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Abstract: The automotive industry today faces three major transitions: the emergence of autonomous
driving, electric powertrain replacing the internal combustion engine, and changes in possession of
automobiles, e.g., increased usage of car sharing. As all three transitions are fostered by technologies
that drive digital transformation of automobiles, the Technology Acceptance Model (TAM) by
Davis represents the underlying research model of this paper. Hypotheses are developed and
tested for a sample of 1177 participants using Partial Least Squares Structural Equation Modeling
(PLS-SEM). Group differences are investigated for three markets: Europe, North America, and
China. The paper confirms the underlying assumptions of the Technology Acceptance Model in the
context of automobiles. Further, it illustrates influential societal norms and individual experiences
for technology acceptance. In addition, compound effects for technology acceptance are found,
e.g., the perceived enjoyment of electric driving affects the acceptance of autonomous driving and
car possession behavior. The novel approach to integrate three different technologies within the
Technology Acceptance Model requires unifying items to a level which makes them comparable,
limiting the results for each individual technology. For practice, automotive manufacturers obtain
advice on how to foster technology acceptance. For society, the paper uncovers the role of societal
norms for technology acceptance in the context of automobiles. Policy makers can obtain insights on
how to successfully increase technology acceptance, e.g., for environmental purposes. Conclusively,
the paper applies the Technology Acceptance Model for three developments in the context of
automobiles, thereby extending current research using the Technology Acceptance Model.

Keywords: autonomous driving; battery electric vehicles; car sharing; technology acceptance model;
cross-market comparison

1. Introduction

Ever since the development of the first automobile, automotive technologies have been subject to
substantial technological progress. A multitude of technologies has been introduced in the technological
history of the automobile, that had to be introduced and accepted by the customers [1–5].

Automobiles have taken a central role in the majority of societies worldwide, providing, above
mobility, a certain level of freedom, while often serving as a status symbol. Despite the popularity of
automobiles, they represent a major cause of ecological and social concerns [2,3]. Therefore, sustainable
mobility solutions are required for, e.g., reducing accidents, environmental impact, road congestion, or
parking space required [4,5].

Since the demand for automobiles is predicted to continue in industrialized nations and expand
in emerging markets, more efficient and more sustainable automobile solutions are increasingly
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encouraged by regulatory policies worldwide [6,7]. The policies and resulting dynamics lead to a
paradigm shift in the automotive industry, including, e.g., autonomous vehicles (AV), battery electric
vehicles (BEV) and car sharing (CS). However, despite the availability of an increasing range of
Autonomous Vehicles, Battery-electric Vehicles, and Car Sharing solutions, automobiles that are fully
controlled by a driver, powered by fossil fuels, and privately owned are still dominating streetscapes
worldwide [8–12]. So far, market shares of Battery-electric Vehicles are still marginal with the exception
of lead markets such as Norway or city centers [13–15].

The current technological developments in the automotive industry are particularly relevant
for traditional incumbent manufacturers who are facing an increasingly competitive market: New
automotive manufacturers, such as Tesla and Build Your Dreams, technology companies like Google
and Apple, and mobility service providers, such as Zipcar, enter the industry [10,12,16,17]. These
new entrants, as well as established car manufacturers, are increasingly placing the development
and marketing of Autonomous Vehicles, Battery-electric Vehicles, and Car Sharing at the heart of
their corporate strategy, despite facing little acceptance by many customers [13,15–21]. Therefore, it is
paramount to understand what factors determine the consumer acceptance of the three technologies, and
to what extent differences exist between markets worldwide. In return, this allows to develop vehicles
and market strategies that may encourage a wider customer acceptance of the technologies [2–5,8,22].

In current literature, several studies investigate factors that determine adoption of Battery-electric
Vehicles, e.g., Junquera et al. [13], Moons and de Pelsmacker [18], Plötz et al. [19], and
Schuitema et al. [15], or Payre et al. [20], as well as Haboucha et al. [21] in the case of Autonomous
Vehicles. However, a holistic understanding, comparing several technologies that are relevant for
automobiles in the future, cannot be found in extant literature.

In the case of Car Sharing, although it does not represent a technology as such, it is mainly
technology-enabled through digital technologies, e.g., social media or apps on mobile devices.
The further unfolding of Car Sharing can therefore be traced to the emergence of these technologies [4,10].

For comparing Autonomous Vehicles, Battery-electric Vehicles, and Car Sharing in a common
research design, two reasons can be stated: First, to establish a comparison of all three technologies
and their acceptance factors. Second, all three technologies might influence each other: If a car is no
longer powered by an internal combustion engine, potentially reducing the perceived enjoyment of car
driving as a Battery-electric Vehicles, customers might be more willing to accept autonomous driving
or even are less eager to own the car themselves [3,8].

