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Abstract
Purpose – This paper aims to study the automotive 4.0 context to understand the consumers’ propensity
towards high-tech automated cars. The paper analyses the antecedents that lead to the use of innovative
vehicles. Theory of planned behaviour (TPB) is adopted and extended by including further constructs, such
as environmental aspects and inhibitors.
Design/methodology/approach – The advent of smart technologies and the internet of things has
given rise to several contributions that look at consumers’ intention towards innovation adoption in the
automotive industry. Furthermore, this study rises from the growing interest that sustainable mobility
achieved. Based on the previous technology acceptance models and particularly TPB, this paper develops a
structured questionnaire. After a pilot survey, the final questionnaire was administered online through email
and social media in the Italian context. Structural equation modelling technique has been used for analysing
data and testing the conceptual model.
Findings – The number of questionnaires filled out was 310, with a sample composed of young adults,
characterised by different addiction levels towards technology. The results explain the drivers that lead to accept
and adopt high-tech automated vehicles. This topic is still under investigation and offers potential research
opportunities, considering the evolution of the market and the consumers’ habits and needs. Future research
studies in this area should focus on generalising the present findings in other countries. Moreover, once this
technology starts to be adopted, other constructs could be discovered, investigated and included in themodel.
Originality/value – Mobility has raised a growing interest with the fast increasing demand for sustainability
and growth of innovative solutions embedded inmobility. This research explores the TPBmodel’s application and
the relation between its constructs, environmental aspects, inhibitors and intention to adopt automated vehicles.
On this strength, it is possible to identify each construct’s relevance for obtaining social consensus on themarket.

Keywords Innovation, Sustainability, Mobility, High-tech car, Automated vehicles, Environment,
Intention

Paper type Research paper

1. Introduction
The fourth industrial revolution is currently occurring and it was triggered by the
development of information and communications technologies (ICT) with decentralised
control and advanced connectivity (internet of things (IoT) functionalities).
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Growing attention is being paid to the implications of integrating IoT and services
technologies into industrial value creation. This new paradigm of digitised and connected
manufacturing is referred to as “Industry 4.0” and its smart and autonomous production
(Arnold et al., 2016). It enables real-time-capable Internet-based connectedness of people,
machines and objects, as well as information and communication technologies for the dynamic
management of complex business processes (Bauer et al., 2015). Industry 4.0 activates ready
access to data and information on an unprecedented scale (Beard-Gunter et al., 2019).

According to Bauernhansl et al. (2016), Industry 4.0 factory could result in the decrease of
production costs (by 10–30%), logistic costs (by 10–30%) and quality management costs (by
10–20%). However, service innovation is not only related to service productivity. Indeed,
innovation can address customers’ unmet needs, enhancing their service quality assessment
(Parasuraman, 2010). The industry 4.0 approach integrates the business and manufacturing
processes by combining all the actors (suppliers and customers) in the value chain. Hence, it
represents an opportunity, at the industrial level, both for companies, for consumers and for
every field where technology is required (Rojko, 2017). Industry 4.0 is based on embedded
systems with decentralised control and advanced connectivity that collect and exchange real-
time information to identify, locate, track, monitor and optimise the production processes. It
handles a significant amount of data collected from the operations, machines and products.
Typically, the data are stored in cloud storage. They require extensive analytics that leads from
the “raw” data to the useful information and, finally, to the concrete actions that support an
adaptive and continuously self-optimising industrial production process. In this regard, it can
cause privacy and data protection problems, whichmay inhibit these innovative technologies.

Industry 4.0 is linked to “automation”. The Oxford English Dictionary (OED) is described as
“the use or introduction of automatic equipment in a manufacturing or other process or facility” to
replace human labour. TheAutomotive sector is a relevantfield of application, as it has undergone
impressive transformations, such as smart cars equipped with sensors and autopilot (Rojoko,
2017). In this sector, the term “autonomous” has been applied to different automation levels that
gradually eliminate or reduce the necessity of continuous monitoring by humans. Indeed, most
autonomous systems require a driver to perform some specific task (Shladover, 2018).

The International Society of Automotive Engineers (SAE On-Road Automated Vehicle
Standards Committee) (2018) defined six levels of automation from no driving automation
(level 0) to full driving automation (level 5), divided into two parts: the human that monitors
the driving environment (level 0 = no automation, level 1 = driver assistance, level 2 =
partial automation) and the automated systems that monitor the driving environment (level
3 = conditional automation, level 4 = high automation, level 5 = full automation). These
increasing automation levels require three primary actors in driving: the (human) user, the
driving automation system and other vehicle systems and components.

The positive effects of Industry 4.0 are evident in terms of efficiency and new
business models creation. The technological change and the advent of self-driving cars
may have the potential to improve safety substantially, time and fuel efficiency and
mobility in general (Beiker, 2012; Douma and Palodichuk, 2012; Silberg et al., 2012).
Although from the users perspective, some risks could emerge concerning the loss of
control of the vehicle and personal data utilisation. On this strength, as the diffusion of
high-tech cars could positively impact society in terms of safety and environmental
impacts (fuel/resource efficiency), it is relevant to understand how to increase the
willingness to adopt these new technologies.

