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Abstract: With the rapid advancement of Industry 4.0, new technologies are changing the nature of
work and organizations. Nevertheless, technology acceptance is still an open issue and research, and
practice interventions should investigate its antecedents and implement actions in order to reduce the
risks of resistance and foster acceptance and effective usage of the new tools and systems. This quali-
quantitative study was aimed at exploring perceptions about Industry 4.0 and its transformations and
investigating job antecedents of technology acceptance. Whilst not many studies in the literature on
technology acceptance have considered workers’ well-being, in this study, its association with work
engagement has also been examined. The qualitative study used focus groups to collect perceptions of
14 key roles in a company that was implementing Industry 4.0. In the same company, the quantitative
study involved 263 employees who filled in a questionnaire. The results confirmed that both job
resources, namely supervisor support and role clarity, were antecedents of technology acceptance,
which, in turn, was associated with work engagement. This study provides useful suggestions for
interventions aimed at foster technology acceptance and workers’ well-being in companies that are
facing Industry 4.0 transformations. Particularly, investments in both leadership 4.0 development
and communication programs are essential.

Keywords: technology acceptance; work engagement; leadership 4.0; Industry 4.0

1. Introduction

The rapid advancement of digital technologies is fundamentally changing the nature
of work and organizations and has brought us into the Fourth Industrial Revolution [1] or
Industry 4.0, term introduced for the first time in Germany in 2011 to describe a government-
sponsored industrial initiative. The Fourth Industrial Revolution is represented by the
development of new systems that combine physical, biological and digital concepts whose
operations are integrated, monitored, and/or controlled by a computational core. They are
called Cyber-Physical Systems (CPS) and are characterized by the blending of hardware
and software that can interact with humans to complete tasks. Examples of technologies
and systems that are leading the Industry 4.0 transformation are machine learning, big
data, artificial intelligence, Internet of Things, cloud and mobile computing, biotechnology,
nanotechnology, advanced robotics, exoskeletons, sensors and intelligent manufacturing,
augmented reality, virtual reality, 3D printing [2]. For instance, robotics has changed the
manufacturing industry in the last four decades; however, Industry 4.0 proposes a new set
of collaboration defined by the human to machine interaction, that is the proximity between
robots and human workers while sharing tasks [3]. Besides the manufacturing industry,
which represents its origin, today, Industry 4.0 has become a more general concept with
99 Industry 4.0 neologisms found in the literature [4].

The synchronized development in different areas has created a perfect storm of new
technologies that is rapidly and radically transforming almost all sectors [1], with the aim of
improving, at the same time, the quality of both life and work for people and productivity

Int. J. Environ. Res. Public Health 2021, 18, 10845. https://doi.org/10.3390/ijerph182010845 https://www.mdpi.com/journal/ijerph

https://www.mdpi.com/journal/ijerph
https://www.mdpi.com
https://orcid.org/0000-0002-7002-0088
https://orcid.org/0000-0003-2339-9838
https://orcid.org/0000-0003-4002-8756
https://doi.org/10.3390/ijerph182010845
https://doi.org/10.3390/ijerph182010845
https://doi.org/10.3390/ijerph182010845
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/ijerph182010845
https://www.mdpi.com/journal/ijerph
https://www.mdpi.com/article/10.3390/ijerph182010845?type=check_update&version=2


Int. J. Environ. Res. Public Health 2021, 18, 10845 2 of 18

for organizations. The use of new technologies leads to cost and time savings compared to
higher quality of products and services; moreover, their use can improve health and safety
in many environments [5]. According to Schwab [1], the Fourth Industrial Revolution
differs from the previous ones for three reasons: (1) velocity, since it is evolving at an expo-
nential rather than a linear pace; (2) scope, as it is disrupting almost all industrial sector; and
(3) system impact, because it is transforming governance, management and production.

As with any revolution, in addition to the advantages, some disadvantages are also
highlighted, mainly affecting workers and their employment prospects. In this regard,
two schools of thought clash in the literature and in the general debate [5]. On the one
hand, there are more drastic positions according to which the Fourth Industrial Revolution
will lead to a decrease in jobs, with many occupations disappearing and being replaced
by technologies [6]. According to the [7] OECD, 14% of occupations are at risk of full
automation and 32% will undergo profound changes that will lead to skills obsolescence
and make it increasingly difficult for people to find new jobs. This outlook, combined
with the difficulty of trusting the unknown that automation and robots represent, may
increase the risk of workers resistance [8]. These positions are contrasted with the more
optimistic ones, according to which the current revolution, while on the one hand entailing
an inevitable progressive exhaustion of some occupations, on the other hand, creates
new employment opportunities by introducing occupations increasingly characterized by
intellectual activities at the expense of physical effort and repetitiveness [9]. In the long
term; therefore, it is expected that there will be more benefits than drawbacks [10], but for
this to be the case, it is essential that significant investment is made immediately in training
and social protection measures.

This study focuses on new technology acceptance in industrial sector, a topic that
received great attention in the last years. However, its relationship with other individual
factors has been under-considered while the impact of technology use on workers’ well-
being has been suggested as an important direction for research [11]. Starting from these
premises, this study contributes to the existing literature by investigating risks and oppor-
tunities of technology adoption with a particular focus on organizational antecedents of
technology acceptance and its consequences for workers’ well-being. Among antecedents,
the role of leadership deserves special attention, because it represents one of the most
important areas of intervention to support the technological transformation. In the study,
we used a quali-quantitative approach within a company adopting new technological
systems. In the qualitative phase of the study, we used focus groups to explore and gather
key roles’ opinions about Industry 4.0, risks and opportunities of technology adoption,
leadership and skills of the future, and practical implications. In the quantitative phase of
the study, we investigated some specific hypotheses about antecedents (supervisor support
and role clarity) and consequences (work engagement) of technology acceptance.