As a methodological framework, the Technology Acceptance Model (TAM) by Davis [1] was
chosen and extended by established influential factors in TAM research. Further, the study aims
for establishing a cross-cultural comparison, as cultural or market-related differences represent a
major influence on technology adoption factors [22,23]. In summary, the present paper addresses the
following research question:

What are factors for technology adoption regarding Autonomous Vehicles (AV), Battery electric vehicles (BEV),
and Car Sharing (CS), differentiated in an international comparison?

To answer this research question, an international sample of 1177 respondents was chosen,
mainly comparing the three markets of Europe, China, and North America. Twelve hypotheses are
tested. In addition to the established variables of the TAM, the paper places special emphasis on the
environmental attitudes and the willingness to protect those of the respondents. Further, the paper
testes the influence of their personal openness to new innovations.

Out of the twelve hypotheses developed, only one hypothesis is not confirmed for any technology
or region: The influence of environmental protection on the objective usability of a technology. Further,
the paper uncovers several technology-specific or region-specific differences. For instance, the paper
finds that one’s motivation towards environmental protection has a positive influence on the perceived
enjoyment of a Battery-electric Vehicles and Car Sharing in Europe and North America, but not for
Autonomous Vehicles. In China, this positive influence in significantly lower in the case of Car Sharing
and even not significant for Battery-electric Vehicles.
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The rest of this paper is structured as follows: Section 2 describes the hypothesis development.
Section 3 describes data and measures and Section 4 presents the results, which are discussed in
Section 5. Section 6 concludes the paper from a theoretical and managerial viewpoint.

2. Hypothesis Development

The research model and the hypotheses developed are based on the original TAM by Davis [1] (H1
to H4), its extension TAM 3 by Venkatesh and Bala [24] (H5 to H8), and personal values and attributes
related to environmental protection and innovativeness (H9 to H12). Figure 1 subsumes the research
model and hypothesis developed, which are further described below.
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Figure 1. Research model and hypotheses.

The original TAM developed by Davis [1] and the later versions of the framework highlight the
central roles of the Perceived Usefulness (PU) and the Perceived Ease of Use (PEOU) of a technology
as predictors of an individual’s Attitude Towards Using (ATU) and Behavioral Intention to use (BI)
a technology. This model builds on the Theory of Planned Behavior and the Theory of Reasoned
Action [23–25]. The general underlying relationships within the TAM have been confirmed for a
multitude of technologies [26].

Previous research in the context of automobiles, such as Hengstler et al. [27], Hidrue et al. [28],
or Jiang [29], confirm the central role of those core factors for technology adoption in the context of
automobiles. Thus, the following hypotheses are suggested:

Hypothesis 1 (H1). The Perceived Usefulness of the technology has a positive influence on the Attitude Towards
Using.

Hypothesis 2 (H2). The Perceived Ease of Use of the technology has a positive influence on its Perceived
Usefulness.

Hypothesis 3 (H3). The Perceived Ease of Use of the technology has a positive influence on the Attitude
Towards Using.

Hypothesis 4 (H4). The Attitude Towards Using of the technology has a positive influence on the Behavioral
Intention to Use.

In the TAM3, an extension of the original TAM by Venkatesh and Bala [24], the Perceived Enjoyment
(PE) of a technology has been found to influence the Perceived Ease of Use of a technology. Further
studies have found evidence that the factor also impacts the Perceived Usefulness of a technology.
Even pro-environmental and innovative users have been found to consider both the environmental
impacts of their consumption and the enjoyment of technologies [24,30–32].
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Empirical evidence for the positive relationship of Perceived Enjoyment of a technology on
consumer acceptance has been found in the context of Battery-electric Vehicles and for eco-innovations
in general [15,33]. Similarly, future users of Autonomous Vehicles may perceive the usage of the
technology to be less enjoyable as the vehicles are no longer controlled by a person and Car Sharing
users may perceive the usage of mobility on demand to be less enjoyable. Therefore, the following
hypotheses are postulated:

Hypothesis 5 (H5). The Perceived Enjoyment of the technology has a positive influence on its Perceived
Usefulness.

Hypothesis 6 (H6). The Perceived Enjoyment of the technology has a positive influence on its Perceived Ease
of Use.