Prior studies on this topic commonly pay less attention to the users’ attitudes and
intention towards automated cars to judge perceived benefits and concerns (König and
Neumayr, 2017). As it is still unknown what the key “drivers” or determinants of automated
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driving are, there is a need for more research on user acceptance or interest in this topic
(Nielsen and Haustein, 2018). Hence, this study extends the theory of planned behaviour
(TPB) applying it to automotive 4.0.

This research investigates the consumers’ propensity towards high-tech automated cars.
In this way, the paper analyses the antecedents that lead to the use of innovative vehicles by
implementing and extending the TPB.

The paper is structured as follows. Section 2 presents the literature review, the research
gaps and hypotheses. Section 3 offers the methodological approach, including the research
plan, data collection and analysis. The results of our empirical study are presented in
Section 4. Section 5 provides discussion and findings. Finally, Section 6 provides
conclusions, future perspectives andmanagerial implications.

2. Literature review
This section examines the main aspects that are considered relevant to the purpose of this
research. Hence, the literature review section explores the following topics concerning the
context of this research: Industry 4.0 with its definition and applications; automotive sector
and the transformation of transportation patterns due to technology; consumer behaviour
providing insights about the consumer intention and behavioural models; after that the
research model and hypotheses are presented. In the first two paragraphs, papers that study
industry 4.0 and automotive from multiple perspectives have been included to obtain a
broader view. In the last section, papers that analyse consumer behaviour (through the
application of TPB) related to technology and mobility have been included. In this way, the
literature review provides insights into the proposed research model.

2.1 Industry 4.0
Nowadays, the fourth industrial revolution is occurring. It was triggered by the
development of ICT with its technological foundation in smart automation of cyber-physical
systems enabled by decentralised control and advanced connectivity (IoT functionalities).
This new paradigm of digitised and connected manufacturing is referred to as “Industry
4.0” characterised by its smart and autonomous production (Arnold et al., 2016),
interoperability and connectivity; it allows a continuous flow of information between the
devices and components, machine-to-machine interaction (M2M), manufacturing systems
and actors.

The main idea of Industry 4.0 is the introduction of internet technologies into the
industry, implying progress on threefold perspectives: digitisation of production,
automation and Automatic Data Interchange (Almada-Lobo, 2016; Schlechtendahl et al.,
2015).

Stages in industrial manufacturing systems from manual work towards Industry 4.0
concept leads to improved quality of life. As a result of this, the machines, products and
factories can connect and communicate via the wireless network’s Industrial IoT. In some
cases, humans’ role is essential, as Human-To-Machine (H2M) collaboration is necessary as
some production tasks are fully automatised. In terms of data creation, the extensive usage
of sensors and control systems in the industry generates huge data. Cyber-physical systems
can be used to manage such a high volume of data is called Big Data. This amount of data
needs to be addressed in a systematic way of acquiring and analysing them. Hence, by
integrating resources, service systems develop new value propositions for customers
(Gummesson et al., 2010) and, in this way, Industry 4.0 transforms a potential resource into a
specific benefit.
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Industry 4.0 applies to many fields transforming cities, services and products through
the so-called “smartification”. The automotive industry is currently undergoing a potentially
revolutionary change that affects the interaction between humans and machines and urban
design in roads and cities (Silberg et al., 2012). The advent of automated cars could have
beneficial effects on safety, time, fuel efficiency and mobility patterns (Beiker, 2012; Douma
and Palodichuk, 2012; Silberg et al., 2012). However, the introduction of such radically new
technology is surrounded by a high degree of uncertainty (Van Geenhuizen and Nijkamp,
2003). In particular, future implications could lead to two different scenarios: people
preferring the ultimate level of autonomy through self-driving cars, to optimise their time
while driving; people becoming dependent on technology entailing psychological
consequences (König and Neumayr, 2017).

2.2 Automotive
Automotive 4.0 is at its inception but is going to be established in the next years. In
particular, two emerging trends are transforming personal transportation: automated
vehicles – A.V.s (self-driving or driverless cars) and on-demand mobility (car-sharing)
competing with conventional transportation (private cars and public transit) (Greenblatt and
Shaheen, 2015). These newest trends are enabled by technology, expected to replace human
decision-making with computer algorithms. Some provisions conclude that transformative
changes will affect personal transport and potentially nearly all vehicles will become
autonomous by mid-century (Greenblatt and Shaheen, 2015). The self-driving car is an
intelligent vehicle that transports people or objects to a specific predetermined target with
the support of sensors, which guarantee perception of the path environment, information of
the route to be covered and car control (Zhao et al., 2018; Baruch, 2016; Levinson et al., 2011;
Walker et al., 2001).