1.1. Technology Acceptance

In recent years, understanding the dynamics that can influence people’s acceptance
of new technologies has become increasingly important due to the widespread adoption
of new devices and tools. The psychological and sociological literature on technology
acceptance has collected several studies aimed at understanding what factors influence
individuals’ intentions to use technology, and several models have been proposed [12].
The one that received the most attention is the Technology Acceptance Model (TAM) [13].
According to this model, which is derived from the Theory of Reasoned Action [14],
individuals’ intention to use a new technology is predicted by their perception about
that technology, and the actual use of the technology depends on the intention [13]. In
particular, the intention to use a technology depends on two beliefs: “perceived usefulness,
defined as the extent to which a person believes that using an IT will enhance his or her job
performance and perceived ease of use, defined as the degree to which a person believes
that using an IT will be free of effort” [15] (p. 275). In addition, the model accounts for the
effect of external variables mediated by these two core beliefs.
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Mathieson and colleagues [16] proposed a third belief for the TAM, namely perceived
resources; they were defined as “the extent to which an individual believes that he or
she has the personal and organizational resources needed to use an information system”
(p. 89). They are an important component in explaining technology acceptance because
they highlight the role of the environment in which the technology is implemented. The
perception of receiving organizational support can have a positive influence on acceptance
and intention to use a new technology; on the other hand, organizational barriers can
hinder acceptance.

This resources component was also taken up by the Unified Theory of Acceptance and
Use of Technology (UTAUT) [17], which proposes four constructs to explain the acceptance
of new technologies: performance expectancy (the belief that the technology will help with
job performance), effort expectancy (the perception of ease in using the technology), social
influence (the perception that significant others are convinced that the technology should be
used), and facilitating conditions (the perception of organizational support and resources).

More recently, Kaasinen and colleagues [18] proposed the Worker-Centric Design
and Evaluation Framework for Operator 4.0, which differs from previous models as it
also considers workers’ well-being in the design and evaluation of new technological
systems and tools. Since human-centricity is a relevant aspect for Industry 4.0 and the
factories of the future [18], the investigation of technology acceptance and use should
also consider individual outcomes; for this reason, we referred to this model in our study.
The Worker-Centric Design and Evaluation Framework for Operator 4.0 drew on one of
the most popular work-related well-being models, proposed by Danna and Griffin [19].
According to this model, well-being in the workplace is influenced by antecedents such as
personality traits, occupational stress and work setting; in turn, well-being at work impacts
on individual and organizational outcomes. The Kaasinen and colleagues framework [18]
integrates the role of technology and proposes that the individual’s experiences with a new
technological tool (acceptance and usability) has antecedents at the individual, organiza-
tional, and environmental levels. Antecedents include the original context of use in terms
of work environment, the role, task and goal involved by the use of the tool, organizational
resources or barriers, and the worker characteristics. Moreover, worker’s experience with
the tool can affect his/her work-related well-being (e.g., job satisfaction, work engage-
ment, and job motivation) and organizational benefits (e.g., optimized processes, quality,
productivity, and company image) [18].

This model is consistent with both the job demands-resources (JD-R) theory [20] and
the effort-recovery theory [21]. According to the JD-R theory, each work environment has
its own characteristics that can be grouped into two dimensions: “job demands are those
physical, psychological, social or organizational aspects of the job that require sustained
physical and/or psychological (cognitive and emotional) effort or skill”; “job resources
refer to those physical, psychological, social, or organizational aspects of the job that are
either/or: functional in achieving work goals; reduce job demands and the associated
physiological and psychological costs; stimulate personal growth, learning, and develop-
ment” [22] (p. 312). Whereas job demands are the most important predictors of exhaustion,
job resources predict work engagement, which is defined as a positive work-related state
of mind, characterized by vigor, dedication and absorption [23]. The effort-recovery the-
ory [21] assumes that workers’ motivation is enhanced by resources provided by the
environment: if the work environment offers several resources, it is more likely that the
worker dedicates his/her efforts to the task and successfully achieves work goals.

The Worker-Centric Design and Evaluation Framework for Operator 4.0 [18] draws on
the relationship between antecedents (including job demands and resources) and outcomes
(including work engagement) and proposes a mediation of the experience with technology.
In the case of the introduction of a new technology, if the work environment is rich in
resources, such as support from the supervisor, clarity of task and role, communication and
feedback, or training, the worker will have a better chance of understanding why and how
to use the new tool and accepting it. In turn, having a positive experience with the tool and
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recognizing its usefulness and advantages might further improve the motivational process
and other individual and organizational outcomes.

1.2. Leadership 4.0

Leadership 4.0 is one of the neologisms introduced following the advent of Industry
4.0 [4,24] and refers to the need of specific and advanced skills for those leaders who are
involved in the frontline management of the pros and cons of the Fourth Industrial Revolu-
tion and in the definition of the strategies for both the functioning of the organizations and
the involvement of workers [11].