The Objective Usability (OU) of a technology has equally been integrated in previous studies,
representing a predictor of the Perceived Usefulness and Perceived Ease of Use of a technology [34].
An enhanced usability can serve to remove so-called “access barriers” to use a technology [35–37]. In
the context of eco-innovations and Battery-electric Vehicles alike, it has been found that the Objective
Usability of a technology affects the consumer acceptance of a technology [38–40]. Thus, the following
hypotheses are proposed:

Hypothesis 7 (H7). The Objective Usability of the technology has a positive influence on its Perceived
Usefulness.

Hypothesis 8 (H8). The Objective Usability of the technology has a positive influence on its Perceived Ease of
Use.

In addition to the original TAM and its extensions introduced in the TAM3, previous research has
shown that the consumer acceptance of the automobile solutions is also affected by one’s Attitude
Towards Environmental Protection (ENV) as well as one’s Innovativeness (INV). However, both factors
have scarcely been included in existing studies on technology acceptance. The majority of extant studies
describe early adopters of the technologies as individuals who tend to be more pro-environmental
and innovative than the average consumer [41]. Both constructs address aspects such as technology
anxiety [42,43], innovation ecosystem, and public opinion [44,45], as well as innovation resistance and
trust [26,46]. In the case of automobiles, a more positive perception and higher adoption rates among
innovative consumers indicate that the factors have a positive effect on the Perceived Usefulness and
Perceived Ease of Use [27,47–49]. Therefore, the following hypotheses are suggested:

Hypothesis 9 (H9). Attitude towards Environmental Protection has a positive influence on the Perceived
Enjoyment of the technology.

Hypothesis 10 (H10). Attitude towards Environmental Protection has a positive influence on Objective
Usability of the technology.

Hypothesis 11 (H11). Innovativeness has a positive influence on the Perceived Enjoyment of the technology.

Hypothesis 12 (H12). Innovativeness has a positive influence on the Perceived Ease of Use of the technology.
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3. Data and Measures

3.1. Sample and Data Collection

The empirical data of the present study were obtained through an online survey distributed among
students, personal contacts as well as social media, beginning in 2016. Out of 1276 questionnaires
obtained, 1177 were included. As for the rest more than 5% of data was missing.

In the final sample of 1177 respondents, 65 per cent are males and the average age of respondents is
38.1 years, ranging between 16 and 90 years. Out of 1177 respondents, 664 respondents are from Europe,
291 from China, and 116 from North America, i.e., the USA and Canada. The 104 further respondents
mainly derive from Asia and Australia, as well as Central and Southern America. 62 per cent of the
respondents live in urban or suburban areas, 8 per cent of the respondents own a Battery-electric
Vehicles, and 5 per cent a hybrid vehicle.

3.2. Measures

After a short introductory section to all three technologies, the respondents were asked to rate
the items provided. All constructs were measured through multiple items on a 7-point Likert scale,
ranging from 1 (strongly disagree) to 7 (strongly agree), using reflective scales [50].

On the one hand, the measurement items were adopted from the original TAM or its extension,
the TAM 3. On the other hand, scales were refined using established TAM studies in the field of
automotive technologies [19,23–25,38,51–63]. This is especially true for the items relating to the attitude
towards environmental protection and the innovativeness, as those have scarcely been integrated in
TAM research [19,51–53].

In addition to English, five language versions were added to enable participants worldwide
to complete the survey. Each language version of the survey was translated by native or bilingual
speakers. The final version of the survey was available in German, English, Spanish, French as well
as simplified and traditional Chinese. Before the survey, a pretest was conducted in order to ensure
conceptual equivalence of terms. Table 1 shows the measurement items used.

Table 1. Measurement items.

Construct Item Adapted from

Attitude towards Environmental
Protection (ENV)

I consider the potential environmental impact of
my actions when making many of my decisions.

Plötz et al. [19]; Roberts [51]I am willing to be inconvenienced in order to take
actions that are more environmentally friendly.

To me, it is important to drive a car that harms
the environment as little as possible.

Innovativeness (INV) I keep myself informed about recent automobile
product developments.

Plötz et al. [19]; Seebauer [52];
Wolf and Seebauer [53]

I like to deal with automobiles in more detail than
their basic functions would require.

I like to give technical innovations a trial, even if
they are not widely used yet.

Perceived Enjoyment (PE)
I would find using Autonomous

Vehicles/Battery-electric Vehicles/Car Sharing to
be enjoyable.

Bruner and Kumar [54]; Venkatesh
[55]; Venkatesh and Bala [24]

Owning/ using Autonomous
Vehicles/Battery-electric Vehicles/Car Sharing

would make my life more interesting.