Increasing global urbanisation is paving the way for the rise and expansion of Industry
4.0 (Pejic¨ Bach et al., 2013), as there is a need to renew and develop urban infrastructure to
ensure their quality of life and sustainability (Etezadzadeh, 2015; Nahtigal and Bertoncelj,
2013). Indeed, Industry 4.0 is changing the relations between consumers, products and
producers (Wynstra et al., 2015) through smart equipment that allows information about
locations, demographic changes, resources, energetic efficiency and urban production (Heck
and Rogers, 2014). Customers will adapt to smart product characteristics, although Begg
(2014) states that the more sophisticated the level of automation, the more sceptical people
become.

In the transportation sector, research attention is increasingly focussing on automated
driving and its potential effects on transport behaviour and infrastructure (Nielsen and
Haustein, 2018). Other studies have focussed on the likely impacts of automated driving on
traffic flow and infrastructure performance in terms of delay and capacity (Aria et al., 2016;
Department for Transport, 2016). The latter is because technology will collect and analyse
data from the human environment to increase efficiency, services and mobility (Lasi et al.,
2014). What concerns the assessment of behavioural responses to automated transport is
weakly established and it results in difficulty forecasting future options that very few have
experienced. In any case, the public’s opinions towards automated or self-driving cars can
indicate how the transformation towards automation could develop (Nielsen and Haustein,
2018).

People recognise the main potential benefits of technology, such as fewer crashes and
better fuel economy, less congestion and short travel times. On the other hand, some
concerns arise about safety issues related to errors in the system or equipment and privacy
issues (Schoettle and Sivak, 2014; Beiker, 2012). Furthermore, other potential benefits are the

IJQSS
13,4

566



more effective use of battery electric vehicles (BEVs), increased safety, more efficient road
use, increased driver productivity and energy savings (Anderson et al., 2014; Folsom, 2012;
Brown et al., 2014; Morrow et al., 2014; Troppe, 2014), improvements in air quality would
also be significant because these technologies emitted no ozone-forming precursors, efficient
traffic flow and decreased parking requirements (Greenblatt and Shaheen, 2015), safety-
induced light-weighting (Brown et al., 2014; Morrow et al., 2014). Hence, automotive 4.0 may
also lead to improved energy use and environmental impacts.

Companies that introduce innovation need to consider and assess the double effects of
innovation on both productivity and customers standpoint (Parasuraman, 2010). On this
strength, users’ involvement in knowledge sharing enables commitment, value co-creation
and service innovation (Polese et al., 2019). As Guglielmetti Mugion et al. (2019) suggest in
the car-sharing context, as the usage of high-tech cars is related to the use of technology, it is
useful to refer to technology acceptance models. Some authors adopted models to assess
acceptance, including the Technology Acceptance Model (Davis, 1989; Ghazizadek et al.,
2012; Nordhoff et al., 2016). Multiple psychological, situational and socio-economic factors
influence acceptance (Nordhoff et al., 2016) and gender, age, income, awareness of
automation trends and level of autonomy in the current vehicle (Becker and Axhausen,
2017). Men and younger individuals result in more willingness to accept autonomous
driving; higher incomes imply a higher willingness to pay; awareness of and experience
with automation in vehicles also affects acceptance. Despite the potential benefits of
automotive 4.0, the level of adoption depends on the users’ characteristics, starting from the
distinction between “moving” and “being moved” (Böhm et al., 2006, p. 4). Indeed, driving
enthusiasts use to drive cars for pleasure, thus they might not be amongst the people
adopting this new technology (Glancy, 2012) Thus, people that do not use public
transportation do (Böhm et al., 2006, p. 4). There are also privacy issues, as people’s daily
driving needs to be tracked to make the system work (Song et al., 2010; Beiker, 2012; Silberg
et al., 2012). Indeed, one of the most troubling aspects of the IoT is controlling the increasing
data collected (Roman et al., 2013). The main question is how to ensure a sufficient privacy
and security level that will prevent unauthorised access.

2.3 Consumer behaviour
As Buckley et al. (2018) state, with the advancements in automotive, it is timely to examine
drivers’ intended use of this technology type. Based on the most acknowledged models,
according to the theory of reasoned actions (TRA) (Fishbein and Ajzen, 1975) and the TPB
(Ajzen, 1991), the most crucial determinant of a person’s behaviour is the intention to
perform a behaviour. The intention is defined as a combination of attitude and subjective
norm. Attitude towards a behaviour (usage of automated vehicles) is the degree to which the
performance of that behaviour is positively or negatively valued. The Subjective norms
construct defined as perceived social pressure to engage or not to engage in the behaviour.
The main difference between the TRA and the TPB is the addition of a third variable:
Perceived behavioural control that refers to people’s perceptions of their ability to perform a
behaviour. It is assumed to be a direct predictor of both intention and behaviour.