Kelly [25] has described the leadership evolutions in relation to the different industrial
revolutions which have taken place over time. According to his analysis, at the end of the
18th century, the first industrial revolution was accompanied by a 1.0 leadership, defined
as charismatic, which could be embodied only by one person with specific personality and
quality traits, which were innate and exceptional. At the beginning of the 19th century, the
second industrial revolution, modeled by the scientific organization of work, introduced
a 2.0 directive leadership, which shifted from innate traits to typical behavioral models
of the top-down approach. In the 70s, with the third industrial revolution, we find a 3.0
relational leadership, which moves from transactional to transformational [26], which ori-
ents collaborators towards objectives, simultaneously promoting autonomy, creativity, and
collaboration. Finally, the fourth industrial revolution, which is taking place in these years,
asks for a leadership that possesses already known features—firstly, relational skills—but
also new competencies to efficiently act in the digital and automated world with a particu-
lar focus on education, innovation, and the management of change. Therefore, leadership
4.0 can support the transition towards the Industry 4.0, reconcile chaos and unpredictability
with the stability of organizational processes, and allow for fundamental discoveries and
innovations to keep up with technological progress and global competition [27]. According
to Kelly’s definition [25], leadership 4.0 needs to be a reactive type of leadership, which
encourages the experimentation of new technologies, embraces exchanges and reacts to the
feedback of the collaborators, and guarantees opportunities and resources for continuous
learning [28]. From this perspective—and in line with the followership theories [29]—
critically constructive dialogue between leaders and followers based on the change itself
and on innovation is essential in order to support the proactivity of all people involved.

Leadership 4.0 must combine the ability to manage the implementation of new tech-
nologies, with the ability to involve people; in this phase, there is a need for leaders who,
in addition to the implementation of new technologies, can also guarantee their acceptance
and their correct use on behalf of their employees [30]. Oberer and Erkollar [31] proposed
the 4.0 leadership matrix to identify different possible leadership styles based on one’s
interests in technologies and innovation, on the one hand, and interest in people on the
other. At the crossroads between a vocation towards technology and innovation and
attention to people, we find digital leadership—the most effective and productive type of
leadership—which tries to link new organizational models and people’s needs in an appro-
priate way. Excessive focus on technologies at the cost of people describes a technological
leadership, which focuses predominantly on the ability to establish how new technologies
can be used to guarantee higher added value; excessive focus on people describes a social
leadership, which is careful and pays attention particularly to the well-being of employees.
Lastly, a freshmen leadership is not particularly oriented towards innovation or people.
Instead, it maintains the focus on traditional production structures and the finalization of
the product.

According to Oberer and Erkollar [31], the 4.0 digital leader should have the ability
(1) to shift from a fixed cycle performance evaluation system towards a more flexible and
focused system, providing constant feedback; (2) to assign tasks based on competencies
and needs; (3) to stimulate and manage change at all levels; (4) to manage the processes,
to assess activities and people (based on their potential and competencies) beyond the
confines of a single product; (5) to create an open and collaborative climate in which
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mistakes are opportunities for growth and conflicts can be managed; (6) to create a trans-
parent environment in which information circulates effectively, responsibility is shared and
people are proactive; and (7) to understand that innovation can be learned and obsolete
structures can be transformed through the involvement of multidisciplinary teams, using
creative processes. The 4.0 digital leadership, therefore, is by nature a fast and reactive
inter-hierarchical and inter-functional approach, oriented towards people and teams; it is
collaborative and highly geared towards innovation [31]. The aspect of communication
is also essential. First, it starts with the willingness to inform all staff on the reasons for
change, on how it will occur and what its impact will be on the entire organization [32].
Subsequently, opening a communication channel with each individual employee is es-
sential to ensure clarity on how new tools modify their work and their role, and give
space for employees to ask questions and address any perplexities. On the one hand, this
approach increases the chances that employees will develop a positive attitude towards
new technologies; on the other hand, it contributes to making them feel involved [32].

Summing up, the main responsibilities of leaders, at this historic moment, are: (1) the
creation of a digital culture in which people positively embrace transformation; (2) the
definition of the conditions required to guarantee the requalification and the development
of the employees’ necessary digital competences; (3) the effort to attract and to keep
workers with specialized technical profiles; (4) sharing winning strategies for technological
development [33,34]. The focus on technologies is undeniable and widely recognized;
however, in terms of relationships with people, there is still a need to adopt leadership
styles that historically have proven effective as they are based on relationships and non-
pedagogical support, which are not aimed at creating dependence within the relationship
but are oriented towards the development of autonomy and empowerment. Therefore,
in the era of Industry 4.0 and in the leader–follower dynamic, the elements of the leader–
member exchange [35] or transformational leadership [26] models are confirmed and
required, with the aim of making people grow within an educational relationship, allowing
them to express their leadership potential.

1.3. Study Aims

Following the above-mentioned theories, models and considerations, the aim of this
study was to identify job resources that are capable of promoting technology acceptance
and consequently work engagement. The study followed a quali-quantitative approach.
First, focus groups were conducted in a specific organization, which was implementing
some technological transformations, in order to collect and analyze the opinions of key
roles about Industry 4.0, risks and opportunities of technology adoption, leadership, and
skills of the future. Then, employees were involved in a quantitative study and the data
was used to test the following hypotheses.

Following The Worker-Centric Design and Evaluation Framework for Operator 4.0 [18],
we investigated the role of two specific job resources as determinants of new technology
acceptance. As described previously, the role of leaders is critical in promoting good
worker response to technologies [31]; in this study, we considered a specific component of
leadership, namely supervisor support, as a job resource. To the best of our knowledge,
the relationship between social support and technology acceptance have received little
attention by researchers so far. Carreiro and Oliveira [36] found that transformational
leadership factors, such as vision and personal recognition, were positively related to the
firm’s intention to adopt mobile cloud computing. Lee and colleagues [37], in a study about
health technology use, found that participants with higher social support were more likely
to accept technology use. Masood and Lohdi [38], in their study about the adoption of a
statistical software by students, came to the conclusion that teacher support was of greater
importance than specific knowledge of software.