Using Autonomous Vehicles/Battery-electric
Vehicles/Car Sharing will give more enjoyment

than traditional cars.
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Table 1. Cont.

Construct Item Adapted from

Objective Usability (OU)

I would have access to the financial and
non-financial resources that are required to use

Autonomous Vehicles/Battery-electric
Vehicles/Car Sharing.

Jansson [38]; Plötz et al. [19]
It would be easy to integrate Autonomous

Vehicles/Battery-electric Vehicles/Car Sharing in
my mobility environment.

Using Autonomous Vehicles/Battery-electric
Vehicles/Car Sharing would be compatible with

my daily routine.

Perceived Usefulness of
Autonomous Vehicles (PU AV) Autonomous vehicles . . .

... have the potential to make driving a car safer.

Fagnant and Kockelman [56];
Lee et al. [57]; Wadud et al. [58]

... lead to insurance premium reductions.

... provide better access to mobility to people
(e.g., children, the elderly) with a limited ability

to drive.

... produce fewer emissions.

... contribute to a better traffic flow.

... allow passengers to save time as the cars
would park themselves.

... allow all passengers to focus on things other
than driving the car. A driver would be no longer

required.

Perceived Usefulness of
Battery-Electric Vehicles (PU BEV) Battery-electric Vehicles . . .

... have the potential to make driving a car safer.

... enable a dynamic driving experience.

Hidrue et al. [27]; Kihm and
Trommer [59]; Plötz et al. [19]

... can drive quietly.

... do not produce any harmful emissions.

... the expenses for recharging the car are lower
than for refueling a traditional car.

... the maintenance costs are lower.

... allow the owner to benefit from tax reliefs.

... can be powered by renewable energy.

Perceived Usefulness of Car
Sharing (PU CS) Using car sharing . . . .

... one is only charged for using a car when
actually driving the vehicle.

Firnkorn and Müller [60];
Habib et al. [61]; Weikl and

Bogenberger [62]

... parking spaces can be used in a more effective
and less expensive manner.

... contributes to a greener city by eliminating the
need to own a (second) vehicle.

... people can rent a car whenever they actually
require a vehicle.

... users can always rent new cars.

... users are not required to service and maintain
the car.

... it contributes to a better combination of
different modes of transport.
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Table 1. Cont.

Construct Item Adapted from

Perceived Ease of Use (PEOU)
I would not need help (car manual, driving

training, product demonstration) to Autonomous
Vehicles/Battery-electric Vehicles/Car Sharing. Davis [1]; Davis et al. [23];

Venkatesh and Davis [25];
Venkatesh et al. [63]

Learning to operate/hire Autonomous
Vehicles/Battery-electric Vehicles/Car Sharing

would be easy for me.

My interaction with Autonomous
Vehicles/Battery-electric Vehicles/Car Sharing

would be clear and understandable.

Attitude Toward Using (ATU) I like the idea of using Autonomous
Vehicles/Battery-electric Vehicles/Car Sharing.

Davis et al. [23];
Venkatesh et al. [63]

I think that using Autonomous
Vehicles/Battery-electric Vehicles/Car Sharing is

beneficial to me.Using Autonomous
Vehicles/Battery-electric Vehicles/Car Sharing is

very good policy.

Behavioral Intention to use (BI)
Assuming I had access to Autonomous

Vehicles/Battery-electric Vehicles/Car Sharing, I
would intend to use it.

Davis et al. [23]; Plötz et al. [19];
Venkatesh and Bala [24];

Venkatesh and Davis [25];
Venkatesh et al. [63]I will use Autonomous Vehicles/Battery-electric

Vehicles/Car Sharing on a regular basis in the
next 5 to 10 years.

3.3. Data Analysis and Validation of the Measurement Model

The hypotheses developed in Section 2 were evaluated through variance-based Partial Least
Squares Structural Equation Modeling (PLS-SEM) [64,65] using Smart PLS 3.0 [66], as offering high
statistical accuracy for relatively small sample sizes, as required for multi-group analysis among
different regions intended [67–69]. The measurement model was evaluated before interpreting the
path coefficients and assessing the significances by bootstrapping at structural model level [67].
A bootstrapping procedure with 5000 samples was used, while sign changes during the bootstrapping
process were not accepted [70].