It has to be noted that the TRA model contains an element of indeterminacy (Bagozzi,
1992); indeed, as the author state, Attitude and Subjective norms have independent
(compensatory) effects on intentions, with three possible causal outcomes: the only attitude
influences the intentions, only Subjective norms influences the intentions or both Attitude
and Subjective norms influence the intentions. However, it is impossible to control this
trade-off between attitude and subjective norms in influencing the intention. This argument
also applies to TPB that directly derives from the TRA model. Hence, there could be some
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specific conditions on the basis of which attitudes are able or not to influence intention and
activate a behaviour. In the so-called “contingent consistency” (Liska, 1984; Andrews
and Kandel, 1979; Susmilch et al., 1975; Liska, 1974; Acock and DeFleur, 1972; Warner and
DeFleur, 1969) social and situational conditions can interact with attitude, in a way that the
latter not necessarily influences the intentions. However, TPB is considered suitable in
explaining mobility behaviour (Haustein and Hunecke, 2007). It contains the central
predictors to explain mobility behaviour; then it comprises five parameters only; it can be
easily and efficiently applied in the context of research. Moreover, the TPB is open to
incorporating additional predictors to increase its predictive power (Haustein and Hunecke,
2007). It is tricky to measure it until the technology is available (Zmud et al., 2016).

When analysing an innovative context/application, user resistance to change is a crucial
cause for many implementation problems (Jiang et al., 2000; König and Neumayr, 2017). This
is since people regularly react with caution to innovation or even fight them in some cases
(Goldenberg, Lehmann and Mazursky, 2001; Kemp et al., 1998). Recent studies show a more
positive attitude of users towards self-driving technology; nevertheless, considerable
resistance remains (Kyriakidis, Happee and De Winter, 2015; König and Neumayr, 2017). In
literature, trust and perceived safety in the technology especially surfaced as influencing
factors. Safety concerns were related to the performance of self-driving vehicles (Schoettle
and Sivak, 2014), whereas trust is associated with data privacy and driving control
(Kyriakidis, 2015; Howard and Dai, 2014).

2.4 Research gap and hypotheses
As consumers cover an essential role for the automotive 4.0 success (Van Geenhuizen and
Nijkamp, 2003), the lack of empirical evidence from the user perspective needs to be filled.
Indeed, current literature examines the research area regarding Industry 4.0 predominantly
from a technical perspective (Kiel et al., 2017; Beier et al., 2017; Porter and Heppelmann,
2014) whereas as Beiker (2012, p. 1149) observes “beside the technology aspects of this field,
questions regarding consumer acceptance remain”. Consequently, this paper aims to fill the
prevalent research gaps and to derive promising strategic implications for automotive 4.0.

This research aims at understanding the propensity towards high-tech automated cars,
by extending the TPB (Ajzen, 1991) and adding two further drivers that are recurring in
literature: inhibitors and environmental aspects. The research objective is because previous
studies analysed this topic mainly from a technical and engineering perspective; thus this
research aims to fill the gap due to the lack of studies that analyse this topic from the user
perspective.

The TPB is one of the most acknowledged models in explaining intention and behaviour
(Larue et al., 2015; Chen et al., 2007). The primary constructs (subjective norms, perceived
behavioural control, attitude and intention) are all validated in the literature. Thus, its
application is highly recognised in different contexts of human behaviour and technology
acceptance (Buckley et al., 2018; Rahman et al., 2017; Oviedo-Trespalacios et al., 2019; Larue
et al., 2015; Chen et al., 2007).

The TPB extends the TRA (Ajzen and Fishbein, 1980) to improve its predictive
capability. Indeed, to explain behaviours not entirely under volitional control (Ajzen, 1987,
1991; Ajzen and Madden, 1986) introduced the TPB (Bagozzi, 1992), by adding the perceived
behavioural control construct. In this way, as Bagozzi (1992) explains, TPB’s behaviour
differs from actions totally under voluntary control, as it is subject to interference by
internal and external forces.

The dimensions included in the research model are the following: perceived behavioural
control (“the person’s belief as to how easy or difficult performance of the behaviour is likely
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to be”), subjective norms (“the degree to which an individual feels that most people who are
important to him/her believe he/she should perform a particular behaviour”), attitude (“the
degree to which a person has a favourable or unfavourable evaluation of performing the
behaviour”), environmental aspects and Inhibitors. The first three are directly derived from
theory and in particular from the TPB and the TRA. The latter (environmental factors and
inhibitors) emerge from previous research. Automated car adoption implies environmental
benefits (improved energy use and environmental impacts) and risks that could inhibit the
adoption. In terms of services, automated vehicles’ introduction is expected to reduce traffic
congestion, energy consumption and environmental impacts (Kopelias et al., 2020; Milakis
et al., 2017; Wadud et al., 2016; Brown et al., 2014). Based on previous literature, risks emerge
in the adoption of automated vehicles from the user perspective, especially for what that
concerns the potential danger for the driver, privacy issues and potential loss of control and
distraction by the driver (Payre et al., 2014; Bezai et al., 2020; Hulse et al., 2018; Collingwood,
2017; Glancy, 2012; Taeihagh and Lim, 2019). Hence, the two new constructs have been
added to understand whether the related awareness influences the intention of adopting
automotive 4.0. The behaviour results are challenging to measure, as very few have
experienced it (Nielsen and Haustein, 2018). Hence, this construct has not been included in
the research. The complexity is due to the fact that a priori acceptability of technology
consists of an evaluation of that technology before having any interaction with it, thus based
on potential perceived usefulness and perceived ease of use (Davis, 1989); on the contrary
technology, acceptance should include an evaluation of its usage or likely further possible
usage (Bagozzi, 1981; Terrade et al., 2009).