In addition, we included role clarity as a job resource in the model, which is defined
as the degree to which workers feel it is clear what is expected from their roles and
behaviors [39]. The introduction of new technologies alters workers’ roles, the tasks they



Int. J. Environ. Res. Public Health 2021, 18, 10845 6 of 18

perform and the way they perform them. The chance to deal positively with a change
depends on the understanding of the change itself and of the expected effects that the
change will have for individuals and their work [40]. Previous studies have shown that
workers who felt informed and involved in decisions related to technology change reacted
more positively to the changes than colleagues less involved [41]. Moreover, if workers
perceive that the technology will help them to perform and will be helpful and easy to use,
the likelihood of accepting and adopting it increases [42].

Hypothesis 1 (H1). supervisor support and role clarity are positively related to technology acceptance.

According to the JD-R theory [20], we also examined the direct relationship between
the two job resources and work engagement. Both supervisor support and role clarity
are among the most investigated job resources by studies that applied the JD-R theory to
explain the motivational process and antecedents of work engagement [43].

Hypothesis 2 (H2). supervisor support and role clarity are positively related to work engagement.

Finally, we investigated the relationship between technology acceptance and work-
ers’ work engagement and the mediation of technology acceptance between the two job
resources and the final outcome. These hypotheses are based on the previously described
Worker-Centric Design and Evaluation Framework for Operator 4.0 [18]. If the work
environment provides resources such as supervisor support and role clarity, we expect
that the workers will be more willing to use the new technology, and in turn, accepting
to use it and recognizing it as a further resource for the performance of work activities
will increase work engagement. A previous study found a mediational role of technology
acceptance between resilience, a personal characteristic, and opportunities for information
and training on the one hand, and work engagement on the other hand [32]. In general, as
far as we know, these dynamics have received little attention in the literature, since studies
neglected the consequences of technology acceptance on individual outcomes. Figure 1
shows the study hypotheses.
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Hypothesis 3 (H3). technology acceptance is positively related to work engagement.

Hypothesis 4 (H4). technology acceptance partially mediates the relationship between job resources
(supervisor support and role clarity) and work engagement.
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2. Materials and Methods
2.1. Procedure and Participants

The quali-quantitative study has been realized in an Italian manufacturing company
involved in Industry 4.0 innovations (especially exoskeletons and innovative robots within
the plants). The project, designed in collaboration with the Health, Safety and Environment
Department, received approval from the Company’s Board of Directors and the trade
unions. Moreover, it has been carried out in line with the Helsinki Declaration [44] and the
Italian data protection regulation.

For the qualitative study, 14 participants have been involved using focus groups. They
included plant key roles (Human Resources Manager, Plant Manager, Health and Safety
Manager) and employees from the training department. Almost all of them were men
(12 = men; 2 = women).

In the quantitative study, informed consent was obtained from all participants. They
have been informed about the study’s aims, anonymity, data protection, and the voluntary
participation to the study. Questionnaires were administered on-site during working hours
in the presence of a researcher and have been returned in drop-boxes. The participants
represented the 42% of the whole population; it was a representative sample per gender,
age and organizational departments.

The sample included 263 employees; 83% were male and 17% were female. The mean
age was 41.44 (SD = 12.01). Among them, 53% had a high school diploma, 31% had a
middle school diploma, and 15% a Bachelor’s or Master’s degree; the remainder had a
lower educational level. Participants were blue-collar (66%) and white-collar (34%). The
mean seniority on the job was 20.97 years (SD = 13.05).

2.2. Measures for the Quantitative Study

Work engagement was measured through 8 items [45]; an example item is “I find my
work to be a positive challenge” (Likert scale from 1 = Totally disagree to 5 = Totally agree).
The Italian version of the scale (already used in previous studies, e.g., [32]) presented
good psychometric properties: the confirmatory factor analysis confirmed the one-factor
structure [χ2 (18) = 53.19, p < 0.001, CFI = 0.95, TLI = 0.93, RMSEA = 0.08, SRMR = 0.04]
with factor loadings ranging between 0.42 and 0.79. Cronbach’s alpha was 0.83.

Technology acceptance was measured using 5 items taken from the Subjective Ac-
ceptance Questionnaire [46]; an example item is “The use of technology and automation
systems increases my professional effectiveness” (Likert scale from 1 = Totally disagree
to 5 = Totally agree). In this case also, the Italian version of the scale (already used in
previous studies, e.g., [32]) presented good psychometric properties: the confirmatory
factor analysis confirmed the one-factor structure [χ2 (4) = 14.55, p = 0.06, CFI = 0.98,
TLI = 0.94, RMSEA = 0.07, SRMR = 0.04] with factor loadings ranging between 0.49 and
0.92. Cronbach’s alpha was 0.74.

Supervisor support was detected with 4 items taken from the questionnaire proposed
by INAIL (the Italian National Institute for Insurance against Accidents at Work) to assess
and manage the risks related to work-related stress [47]; an example item is “I receive
information from my supervisor that helps me in the work” (Likert scale from 1 = Never to
5 = Always). Cronbach’s alpha was 0.90.

Role clarity was measured through 5 items (INAIL questionnaire) [47]; an example
item is “My tasks and responsibilities are clear to me” (Likert scale from 1 = Never to
5 = Always). Cronbach alpha was 0.80.