For indicator reliability, a threshold of 0.7 was applied for factor loadings [71]. Loadings above
0.5 were accepted, if other items measuring the same construct had significantly higher reliability
scores [64]. Internal consistency reliability was tested, as recommended by Hair et al. [65] for PLS-SEM,
by using composite reliability (CR), applying a threshold of 0.7 [72], achieved by all constructs.
Convergent validity was examined using average variance extracted (AVE), setting an initial threshold
of 0.5, which proved factor loadings to be at an acceptable level for all constructs [73]. All constructs
fulfill this criterion, except Perceived Usefulness (PU) for Battery-electric Vehicles with 0.467, which is
in an acceptable range, shown in Table 2.
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Table 2. Composite Reliability (CR) and Average Variance Extracted (AVE) of constructs.

Construct Technology CR AVE

Attitude towards environmental
protection (ENV) - 0.889 0.727

Innovativeness (INV) - 0.919 0.791

Perceived Enjoyment (PE) Autonomous Vehicles 0.894 0.738
Battery-electric Vehicles 0.904 0.737

Car Sharing 0.894 0.759

Objective Usability (OU) Autonomous Vehicles 0.889 0.728
Battery-electric Vehicles 0.892 0.734

Car Sharing 0.903 0.759

Perceived Usefulness (PU) Autonomous Vehicles 0.880 0.514
Battery-electric Vehicles 0.859 0.467

Car Sharing 0.896 0.553

Perceived ease of use (PEOU) Autonomous Vehicles 0.818 0.611
Battery-electric Vehicles 0.831 0.631

Car Sharing 0.810 0.609

Attitude towards using (ATU) Autonomous Vehicles 0.958 0.883
Battery-electric Vehicles 0.944 0.849

Car Sharing 0.911 0.773

Behavioral Intention to use (BI) Autonomous Vehicles 0.904 0.759
Battery-electric Vehicles 0.918 0.788

Car Sharing 0.951 0.866

Concerning discriminant validity, also addressing possible unintended cross-loadings, the
heterotrait–monotrait (HTMT) criterion was applied, providing better reliability for PLS-SEM than the
Fornell–Larcker criterion [74]. As can be obtained from Table A1 in the Appendix A, a conservative
threshold of 0.85 for the HTMT is fulfilled in all cases [75].

Common method bias [76,77] was addressed by the established method for variance-based
PLS-SEM, multicollinearity testing [66]. As all variance inflation factors (VIF) are below a threshold of
five, the chance common method variance can be ruled out [66].

4. Results

In the following, Figure 2 shows the path coefficients within the research model for Autonomous
Vehicles, Battery-electric Vehicles, and Car Sharing. All paths shown fulfill p < 0.001, whilst paths with
p > 0.05 were considered as not significant. Statistically not significant paths can only be found for
relationships including the Attitude towards environmental protection (ENV) and Innovativeness
(INV) as personal attributes. Interestingly, control variables tested (age and gender) proved to be not
significant influences. Only the Perceived Ease of Use decreases with age, but not at p < 0.05, but only
at p < 0.1, which is why these control variables were not considered further.
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Figure 2. Results. Note: n.s. = not significant.

Regarding R square values, Perceived Enjoyment (PE) (AV: 0.140, BEV: 0.247, CS: 0.207) and
Objective Usability (OU) (AV: 0.199, BEV: 0.209, CS: 0.114) show low R square values, relating to the
partially insignificant relationships of Attitude towards environmental protection and innovativeness.
For Perceived Usefulness (PU) (AV: 0.281, BEV: 0.464, CS: 0.372) and Perceived Ease of Use (PEOU)
(AV: 0.259, BEV: 0.311, CS: 0.368), R square values are on a medium level. For the Attitude Towards
Using (ATU), R square values are moderate to high (AV: 0.507, BEV: 0.458, CS: 0.466). For Behavioral
Intention to Use (BI), R square values are high for all three technologies (AV: 0.552, BEV: 0.530, CS:
0.503).

In the following, the twelve hypotheses are evaluated. Only those technology-specific or
region-specific differences that are noticeable are referred to, which all fulfill p < 0.05. Composing the
three major regions within the sample, region-specific differences are investigated for Europe, China,
and North America.

H1, suggesting that the Perceived Usefulness of the technology has a positive influence on the
Attitude Towards Using, is confirmed for all three technologies and is on a comparable level for
Autonomous Vehicles, Battery-electric Vehicles, and Car Sharing. The empirical results do not indicate
differences between Europe, China, and North America for H1.

H2, stating that the Perceived Ease of Use of the technology has a positive influence on its Perceived
Usefulness, is also confirmed for Autonomous Vehicles, Battery-electric Vehicles, and Car Sharing on a
comparable level. This relationship is noticeably stronger for Autonomous Vehicles for North America
(β = 0.351), in comparison to Europe (β = 0.176). The same applies for Battery-electric Vehicles, where
the positive relationship is much stronger for North America (North America: β = 0.390; Europe:
β = 0.113; China: β = 0.098). On the contrary, for Car Sharing, the relationship is not significant for
North America, which is in contrast to the findings for China (β = 0.269) and Europe (β = 0.237).