Based on the previous literature, the research hypotheses have been proposed.
The following research hypotheses are presented (Figure 1):

Figure 1.
The proposed

theoretical model

ATTITUDE 

4.0 AUTOMOTIVE 
INTENTION

SUBJECTIVE 
NORMS 

PERCEIVED
BEHAVIOURAL

CONTROL

H2 

H3 

H1 

H4 

INHIBITORS ENVIRONMENTAL
ASPECTS

H5 
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H1. Subjective norms affect the intention to use an automated car.

H2. Perceived behavioural control affects the intention to use the automated car.

H3. Attitude affects the intention to use an automated car.

H4. Inhibitors affect the intention to use the automated car.

H5. Environmental aspects affect the intention to use an automated car.

In the proposed conceptual model, the intention to use an automated car is affected by five
variables: subjective norms, perceived behavioural control, attitude, inhibitors and
environmental aspects.

3. Methodology
Our study aims to understand the propensity towards automated cars by extending the
TPB.

Based on acceptance models and literature review, a questionnaire was built through the
integration of the existing models’ constructs and adding two dimensions. These new
constructs have been highlighted in literature: inhibitors and environment. The
questionnaire was structured in six sections using a seven-point Likert scale (Malhotra,
1996) (1 = disagree; 7 = agree). It comprises the variables detected from the previous models
and two additional sections aimed to measure the Inhibitors and Environmental aspects.
The questionnaire was tested and adapted after a pilot survey on a sample of 30
respondents, during the period from October and December 2018.

The data has been analysed with descriptive and advanced statistics, using SPSS and
Mplus software. The factors were extracted and defined using EFA and CFA and the model
tested through structural equation modelling (SEM). A structural model was tested, based
on TPB constructs. The factors of the model were extracted and defined through EFA and
CFA and the relations amongst the variables were studied through the SEM, which is a
spread modelling technique applied in social sciences to understand and explain
relationships amongst the elements of a system (Reisinger and Turner, 1999; Yi et al., 2006).

In the quantitative approach, the TPB has been applied by including the following
dimensions: subjective norms, perceived behavioural control, attitude and intention. As
explained in the research design and hypotheses section, the behaviour has been not
included in the research, as it results in difficulty measuring because very few have
experienced it (Nielsen and Haustein, 2018). Two constructs have been included in the model
that is: Inhibitor and Environment. Inhibitors include all the aspects related to risks, privacy
issues, loss of control and distraction; Environmental aspects concern the respondents’
opinions related to the relation between automated car innovation and environmental
sustainability (i.e. technology as a source of environmental impacts reduction and
environment protection).

4. Results
The questionnaire collected was 310 and the sample is composed of 310 respondents, of
which 50.5%women and 49.5%men. The majority of the sample (36.6%) is found in the 26–
35 and 18–25 age groups (32.0%). The respondents belong to the following age groups: 36–
45 (13.9%), 46–55 (9.7%), 56–65 (6.8%) and over 65 (1%). In total, 42.0% of the respondents
have a high school level of education and 31.4% a bachelor degree. As shown in Table 1,
most of the sample consisted of students (35.9%) and employees (34.9%).

The analysis proceeds with factor analysis.

IJQSS
13,4

570



The proposed model is composed of TPB constructs and new dimensions that refer to the
context of investigation: inhibitors and environmental aspects. TPB model has been already
validated in literature, whereas the new dimensions need to be tested. A maximum
likelihood method for parameter estimation was adopted and the internal reliability of each
factor’s scale was tested through the Cronbach’s alpha coefficient (Cronbach, 1951) resulting
in satisfactory (Nunnally, 1978).

The following tables show the reliability and validity of the constructs: Table 2
illustrates Cronbach’s alpha values and Tables 3 shows the AVE and C.R. values (Fornell
and Larcker, 1981) (Table 3) for each construct.

Following the internal consistency of each scale has been tested.

Table 1.
Demographic

characteristics of the
sample

Demographic characteristics
Sample’s specifics

Frequency (%)

Gender
Male 153 49.5
Female 156 50.5

Age
18–25 99 32.0
26–35 113 36.6
36–45 43 13.9
46–55 30 9.7
56–65 21 6.8
>65 3 1.0

Educational background
Elementary school 8 2.6
Middle school 12 3.9
High school 130 42.0
Bachelor 97 31.4
Master 51 16.5
MBA 7 2.3
PhD 4 1.3

Job
Employee 108 34.9
Freelance 24 7.8
Student 111 35.9
Entrepreneur 33 10.7
Housewife 12 3.9
Unemployed 17 5.5
Retired 4 1.3

Table 2.
Cronbach’s alpha

Constructs Cronbach’s alpha

Social norms (SN) 0.842
Perceived behavioural control (PBC) 0.785
Attitude (ATT) 0.8
Inhibitors (IN) 0.750
Environmental aspects (ENV) 0.845
Intention (INT) 0.877
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All the data are above the thresholds considered adequate to affirm the reliability and
validity of the constructs: 0.5 for AVE and 0.7 for C.R. (Fornell and Larcker, 1981).