2.3. Data Analysis

To analyze qualitative data, the method of the Grounded Theory has been used [48,49].
Data gathered through interviews and focus groups was conceptually labelled and the
concepts were then categorized and organized by identified dimensions. The conceptual
labels have been translated into 7 categories, described in the Results section.
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As for quantitative data, descriptive analysis, Pearson correlations, and Cronbach’s
alpha coefficients were performed using the statistics software SPSS 26 (IBM, Armonk,
NY, USA). The structural equation model (SEM) and the confirmatory factor analysis were
performed using Mplus 7 (Muthén & Muthén, Los Angeles, CA, USA). The estimation
method was Maximum Likelihood (ML); in the model, we controlled for participants’
age according to previous studies that found more resistance to new technology among
older workers (e.g., [50]). The following goodness-of-fit criteria have been suggested in
the literature to assess a model [51]: the χ2 goodness-of-fit statistic; the Root Mean Square
Error of Approximation (RMSEA); the Comparative Fit Index (CFI) and the Tucker Lewis
Index (TLI); the Standardized Root Mean Square Residual (SRMR). Finally, the significance
of the indirect effects was tested using the bootstrapping procedure [52].

3. Results
3.1. Qualitative Results

The conceptual labels collected through the focus group have been translated into
seven categories. In the following subsections, each category is described.

3.1.1. Industry 4.0: Opportunities and Risks

This category gathers the definitions provided by the participants on the general
theme of the Industry 4.0 and their opinions regarding its advantages and opportunities,
on the one hand, and its disadvantages and risks on the other. From the answers provided,
it is clear that knowledge on the topic is limited within the company and has not been
explored by the participants themselves.

“I imagine that behind the definition of Industry 4.0 lies much more and I am
unaware of what this may be, to be completely honest” [Plant Key Role].

Based on the definitions provided, the general thought appears to be that Industry 4.0
is the concept of collaboration between men and technology which places the role of
the individual in a privileged position. The Industry 4.0 is considered as a fundamental
opportunity to allow different worlds to integrate with the aim of providing maximum
efficiency and satisfying financial, ethical, and social needs. Regarding advantages and
opportunities, what emerges clearly is the perception of technology at the service of the
worker; new technologies will be used to lighten the operator’s workload and to make
his/her tasks easier. More specifically, these tools are viewed as devices which can reduce
physical fatigue, especially for older workers. Therefore, technology is considered to be a
resource that is also meant to provide additional support for ergonomics.

On the other hand, some of the disadvantages and risks have been described. These
are important to understand potential resistance on behalf of workers to the introduction of
new tools. First, there are fears pertaining to the impact that new technologies could have
in the working context in terms of the substitution and reduction of staff. Furthermore,
considering specifically the generational gap, there is a fear that the 4.0 Industry will lead
to effects of social exclusion, as not all people can easily adapt to technological changes;
consequently, this could lead to a gap, particularly between young people who are used to
using technology at work and in their personal lives, and more senior workers.

“If in the past, only three people worked in the workplace and now there’ll only
be two people with a collaborative robot, then it’s logical to think that this will
have some kind of impact” [Plant Key Role].

“It is something that needs to be accessible to everybody, because there is also a
strong risk that people will fall behind, unable to keep up with the new technolo-
gies, and become more and more excluded” [Plant Key Role].

3.1.2. How Will Workers React?

We asked participants to describe how, in their opinion, workers will react to the
implementation of new devices. What emerges is that most workers have not been informed
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of what 4.0 Industry actually is; only some of them have heard people talk about it and
others have expressed faint curiosity towards it. The common and shared opinion is that
there is some confusion as to what the changes would entail and what their consequences
would be.

“In my experience, we’ve talked about it in training activities. People don’t know
much. They are very curious but also skeptical, but they really don’t know much”
[Trainer].

According to what participants in the focus groups have reported, the staff are both
hopeful and fearful with regard to these new changes. Some people perceive the danger
that new devices entail, and they feel that all roles will be automated, which will increase
control and job loss; others view these changes as functional in helping them to lighten
their workload and physical fatigue. So, these devices are seen as both allies and enemies.

“We often talked to workers about robotization and the introduction of automa-
tion in the industry. Of course, there’s always some sadness or regret in saying
that people’s jobs could be taken away. However, everyone recognizes the fact
that, if we look at it from a different perspective, robots could also take on tasks
that are too stressful, cumbersome, or dangerous for us, and could work in
dangerous environments. This is a unanimous thought” [Trainer].

“There’s the fear of losing work or thinking that the machine could control them
somehow. And this is something they would never want” [Trainer]

3.1.3. Differences Linked to Personal Backgrounds

In the focus groups, we also investigated the potential presence of differences linked
to personal backgrounds in the opinions given on the 4.0 Industry, for example, gender,
age, seniority and type of job or task performed. The results show that the most important
differences concern age and seniority, as more senior workers have a different conception
of work in general as compared to younger workers. More specifically, older workers have
more experience, have more awareness and have already acquired the habit of performing
their tasks in a certain way; young people, instead, tend to be more flexible, more open
to change, to adapting, and are more willing to learn. Regarding gender differences, it
is not possible to make a comparison due to the limited number of women working in
the company.

“We could say that the older generations are a little more skeptical. Young people
tend to be more open; they experience it, almost as if it were an evolution in their
day to day lives, but they also know very little about the changes” [Trainer].

3.1.4. Acceptance or Refusal of the New Devices

Taking into consideration the real innovations that the company was introducing,
participants were asked specific opinions about the use of collaborative robots and exoskele-
tons. Regarding collaborative robots, there were diverging opinions. What was deemed
fundamentally important were the concepts of trust and trustworthiness. Only if robots are
perceived by workers as trustworthy can there be positive reactions. If the contrary occurs,
then they will be perceived as devices towards which people should nurture negative
feelings, and, consequently, their introduction will lead to hostile reactions. Furthermore,
and specifically in reference to these kinds of devices, there is the fear of losing one’s job
and being replaced. There is also the fear that the robot could become a model worker
who never tires or sets a work pace that workers will have to adapt to. In order to avoid
resistance, introducing the new robots through an effective and transparent communication
process is advisable, with particular emphasis on the advantages, not only for the company
but also and especially for the workers, guaranteeing the respect of the features and limits
of the people.
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“People need to develop complete trust towards these tools and create a relation-
ship of trustworthiness with the robot. This is the big challenge, I think, in the
use of collaborative robots of this kind” [Plant Key Role].