H3, claiming that the Perceived Ease of Use of the technology has a positive influence on the
Attitude Towards Using, is supported on a comparable level for all three technologies. Comparable to
H2, for North America, this relationship is significantly stronger for Autonomous Vehicles (β = 0.435)
and Battery-electric Vehicles (β = 0.424) than in comparison to Europe (β = 0.296 (AV); β = 0.285(BEV))
and China (β = 0.231 (AV); β = 0.147 (BEV)). Regarding Car Sharing, the positive relationship between
Perceived Ease of Use and the Attitude Towards Using is stronger in Europe (β = 0.427), in comparison
to China (β = 0.204) and North America (β = 0.291).

H4, stating that the Attitude Towards Using of the technology has a positive influence on the
Behavioral Intention to Use, is supported. For China, this relationship is lower for Autonomous
Vehicles (β = 0.553), Battery-electric Vehicles (β = 0.406), and Car Sharing (β = 0.653) than for Europe
and North America.

H5, stating that the Perceived Enjoyment of the technology has a positive influence on its Perceived
Usefulness, is confirmed for all three technologies. It has a stronger relationship for Battery-electric
Vehicles (β = 0.487) than for Autonomous Vehicles (β = 0.318) and Car Sharing (β = 0.206). However,
no region-specific differences can be found.
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H6, claiming that the Perceived Enjoyment of the technology has a positive influence on its
Perceived Ease of Use, is supported for all three technologies. It has a stronger relationship for Car
Sharing (β = 0.434) than for Battery-electric Vehicles (β = 0.382) and Autonomous Vehicles (β = 0.286).
Whereas this relationship is weaker for China in the case of Autonomous Vehicles (β = 0.164) and
Car Sharing (β = 0.230), the relationship is stronger for Battery-electric Vehicles in North America
(β = 0.532).

H7, suggesting that the Objective Usability of the technology has a positive influence on its
Perceived Usefulness, is confirmed. However, no clear technology-specific or region-specific differences
can be found.

H8, suggesting that the Objective Usability of the technology has a positive influence on its
Perceived Ease of Use, is supported for all three technologies with a comparable positive relationship.
As found for H7, no technology-specific or region-specific differences can be obtained from the
empirical results.

H9, claiming that Attitude towards Environmental Protection has a positive influence on the
Perceived Enjoyment of the technology, is confirmed for Battery-electric Vehicles and Car Sharing, but
not for Autonomous Vehicles. Interestingly, this relationship is significantly lower for China in the case
of Car Sharing (β = 0.121) and not significant for Battery-electric Vehicles, in contrast to Europe and
North America.

H10, suggesting that Attitude towards Environmental Protection has a positive influence on the
Objective Usability of the technology, is not supported for all three technologies. Hence, H10 is the
only hypothesis not supported.

H11, claiming that Innovativeness has a positive influence on the Perceived Enjoyment of the
technology, is supported for Autonomous Vehicles and Battery-electric Vehicles, but not for Car Sharing.
Further, the empirical data shows no region-specific differences.

H12, proposing that Innovativeness has a positive influence on the Objective Usability of the
technology, is confirmed for all three technologies. It is stronger for Battery-electric Vehicles (β = 0.334)
and Autonomous Vehicles (β= 0.316) than for Car Sharing (β= 0.117). Again, there are no region-specific
differences between Europe, China, and North America.

5. Discussion

The paper confirms the basic assumptions of the TAM by Davis [1] for three technologies within a
common research setting regarding H1 to H4. Hence, the findings are in line with previous consumer
acceptance research in the field such as Hengstler et al. [26], Hidrue et al. [27], and Jiang [28], extending
their findings for Autonomous Vehicles and Battery-electric Vehicles to Car Sharing.

The paper contributes to the understanding of cross-cultural differences in technology adoption [29].
In particular, regarding region-specific differences for H1 to H4, the positive influence of the Perceived
Ease of Use on Perceived Usefulness and Attitude Towards Using is stronger for Autonomous
Vehicles and Battery-electric Vehicles in North America, whereas the opposite applies for Car Sharing.
The Perceived Ease of Use of has a higher influence on the Attitude Towards Using for Autonomous
Vehicles and Battery-electric Vehicles than in comparison to Europe and China. For Car Sharing,
the positive relationship between Perceived Ease of Use and the Attitude Towards Using is stronger
in Europe.