Following the related EFA (Table 4) and CFA path diagram (Figure 2) for each factor are
illustrated. The practical significance of all the factor loadings is observed (>0.4) by
following the cut-off criteria existing in the literature (Hair et al., 1998; Stevens, 1992).
Indeed, Hair et al. (1998) state that factor loadings higher than 0.35 are adequate with the
sample size of this research; moreover, Stevens (1992) suggests cut-off criteria of 0.4
irrespective of sample size. Particularly, following the Hair et al. (1998) criteria for assessing
the practical significance, factor loadings higher than 0.3 (with a sample of 350 respondents)
or 0.35 (with a sample of 250 respondents), are considered significant. In our research, the
factor loadings are all above 0.5 with a sample size is of 310 respondents. Thus, all the factor
loadings are adequate.

The EFA was confirmed by the KMO test (0.834) and Bartlett test (p-value = 0.000)
(Figure 2).

The relations amongst the variables and the hypotheses were tested through SEM. The
maximum likelihood method was used for parameters estimation.

Threshold levels were assessed by Hu and Bentler (1999), who suggested a two-index
presentation format. This always includes the SRMR with the NNFI (TLI), RMSEA or the
CFI. Kline (2005) states that the Chi-square test, the RMSEA, the CFI and the SRMR indices
should be observed. Hence, this research adopts these four indicators. In particular, in recent

Table 3.
AVE and CR values

Factor AVE CR

Attitude (ATT) 0.771 0.910
Social norms (SN) 0.659 0.853
Perceived behavioural control (PBC) 0.540 0.776
Intention (INT) 0.721 0.885
Environmental aspects (EA) 0.520 0.764
Inhibitors (IN) 0.549 0.781

Figure 2.
CFA
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(ATT) 

ATT.1 ATT.2 ATT.3 

PERCEIVED 
BEHAVIOURAL 

CONTROL 
(PBC) 

PBC.1 PBC.3 PBC.4 

SUBJECTIVE 
NORMS (SN) 

SN.1 SN.2 SN.3 
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(IN) 

IN.1 IN.2 IN.3 
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ASPECTS (EA) 

EA.1 EA.2 EA.3 

0.588 0.856 0.753 0.739 0.677 0.759 

INT.1 
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years the RMSEA has become regarded as “one of the most informative fit indices”
(Diamantopoulos et al., 2000) illustrating how well the model, with unknown but optimally
chosen parameter estimates, would fit the populations’ covariance matrix (Byrne, 1998).

The results are shown in the following table. Observed goodness of fit parameters is
reported in Table 5, while the graphical representation of the complete model in Figure 3.

It is possible to observe that the model has been supported, although it has to be noted
that the H3 is not significant; thus, the attitude does not affect the intention (H3 rejected).
This can be due to the fact that people are not able to realise or imagine how to use an
automated car. Thus, this can imply that their attitude is not fully formed yet. The possible
theoretical explanation of the absence of relation between attitude and intention is described
in section “Research model and hypotheses”. In this regard, it can be due to “contingent
consistency” (Susmilch et al., 1975; Andrews and Kandel, 1979; Acock and DeFleur, 1972;
Liska, 1974, 1984; Warner and DeFleur, 1969), which states that attitude not necessarily
influences the intentions, as there could be situational conditions can interact with attitude.

On this strength, we tested this model (H1, H2, H4 and H5). Following in Table 6, the
goodness of fit and the graphical representation of the model (Figure 4) are illustrated.

As Table 7 and Figure 4 show, the research hypotheses H1, H2, H4 and H5 are
supported. The data support the model structure in the absence of the attitude, as the
goodness of fit indicators is located within the acceptable thresholds suggested by the
literature. Hence, by applying the TPB in automotive 4.0, we notice that the main
antecedents are: subjective norms, perceived behavioural control, inhibitors and
environmental aspects.

The theoretical model and the related hypotheses are supported (Table 7).

5. Discussions
This paper applies the TPB to the context of automotive 4.0. In this way, it extends the TPB
model by adding two more variables in affecting the intention to use high-tech automated
vehicles, such as inhibitors and environmental aspects. Furthermore, the attitude does not

Figure 3.
Graphical

representation of the
model
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Table 4.
EFA – factor
loadings

Variables
Factors

1 2 3 4 5

ATT2 0.835
ATT1 0.829
ATT3 0.796
EA1 0.959
EA2 0.866
EA3 0.558
SN3 0.833
SN1 0.734
SN2 0.666
IN3 0.840
IN1 0.759
IN2 0.592
PBC2 0.729
PBC3 0.614
PBC1 0.582

Figure 4.
Graphical
representation of the
model  
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Table 5.
Goodness of fit

Goodness-of-fit index
Observed
value Commonly used threshold

Chi-square
degree of freedom
p-value

2,677.183
1,53
0.0000

(Byrne, 2012; Hu and Bentler, 1995; Marsh et al., 1988;
Tanaka, 1993)

Comparative fit index (CFI) 0.955 �0.90 (Bentler,1992)
Root mean square error of
approximation (RMSEA) 90% C.I.