“In terms of acceptance, I can’t envisage specific problems, even though the risk I
foresee could be that the robot will be seen as man’s substitute. This is an issue”
[Plant Key Role].

In terms of exoskeletons, there are varying levels of acceptance. In some cases, the
positive outcomes that these devices could bring are highlighted, particularly in terms
of ergonomics and reducing fatigue. Consequently, we assume that there could be pos-
itive reactions. However, negative factors are also reported, and these could present an
obstacle when introducing exoskeletons. These include the invasion of personal space. The
management of one’s personal space is a rather delicate issue, as exoskeletons could be
considered an intrusion or invasion not only the worker’s workstation—as happens with
collaborative robots—but also his or her physical sphere, as an exoskeleton needs to be
worn on the worker’s body. The concept of control also carries some critical and delicate
reflections. The main concerns that workers have regard how much they can control the
device and how much the device may control them and limit their freedom. Finally, there is
also mention of the possible discriminatory effect that using these devices could generate,
especially when these devices are used on people with physical disabilities, who could be
targeted and, therefore, discriminated against or marginalized.

“Many technicians have talked about these exoskeletons, and they say it’s like a
bicycle with assisted pedaling. They’re not afraid, and I do not think they would
react with fear” [Trainer].

“Planning needs to be connected also to how much I can control this mechanism,
or how much it controls me, the awareness and the certainty of being able to
control it, to curb my fear, the fear that it might harm me and the fear that I may
not be able to control it, or that he is controlling me” [Trainer].

“With regard to the exoskeleton, the only thing that needs to be addressed is
the physical management of the tool. The ability to use it and wear it. There
could be people who feel uncomfortable having something on their body”[Plant
Key Role].

3.1.5. The Skills of the Future

This category collects the opinions of participants on competencies that they deem
necessary to interact with these devices and adapt to this new reality. With regard to hard
skills, there seem to be contrasting opinions. Some people say that there are no specific
competencies required; on the contrary, assisted modalities that are offered by technological
devices will reduce people’s thinking and initiative, as they will only be asked to perform
the tasks that they are given and to repeat the operations.

“The 5.0 Industry may only need baboons. What need is there for humans? The
more we move forward, the less is asked of people” [Trainer].

“To avoid errors to ensure quality, we need someone who does not think. Some-
one who takes the piece—the only piece that is there—puts it in its position where
the light is turned on” [Trainer].

Others, on the other hand, believe there is a need to acquire new competencies or to fill
the gaps that currently exist. Reference is made to the acquisition of technical competencies
because the new workspace is almost completely automated. Consequently, there is a
need to maneuver devices appropriately, respond to the technological commands or repair
damage to the system. Currently, technology can be considered a further tool available to
people, and as such, people need to be able to use it as best as possible.

“I’m not all that convinced that people using these devices should not have more
training than they have now. We’ve gone from people using a hammer, cutter or
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a screwdriver to people managing complex machinery. We need to change the
professional profile” [Trainer].

“Certainly, there will be more need for more technical vision of the role of
the worker who in the future will have a technical/technological role” [Plant
Key Role].

Regarding soft skills, opinions are aligned: the most important competences that these
new changes require are flexibility and proactivity. These two competences are essential to
adapt in the best way, and in the shortest time possible, to the changes that are taking place
in an era that is characterized by insecurity and uncertainty.

3.1.6. Leadership 4.0

Regarding managers, we expect to see the development of new technical competencies
on their behalf, particularly knowledge of the work cycle of the machinery that they will
be interfacing with and the activities that will be taking place.

“Alongside the changes that the workers will have to make, it is also essential
that the managers are aware of the types of technologies that are going to be used
because the best way to manage people is to know what they have to do and in
what conditions” [Plant Key Role].

In addition to this, the leaders must display a guidance and proactive attitude; they
should try to bring everyone on to the same level through the acquisition and transfer
of a common language to use internally within their group. They must give people a
sense of change and transformation. They must know how to integrate and promote the
different competences, which are seen as a strength for the success of the community, and
consequently, the entire organization. Furthermore, they should be capable of managing
the present and communicating the vision of the future, being those who carry people
forward, and do not leave anybody behind.

3.1.7. Interventions to Communicate the Change and Support Acceptance

The need to communicate what is happening was unanimously viewed as crucial to re-
duce negative reactions or refusal and promote openness with the aim of ultimately gaining
acceptance. Therefore, a communicative style which is clear and transparent is preferred,
and the ultimate objective of this communicative style is to create a common language on
all organizational levels to reduce and potentially eliminate possible misunderstandings
and ambiguities. To this end, the advantages and the consequences of the Industry 4.0
are to be made clear, and workers are to be given the opportunity to express their doubts
and curiosities, and to gain answers. In this way, workers will feel considered and well
regarded within their working context, and their active participation and involvement will
be facilitated through concrete proposals such as a media campaign using screens in the
areas where staff members meet and gather. On those screens, there will be videos that
have been tailormade to teach people about the changes. Alternatively, a poster system
around the company to show through images and concepts that are easy to understand
the features and advantages of the new technologies. Furthermore, in order to ensure
that exceedingly high expectations are managed or unrealistic fantasies are curbed, the
creation of a laboratory or a showroom in which workers can see and experiment with the
prototypes of the new devices has also been suggested.