Further, the paper finds a lower relationship between Attitude Towards Using and Behavioral
Intention to Use for China. In this respect, the paper shows a possible avenue for future research,
as Chinese respondents might be willing to use a certain technology, but do not possess the
required resources.

The TAM3 by Venkatesh and Bala [24] highlights the role of a technology’s Perceived Enjoyment
and Objective Usability on its Perceived Ease of Use and Perceived Usefulness, which is confirmed
through H5 to H8 in the context of the three technologies. The paper finds that the influence of the
Perceived Enjoyment on Perceived Usefulness is stronger for Battery-electric Vehicles, especially in
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North America. On the other hand, the influence of the Perceived Enjoyment on Perceived Ease of
Use is stronger for Car Sharing, but weaker in China regarding both, Autonomous Vehicles and Car
Sharing, whereas this relationship is stronger for Battery-electric vehicles in North America.

These findings confirm and extend the theoretical framework by Ha and Stoel [32] and further
previous findings in the context of eco-innovations and Battery-electric Vehicles that also identified the
Perceived Enjoyment of a technology to be imperative for high consumer acceptance levels [15,33].
Hence, the findings emphasize the importance of enjoyment in the context of using automobiles and
that the Perceived Enjoyment is a central factor for adopting automotive technologies.

Moreover, the role of a technology’s Objective Usability on the Perceived Usefulness and the
Perceived Ease of Use can be confirmed, as previous studies highlight the importance of designing
automotive concepts that are compatible with consumers’ existing lifestyles in order to accept a certain
technology [38–40].

Further, the present study makes a contribution by incorporating two constructs which were
rarely in previous TAM studies: Attitude towards Environmental Protection and Innovativeness in
H9 to H12. In the context of Battery-electric Vehicles, several studies consider one’s Attitude towards
Environmental Protection to be a predictor of the consumer acceptance of Battery-electric Vehicles [15,19].
The paper confirms this relationship, as the influence of Attitude towards Environmental Protection on
Perceived Enjoyment is higher for Battery-electric Vehicles and Car Sharing, and not significant for
Autonomous Vehicles.

In China, this relationship is lower for Car Sharing, or even insignificant for Battery-electric
Vehicles. In sum, the Attitude towards Environmental Protection seems to be a less important factor for
Chinese participants than for those in North America and Europe. This indicates that the factors should
also be included in future research frameworks focusing on the consumer acceptance of eco-friendly
and/or innovative technologies. For instance, Chinese respondents might be more focused on catching
up or even leapfrogging technological developments and then achieving environmental benefits, rather
than achieving them right away [78].

On the other hand, the influence of Innovativeness on Perceived Enjoyment and Objective Usability
is higher for Autonomous Vehicles and Battery-electric Vehicles, which is not a counter-intuitive, but a
valuable finding. Further, region-specific differences cannot be found for this relationship.

In sum, automotive manufacturers and mobility providers can utilize the findings described above
in their marketing strategy, as well as for products and services provided for the three technologies
and across regions. This is possible, since the integration of the three technologies within a common
research model makes relationships comparable with each other.

This includes, for instance, a higher importance of Perceived Enjoyment for Battery-electric
Vehicles regarding Perceived Usefulness than for Autonomous Vehicles and Car Sharing. In return,
highlighting and emphasizing as well as improving the Perceived Enjoyment of Battery-electric
Vehicles is advised for car manufacturers in order to increase customers’ Perceived Usefulness of
the technology. This relates to marketing strategies as well as to experiences customers make with
Battery-electric Vehicles.

On the other hand, Perceived Enjoyment as an antecedent for the Perceived Ease of Use is stronger
for Car Sharing and Battery-electric Vehicles in comparison to Autonomous Vehicles. Therefore,
linking enjoyment and user-friendliness of Car Sharing can be advised for mobility providers. Further,
especially the acceptance of Battery-electric Vehicles can be supported in North America in this manner.

Likewise, Innovativeness as antecedents for Autonomous Vehicles and Battery-electric Vehicles,
and Attitude towards Environmental Protection for Battery-electric Vehicles and Car Sharing should
be considered. For instance, marketing strategies could target environmental-oriented drivers more
through Battery-electric Vehicles and Car Sharing, while innovation-oriented drivers should rather be
approached via Autonomous Vehicles and Battery-electric Vehicles.

Further region-specific differences can be seen, as for instance, the Attitude towards Environmental
Protection does not show a significant influence on the Perceived Enjoyment for China, in contrast
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to Europe and North America. This might relate to either cultural background, or the beforehand
mentioned different situation on the Chinese automotive market yet in comparison to Europe and
North America.