0.056 <0.05:minimal error 0.05# RMSEA# 0.08 acceptable�
0.08 rejectable model (Browne and Cudeck,1992)

Standardised root mean square
residual (SRMR)

0.043 <0.08 (Hu and Bentler, 1998, 1999)
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affect the intention and this might be probably due to “contingent consistency” as explained
in consumer behaviour and research design and hypotheses sections. However, there could
be other explanations, such as low awareness about how this kind of innovative solutions
works. Indeed, although the attitude towards the behaviour reflects the individual’s positive
or negative evaluations of performing a particular behaviour, there could be conditions in
which people are not willing to act (regardless of social pressures exist). The behaviour has
not been included in this research model because, as suggested by the literature review, its
results be challenging to measure, as very few people have experienced it.

This model explains that the intention to use high tech automated vehicle depends
mainly (0.6) on perceived behavioural control that is the perceptions of their ability to use it;
subjective norms also represents a relevant driver (0.324) in increasing the intention. Then,
the perception of positive environmental (0.113) impacts of high-tech car adoption also
improved the intention, whereas the Inhibitors (�0.145) have a negative effect on the
intention.

This research has both theoretical and managerial implications. Firstly, by using
quantitative analysis, it empirically confirms the validity of the TPB model in the newest
context, except for the attitude construct that seems not to be relevant in affecting the
intention; hence, based on this model, to induce to adopt this technology, companies can
promote/communicate the social acceptance, the related environmental benefit and its easy
implementation/usage by potential customers; moreover, by reassuring potential users
about the absence of risks and privacy concerns could enhance the willingness to adopt
automated cars.Moreover, this research goes beyond the model, proposing a new version
that includes two other ad hoc variables. The managerial implications concern the
possibility of exploiting these results by policymakers, automotive companies and
municipalities, as the insights of this research could be used to plan high-tech car launch
consistently with potential users’ needs. For instance, manufacturers need to consider
environmental aspects and privacy issues during automotive 4.0 diffusion.

Table 6.
Goodness of fit

Goodness-of-fit index
Observed
value Commonly used threshold

Chi-square
degree of freedom
p-value

1948.939
105
0.0000

(Byrne, 2012; Hu and Bentler, 1999; Marsh et al.,
1988; Tanaka,1993)

Comparative fit index (CFI) 0.959 �0.90 (Bentler,1992)
Root mean square error of approximation
(RMSEA) 90% C.I.

0.056 <0.05:minimal error 0.05# RMSEA# 0.08
acceptable� 0.08 rejectable model (Browne and
Cudeck,1992)

Standardised root mean square residual
(SRMR)

0.045 <0.08 (Hu and Bentler, 1998, 1999)

Table 7.
Status of research

hypotheses

Hypotheses Predictor Dependent Estimate S.E. Two-tailed value Status

H1 Subjective norm Intention 0.317 0.099 0.001 Supported
H2 Perceived behavioural control Intention 0.602 0.100 0.000 Supported
H3 Attitude Intention – – – Not supported
H4 Inhibitors Intention �0.146 0.049 0.003 Supported
H5 Environmental aspects Intention 0.113 0.051 0.025 Supported
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In terms of limitations, this study has been conducted in Italy. Thus, other countries can
be included, on the basis of different level of Industry 4.0 development. The questionnaire
was administered to a convenience sample. The majority of respondents have been young
people; further survey could include different age ranges to compare the behavioural
patterns.

6. Conclusions
Increasing global urbanisation leads to discuss the ability to ensure the quality of life and
sustainability within the urban area. The need to renew and develop urban infrastructure
for this purpose is paving the way for the rise and expansion of Industry 4.0, which can
affect the interaction between humans and machines. In this context, the automotive
industry is currently undergoing a potentially revolutionary change, not only on
transportation behaviour but also on the design of the urban infrastructure. Although
Automotive 4.0 is at its inception, it will be established in the next years, mainly with two
emerging trends in personal transportation: the already established on-demandmobility (car
sharing) and the automated vehicles – A.V.s (self-driving or driverless vehicles). The first
trend has been widely studied in the literature and consumers’ behaviour antecedents
(enablers and inhibitors) of car-sharing adoption can be measured through existing models.
The A.V. needs to be further investigated and the empirical model still needs to be
acknowledged. These newest trends of car-sharing and A.V. are enabled by technology,
expected to replace (and support) human decision with computer algorithms.