“Awareness is an important key. I explain to you what this is, and you get to talk
about it and give me feedback, tell me your opinion. So, any potential fears that
you have will be addressed. At that point, there is no slamming on the brakes
and there is no putting up a wall. On the contrary, there is active participation on
behalf of the workers” [Trainer].
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3.1.8. Training

In terms of training activities, we suggest a practical training component, in addition
to theoretical type training. The main focus of training should be the acquisition of
technical-specialistic competencies and the transferability of the teachings on a manual
level. The most effective method seems to be training on the job, which allows employees
to acquire the technical and manual skills they need to use and maneuver the different
devices introduced, through training and the initial shadowing of a more expert colleague.
Shadowing an expert is particularly useful because, in the early stages, it will be useful
in allowing the operator to observe the modality and method through which the devices
are used; subsequently, the expert can provide support as a guide and a supervisor of the
different activities performed and be an advisor in times of difficulty.

Then there is the problem of how training is an investment for the company, both in
terms of cost and man hours. To address this criticality, the suggestion is to initially provide
training only to managers; this way, management will be prepared to answer to any type
of questions that the workers bring their way, and it will also have a top-down effect.

“We train the managers first so they know what is coming, and they can then
be ready to address any question. We go from the manager and work down the
ladder until reaching the newest employees” [Plant Key Role].

3.2. Quantitative Results

This section describes the quantitative results related to the test of the hypotheses.
Table 1 shows means, standard deviations, and correlations between the variables. Work
engagement showed a positive correlation with technology acceptance, supervisor support,
role clarity and age. Technology acceptance showed a positive correlation with supervisor
support and role clarity and a negative one with age.

The estimated model, which is shown in Figure 2, fits to the data well: χ2 (0) = 0,
p < 0.001, CFI = 1.00, TLI = 1.00, RMSEA = 0.00, SRMR = 0.00. In the model, both the super-
visor support and role clarity showed a positive relationship with technology acceptance.
In turn, technology acceptance was positively related to work engagement. Moreover, both
supervisor support and role clarity had a direct positive association with work engagement.
Age showed a negative association with technology acceptance. The model explained about
13% and 34% of the variance in, respectively, technology acceptance and work engagement.
Table 2 showed the results of the bootstrapping procedure used to test indirect effects. They
were significant in all cases confirming the partial mediation of technology acceptance.

Table 1. Means, standard deviations, Cronbach’s alphas and correlations among study variables.

1 2 3 4 5

1. Work engagement −
2. Technology acceptance 0.26 ** −

3. Supervisor support 0.53 ** 0.26 ** −
4. Role clarity 0.43 ** 0.22 ** 0.47 ** −

5. Age 0.12 * −0.19 ** 0.15 * 0.14 ** −
M 3.49 3.84 3.69 4.08 41.44
SD 0.77 0.79 1.05 0.69 12.01

Note. Cronbach’s α on the diagonal. ** p < 0.01; * p < 0.05.
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Table 2. Indirect effects using bootstrapping (2000 replications).

Indirect Effects Est. S.E. p CI 95%

Sup. Sup.→Tech.→WE 0.06 0.02 0.042 (0.02, 0.07)
Rle clarity→Tech.→WE 0.04 0.01 0.048 (0.01, 0.06)

Age→Tech.→WE −0.03 0.01 0.037 (−0.06, −0.01)
Note. All parameter estimates are presented as standardized coefficients. CI = confidence interval. Sup. Sup.:
supervisor support. Tech.: technology acceptance. WE: work engagement.

4. Discussion

Recent technological innovation is expected to improve the productivity, efficiency and
quality of work in several industrial sectors [1]; however, not accepting new technology can
have consequences for both organizations and employees’ well-being [53]. According to
this perspective, the present study intended to investigate organizational antecedents and
individual consequences of technology acceptance, using a quali-quantitative approach. It
contributes to the general knowledge of Industry 4.0 in the following areas: (1) it is one of
the first studies that investigate the consequences of technology acceptance on a specific
dimension of workers well-being, namely work engagement; (2) it empirically confirmed
the crucial role of leaders in managing and fostering the Industry 4.0 transformations;
(3) to do so, it applied a quali-quantitative approach which can be considered particularly
valuable in this area of study. Indeed, the qualitative part of the study allowed a deep
investigation of the topics of interest collecting workers’ opinions and bringing about
specific suggestions for practice and new questions for future research. In addition, the
quantitative part of the study permitted the application of a model, the Worker-Centric
Design and Evaluation Framework for Operator 4.0 [18], which, unlike other models widely
used in the literature, supports the investigation of technology use taking into account also
worker-related outcomes.

The first hypothesis (H1) postulated that both supervisor support and role clarity
would be positively related to technology acceptance, and it was confirmed by the quantita-
tive data. Receiving professional and personal support from one’s supervisor is fundamen-
tal to providing what Oberer and Erkollar [31] refer to as digital leadership: in addition to
paying attention to the implementation of new technologies and systems, leaders should
also be mindful of the needs of their followers. According to the worker-centric approach,
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if the worker is able to interact with his/her supervisor, ask questions and feel supported,
he/she will be more motivated to accept and use new technological tools to perform
work activities. This result is in line with those findings found in other sectors, such as
health and education, where social and supervisor support was positively related with
technology acceptance [37,38]. The importance to invest in leadership as a resource helpful
for the Industry 4.0 transformation has been highlighted also from qualitative results. In
the focus groups, participants have suggested how important it is that leaders develop
technological and digital skills. Moreover, they emphasized that leaders are responsible for
the involvement of all workers, that they should be supportive and attentive to their needs
concerning the change and their work.