For Autonomous Vehicles in general, as there is no significant relationship with the Attitude
towards Environmental Protection yet, it is recommended to highlight its environmental advantages.
Among others, more efficient driving, individually and in complex traffic flows, can be achieved,
allowing to prevent traffic jams by more efficient road usage and reducing emissions. These advantages
can complement safety-related advantages of Autonomous Vehicles that could be known better yet.

6. Conclusions

The major contribution of this paper relating to its study design, the integration of three technologies
within a single research setting, is also one of its major limitations: Constructs and measurements
had to be made comparable to each other, therefore not allowing to investigate one of the three
technologies in as much detail as other studies do. This is also related to limitations regarding the
length of the questionnaire, as investigating all three technologies in detail is not feasible and will
lead to many respondents aborting the questionnaire. Therefore, although a common research design
provides many advantages, the technologies must be investigated in more detail in order to advance
the understanding of their acceptance in future research. This also applies for the interdependencies of
certain technologies.

Furthermore, especially Autonomous Vehicles are still at the beginning of their emergence and
can therefore only be evaluated to a certain extent. Although many autonomous features are present
in modern cars, such as lane keeping assistants and autonomous cruise control, fully autonomous
driving in cities is still a concept rather than reality. Therefore, different stages of development might
be integrated in future studies.

Also, the moderating role of several factors such as social status, age, or gender could not be
confirmed on a significant or even strong influential level for this dataset. Therefore, these moderating
could be better integrated in study designs such as conjoint analysis or behavioral research setups
rather than a questionnaire-based survey.

A suggestion for future research is to attempt to better understand and merge the research
streams of providing mobility and the manufacturing of cars, in which car manufacturers both engage.
This relates to research streams such as manufacturing and digitization, often subsumed under the
concepts of “Industry 4.0” or “Made in China 2025”. In order to better understand the entire ecosystem
of car production and mobility solutions, more sustainable solutions as a whole could be created.
This also relates to the fact that a large proportion of emissions is not generated when running cars, but
producing them. This is especially true for Battery-electric vehicles, as well as the integration of further
technical aspects [4–6,79–84].
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Appendix A

Table A1. Discriminant validity.

ATU_(AV)

ATU_(BEV) 0.378
ATU_(CS) 0.260 0.351
BI_(AV) 0.778 0.297 0.117

BI_(BEV) 0.315 0.789 0.216 0.453
BI_(CS) 0.167 0.203 0.777 0.152 0.294
PE_(AV) 0.628 0.340 0.171 0.618 0.301 0.102

PE_(BEV) 0.348 0.767 0.271 0.321 0.716 0.193 0.577
PE_(CS) 0.151 0.220 0.668 0.077 0.209 0.653 0.246 0.401

ENV 0.057 0.310 0.329 0.035 0.283 0.298 0.099 0.339 0.391
INV 0.247 0.231 0.059 0.296 0.356 0.060 0.228 0.356 0.056 0.182

OU_(AV) 0.394 0.168 0.064 0.476 0.180 0.037 0.364 0.153 0.052 0.081 0.362
OU_(BEV) 0.188 0.364 0.109 0.261 0.360 0.036 0.165 0.335 0.050 0.069 0.394 0.730
OU_(CS) 0.123 0.197 0.281 0.155 0.154 0.159 0.090 0.130 0.116 0.043 0.144 0.524 0.698

PEOU(AV) 0.589 0.261 0.076 0.617 0.277 0.036 0.475 0.242 0.033 0.015 0.185 0.462 0.293 0.189
PEOU_(BEV) 0.271 0.565 0.158 0.314 0.597 0.063 0.261 0.540 0.125 0.209 0.206 0.242 0.393 0.239 0.576
PEOU (CS) 0.168 0.137 0.574 0.098 0.164 0.622 0.129 0.156 0.554 0.213 0.017 0.048 0.034 0.114 0.151 0.193

PU (AV) 0.666 0.368 0.266 0.567 0.320 0.132 0.536 0.381 0.141 0.118 0.189 0.417 0.297 0.238 0.507 0.341 0.142
PU_(BEV) 0.318 0.697 0.276 0.299 0.606 0.151 0.386 0.721 0.208 0.374 0.247 0.225 0.399 0.224 0.271 0.519 0.092 0.548
PU (CS) 0.266 0.387 0.611 0.202 0.269 0.385 0.274 0.329 0.352 0.325 0.072 0.159 0.215 0.308 0.161 0.286 0.316 0.460 0.577
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