The interest in automated driving is especially due to the potential implications in terms
of safety and environmental impacts (European Commission, 2011). The activation of fully
automated driving allows to drive vehicles autonomously without any intervention from the
driver, enabling benefits for the society in terms of traffic reduction, resource efficiency (fuel
consumption decrease) and decrease of pollution, implying also driving comfort for the
drivers (Saad and Villame, 1996).

This research fills existing gaps, as prior studies did not commonly focus on the users’
attitudes and intention towards automated cars in terms of judging perceived benefits and
concerns (König and Neumayr, 2017). Indeed, besides obvious benefits, there are concerns
and situational conditions that can inhibit an a priori acceptability of new technology.

As the TPB model confirms the intention to use automated vehicles depends on
perceived behavioural control and Subjective norms, whereas the attitude does not influence
the intention. Indeed, even though people may find an action appealing, they could intend
not to act regardless of the social pressures and the feasibility of acting. As Bagozzi (1992)
suggests, further research could try to understand whether attitudes may first be translated
into desires to affect the intentions to act (and as a consequence, the behaviour).

Furthermore, environmental aspects (the ability of the technology to reduce
environmental impacts and protect the environment) and inhibitors (danger for the driver,
privacy issues, loss of control) are two new constructs – emerged in literature – that have
been confirmed as significant.

In particular, this study extends the TPB, applying it to automotive 4.0. The proposed
model was empirically confirmed, revealing that the intention of using A.V. depends on the
behaviour of other relevant people (subjective norms), the perceived feasibility of using it
(perceived behavioural control), the absence (or low presence) of risk and privacy concerns,
the possibility to reduce the environmental impacts. The attitude does not affect the
intention in this phase of diffusion. There could be other explanations, such as low
awareness about how this kind of innovative solutions works. Indeed, as the “contingent
consistency” state, although the attitude towards the behaviour reflects the individual’s
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positive or negative evaluations of performing a particular behaviour, there could be social
and situational conditions in which people are not willing to act; and this explains the case in
which the attitude does not affect the intention. As automated cars are new on the market
and very few experienced them, the lack of knowledge and awareness could also contribute
to this result.

Indeed, this study has both theoretical and managerial implications. The first concerns
potential areas of research to be explored. As it is still unknown what the key “drivers” or
determinants of automated driving are, there is a need for more research on user acceptance
or interest in automated driving – including results from different countries. Cultural
differences can represent an important lens of observation because the country of origin can
influence the acceptance; also, comparing people living within the urban area with whom are
living in the suburbs can provide insights on different behaviour. On this strength, it could
be relevant to replicate the study once this technology will start to be widely adopted, to
observe whether the attitude is significant in explaining the intention and the behaviour.

It has to be noted that as Böhm et al. (2006) and Glancy (2012) state, despite the potential
benefits of automotive 4.0, the level of adoption depends on the user’s characteristics and on
their preference between “moving” and “being moved”. Consistently, driving enthusiasts
use to drive cars for pleasure. Thus, they might not be amongst the people adopting this new
technology.

Given the relevant consequences and benefits of the acceptance and diffusion of
autonomous vehicles, it is crucial to understand all the potential antecedents and obstacles
to its usage. This is useful to pave the way to its concrete diffusion by acquiring insights on
production planning, customers’ needs, urban setting, further services to be included.

Another possible area of research is the link between the two emerging trends of
Automotive 4.0: car sharing and A.V.; as car sharing is strongly adopted, could be relevant
to understanding whether its adoption facilitates the intention to use automated cars or also
whether people will be willing to adopt an autonomous shared vehicle instead of owning it.
From the users perspective, the importance of technological readiness in revealing the
willingness of A.V. acceptance could be another area of research. Furthermore, other
research studies could shed light on the changes due to high-tech cars diffusion at the urban
level, understanding the consequences in terms of transportation patterns (private vehicles,
public transport and car-sharing).

In terms of managerial implications, it has to be noted that the increasing attention
towards environmental protection could represent a lever for automated car diffusion.
Indeed, environmental benefits deriving from this kind of technology are confirmed; thus, it
is crucial to communicate them accurately. Automated cars could be planned to control and
optimise energy consumption by using advanced technologies that choose the most
resources efficient path. The result is improved energy use, reduction of traffic congestion
and lower environmental impacts. This topic is essential for society, communities’ well-
being and for achieving the Agenda 2030 sustainable development goals. Hence, an
incentive framework could promote and inform about the advantages of automated car for
users, community, countries. This could contribute to creating a positive attitude towards
automated cars.

To spread this innovation, it is vital to achieving a wide number of users; this will
demonstrate the feasibility to use and its suitability to everyone, which will lead further
people to adopt it. Further practical research needs to understand issues that still represent
inhibitors to automated cars adoption: potential danger for the driver, privacy issues and
possible loss of control and distraction. Companies need to demonstrate that they are
managing these risks and that they are able to avoid them. To accept this technological
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innovation and to appreciate the related advantages listed above, appropriate
communication about benefits and risks management needs to be conducted to improve the
perception of its reliability.
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