.02 ***
(—1.19) (—4.47) (—2.85) (—3.93) (—3.76) (—3.13)
LTO 0.03 *** —0.01 0.01 ** —0.01
(3.48) (—0.05) (2.27) (—0.24)
IVR —0.11 *** —0.03 ***
(—11.28) (—3.50)
GDP 3.44 3.32 2.62 2.94 4 2.60 *** 3.70 **+* 3.35 3.74 4
(4.97) (8.01) (8.14) (4.03) (6.38) (10.39) (10.08) (9.20)
R2 0.56 0.84 0.97 0.99 0.68 0.95 0.97 0.99
Adj. R? 0.54 0.79 0.95 0.99 0.66 0.93 0.96 0.97
F-value 24.6 15.8 *+* 67.3 *** 544.3 *** 40.7 **+* 61.3 ** 104.4 ** 133.0 ***
max(VIF) - 417 433 433 - 414 429 431
DH-test 2.901 4.094 7.694 % 6.573 ** 1.013 1.547 1.385 1.177
Obs. 21 21 21 21 21 21 21 21

Notes: Heteroscedasticity robust (HAC) t-statistics of the standard errors are in parentheses. DV: dependent
variable, IVs: independent variables. ***: significant at 0.001 (p < 0.001), **: at 0.05 p-level, *: at 0.1 p-level.

Regression coefficients in Table 3 indicate that GDP per capita is a consistent and
robust predictor (p < 0.001) of BEV adoption; hence its inclusion in the models has been
justified. The finding that more well-off societies are more likely to adopt electric cars is not
surprising. According to recent research in the EU [102], EV sales strongly correlate with
the standard of living. Even in Norway, the country with the highest BEV market share in
the world (54% in 2020), EV ownership is increasing with consumers’ wealth, income, and
education [103].

We also estimated coefficients for the dimensions of national culture. When accounting
for wealth, except for one model (M6), the effect of power distance (PDI) is insignificant
(H1 is not supported). This result is unexpected as power distance is linked in the literature
with higher wealth, lower innovativeness [75], and lower sustainability [54]. Correlation
coefficients in Table 2 also indicate a two-way linear association between PDI and BEV
sales; however, after controlling for GDP per capita this link diminishes. In China, for
example, both power distance and EV market share are relatively high.

As shown in Table 3, uncertainty avoidance (UAI) strongly and negatively impacts
BEV sales (H2 is supported), which resonates with prior findings that suggest a positive
association between uncertainty acceptance and innovativeness [104]. In our sample,
Sweden, China, and the UK have the lowest UAI scores, and all these countries have a
relatively high BEV market share.
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Individualism (IDV) has a significant negative impact on BEV sales; however, its
effect fades when IVR is introduced to the analysis (IDV and IVR are moderately and
positively correlated). The literature is conflicting regarding the role of individualism in EV
adoption. Some studies (e.g., [62,82]) associate consumer innovativeness and environmental
consciousness with individualistic cultures. Others (e.g., [65,660]) show that collectivism
influences environmentally friendly behaviours positively. Individualism is prone to be
dominant in richer and Western countries, while collectivism prevails in less developed
and Eastern countries [56]. We accept H3 based on the estimates of Model 2, 3, and 7.

Masculinity (MAS) has a significant negative impact on BEV sales, as indicated by
the coefficients in Table 3 (H4 is supported). Consistent with the extant literature, less
masculine cultures are more likely to shift their preferences from traditional cars to electric
vehicles. Feminine values, such as empathy and modesty, resonate with the concept of
environmental awareness. A recent study conducted in Belgium, Italy, and Denmark [105]
also found that women are less self-oriented than men and hence are more likely to develop
an environmental self-identity [106]. Kawgan-Kagan [107] suggest that a gender-sensitive
perspective is needed to increase the spread of EVs, and our finding also supports this view.
In our sample, Norway, the Netherlands, and Sweden are the most feminine cultures, and
these nations also have the highest BEV rates.

Long-term orientation (LTO) has a positive and significant impact in the 5D models
(M3 and M7); hence, H5 is supported. However, LTO becomes insignificant when indul-
gence (IVR) is added, probably because LTO and IVR are moderately related to each other.
These two recently established cultural dimensions received insufficient interest so far
in the literature. The finding that long-term orientation (LTO) has a positive impact is
reasonable as the benefits of transitioning to environmentally friendly technologies are
mainly realised by future generations.

Indulgence versus restraint (IVR) measures the extent to which people in a society
feel to be free to enjoy life without restraints and regulations. In contradiction to H6,
indulgence has a strong negative impact on BEV sales, as shown by Model 4 and 8 (H6 is
rejected). While prior findings (e.g., [10]) indicate that indulgent societies are more open
to new technologies and environmental concerns, surprisingly, the results show that BEV
consumption is significantly higher in more restrained cultures. Consumers in indulgent
cultures may feel that electric cars constrain free travelling because of a lower driving range,
longer charging times, and a need for carefully planning routes [108]. Escandon-Barbosa
et al. [109] show that people in indulgent societies are more anxious and stressed when
they have to face a decision to adopt new technologies. Higher perceived costs in terms of
altering travel habits and higher anxiety about the buying decision may lead to lower EV
growth rates in more indulgent societies.

5. Conclusions

In this paper, we examined the impact of national culture on the adoption of electric
vehicles (EVs). We aimed to contribute to the research on the factors influencing country
differences in EV market share and market development. We covered a relatively large
sample of countries, included several cultural dimensions, and tested relationships in two
consecutive years (2019 and 2020) to provide more generalizable and robust results and a
better understanding of the cross-country differences in the adoption of electric cars. Prior
research on the link between culture and the adoption of eco-innovations typically involve
only one or a handful of countries. Six hypotheses were tested based on Hofstede’s model
of national culture using battery electric vehicle (BEV) market share as a dependent variable.
We found that culture significantly influences BEV sales, which are more pronounced in
countries where cultural values are more conforming to the functional, innovative, and
environmental benefits of purchasing and using electric cars. In addition to higher per
capita wealth, societies characterised by lower uncertainty avoidance (lower stress when
facing the future), collectivism (prioritizing the needs of the group), femininity (more
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modest and caring), long-term orientation (focusing on the future), and restraint (control of
desires) are more likely to adopt BEVs.

Our paper has several theoretical contributions. We extended prior research that
studied the role of policy incentives and socio-economic factors [8] by providing empirical
evidence on the impact of culture on EV market development. The study determined
that uncertainty avoidance, masculinity vs. femininity, individualism vs. collectivism,
and indulgence vs. restraint have a significant impact on the adoption of battery electric
vehicles. Only when cultural impacts are understood, it will be possible to increase EV
sales and improve the quality of living, especially in urban areas, by reducing local and
global emissions and noise exposure. While we focused on EVs, we also contribute to a
better understanding of consumer behaviour and the decision-making process regarding
eco-innovations as emphasised by Karakaya et al. [110]. Examining interactions between
culture and other aspects of “sustainability transitions”, such as technology, policy, and
economics, provides better insights about the diffusion process of eco-innovations. The
relationship of eco-innovations and culture are reciprocal, as innovations can also change
social norms, cultural values, and institutional structures [111].

From a practitioner perspective, findings assist marketers of alternative-fuel vehicles
in formulating marketing communication and marketing strategies. Wang and Bansal
adopted [112] Hofstede’s dimensions of culture to conduct a meta-regression analysis
through 170 studies and found that marketers need to apply a fine-grained approach to
relationship marketing because of the high level of heterogeneity across different cultural
dimensions. When making a purchase, consumers consider costs and benefits. However,
much of the benefits of EVs are societal (e.g., reducing local pollution and greenhouse
emissions), while the costs are mostly born by the car owner in terms of higher price, lower
driving range, and the limited availability of the recharging infrastructure. In addition
to supportive national policies, to increase the rate of diffusion, competent marketing is
needed throughout the stages of the adoption process [48], while taking national cultural
values into consideration. For example, marketing messages in uncertainty-avoidant
cultures need to address the risks and anxieties of owning an EV, such as consumers’ lack
of experience using the technology and especially “range anxiety” [113] associated with
an ambiguous driving range and the availability of charging infrastructure [114]. Norway,
for example, created a very dense charging network to decrease the fear of being stuck in
an isolated region in the winter [115]. An alternative eco-friendly technology, fuel cells
vehicles (FCVs), may be more appealing to consumers with range anxiety or ones who
cannot charge their vehicle from home [116]. FCVs can become a major competitor to BEVs,
as they have lower life-cycle emissions, run higher ranges, and require a shorter time to
refuel [117]. In masculine cultures, on the other hand, marketers should pay attention to
men’s attraction to state-of-the-art technologies. EVs can be portrayed as both feminine and
masculine, depending on whether the emphasis is put on practicalities (e.g., convenient
places for packing) or on power, speed, and displays of wealth [80]. Cultures change slowly,
but the rapid development of EV technology and decreasing overall costs [118] are likely to
improve consumer attitudes in countries where cultural values are not yet EV friendly.

A key limitation of our study is the cross-sectional nature of the collected data. A longi-
tudinal study may eliminate the data uncertainty and show how changes in culture impact
the adoption of sustainable ways of transportation and other types of eco-innovations over
time. However, as national culture is an institutional factor [119], a longitudinal analysis is
not easy to implement. Another limitation is that we used only one control variable, per
capita income, as recommended by Hofstede. GDP per capita is a complex measure that
captures a variety of confounding factors, such as living standards and relative costs of us-
ing the technology; therefore, it does not precisely measure the total cost of ownership [120],
including the ease of charging and electricity prices in different countries.

Further research can focus on how various cultural dimensions influence adoption
behaviour in other markets for eco-innovations related to grand challenges such as zero-
emission, zero-plastic, or zero-pesticides. More attention should be paid to the decarbonisa-
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tion of other critical sectors such as aviation, shipping, road freight, and industry through
demand reduction [121]. Our research covered the six dimensions of culture as defined
by Hofstede et al. [56]; hence, further research can focus on a specific dimension. When
a smaller number of cultural dimensions are studied, other explanatory variables (e.g.,
indices related to national innovativeness and environmental consciousness) and even
interactions can be added to the research, which may provide a more nuanced picture for
theoretical development and for EV marketers. Similar studies can be performed at the
“micro” level to test cultural values at the individual level involving some other potential
factors influencing consumer behaviour such as marketing stimuli, consumer psychology,
or the stages of the buying decision process. Lastly, a longitudinal study may show how
changes in culture impact the adoption of sustainable ways of transportation and other
types of eco-innovations over time.
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