At the same time, it should be clear for employees how the change will affect their
work activities and roles, and they should be given clear instructions about expectations.
Role clarity is especially important in contexts where it is not possible to increase auton-
omy and decision-making latitude in the workplace, but it may be possible to ensure role
clarity [54], as is the case with the introduction of new technologies: workers cannot decide
whether and how to use the new system or tool, but they can receive clear instructions
about how their role will change and how it will be affected by the introduction of the tech-
nology. Understanding the change and its effects on work roles and activities is a necessary
condition for accepting the change itself [40]. In this term, participants of the focus groups
highlighted the importance of activating information and communication processes aimed
at making employees involved and clear about the change and its implications [32]. In
this way, the organization can make the facilitating conditions [17] to welcome workers’
doubts and fears and provide proper answers. These suggestions are in line with previous
studies that found higher levels of technology acceptance for workers who felt informed
and involved in the change compared with colleagues less involved [41,42].

The second hypothesis (H2), which was confirmed, considered the direct relationship
between the two job resources and work engagement. Our results were consistent with
the motivational process of the job demands-resources theory that has widely proved the
direct effect between job resources, such as supervisor support and role clarity, and work
engagement [20]. In the literature, work engagement is considered as one of the most
important outcomes of organizational well-being as it showed positive associations with
many other outcomes such as job performance, in-role and extra-role performance, service
quality, and customer loyalty [55].

According to hypothesis 3 (H3), which was also confirmed, technology acceptance
showed a positive association with work engagement. The relationship between technology
acceptance and well-being has received little attention so far [32], although the concept of
human-centricity is dominant to the Industry 4.0 argument. Our findings confirmed that a
positive attitude towards a technology not only promotes its effective and positive use, but
also plays a role in motivational dynamics that make employees more positive, willing to
invest efforts, and persistent in the face of challenges or problems [23].

Finally, hypothesis 4 (H4) was also confirmed, as we found a partial mediation of
technology acceptance between the two job resources and work engagement. In a context
of significant change and transformation, such as the one considered in our study, and
more generally in all companies facing the challenges of Industry 4.0, work engagement
also depends on how individuals perceive the new technologies introduced and to what
extent they accept them. Thus, job resources can have a positive effect on work engagement
through their ability to promote technology acceptance. All these findings open up impor-
tant and concrete lines of intervention that will be discussed below, taking into account the
information gathered through the focus groups.

Limitations and Directions for Future Research

The study has some limitations. The first one is that the quantitative study was cross-
sectional; thus, causal inferences about relationships between variables are not allowed.
Nevertheless, the qualitative data supported the understanding of the quantitative results



Int. J. Environ. Res. Public Health 2021, 18, 10845 15 of 18

and confirmed the hypothesized directions. Future longitudinal studies are needed to
improve the understanding of technology acceptance dynamics in industries, prioritizing
research that monitors over the time and evaluates the adoption of specific tools in specific
working contexts. Another limitation is that the quantitative study only included self-
reported data, which increases the risk of common method-bias [56]. Other reported data
(e.g., from peers and supervisors) and/or objective data should be considered in this type
of study.

In addition, a multilevel approach to the study of leadership in organizations is highly
praised, in order to observe the investigated effects on a team level basis. Nevertheless,
the collection of multilevel data in such a context is not always possible and efforts to
strengthen the collaboration between research and industry would be also necessary. Other
limitations concern the measures applied in the quantitative study for the investigation
of study hypotheses. Particularly, it would be necessary to develop, validate and apply a
specific measure able to detect leadership 4.0, considering the two core assets suggested by
Oberer and Erkollar [31], namely technology and people. The investigation of technology
acceptance should also refer to specific tools and roles, while the employees involved in
this quantitative study performed different work activities and used different technological
tools. A further idea for future research is related to the need to clarify the differences
between Industry 4.0 and Industry 5.0 and their implications, with the latter considered an
evolution of the former which emphasizes the synergy between humans and autonomous
machines [57]. Although Industry 4.0 is still in its growing phase, according to some
scholars, many technology and industry leaders are looking ahead to the Fifth Industrial
Revolution, and the role of Work and Organizational Psychology will be even more im-
portant to contribute to this field by investigating psychological dynamics and effects on
workers motivation and well-being.

Finally, the small sample size of the focus groups should be mentioned as a limitation.
Almost all key organizational roles were included; however, future qualitative studies
should expand to other roles and, above all, should involve workers directly involved
in the use of the new technologies. Nevertheless, as a point of strength, it should be
acknowledged that the quantitative study considered a large representative sample of
workers employed in the same company.

5. Conclusions

The field of the relationship between Industry 4.0 and workers’ well-being is still
in its nascent stages; this study, using a quali-quantitative approach contributes to the
literature, providing useful suggestions for research and practice. The rapid advancement
of new technologies in organizations is inevitable, and organizations need to embrace
this transformation. In this process, employees play a crucial role, and fostering positive
attitudes toward new technologies is essential to guarantee acceptance and, in turn, high
motivation and work engagement. Our results highlighted that supervisor support and
role clarity are important factors to support this process.

From a practical point of view, adequate opportunities for information should be
offered to all workers when technological changes are implemented. As suggested by focus-
group participants, communication and information programs can be used to anticipate
the change, deal with doubts and fears, and promote collective awareness. Communication
channels such as videos, posters and slogans should be disseminated in the workplace, us-
ing images and short, simple and direct messages to communicate the characteristics of the
new tools, their benefits for workers and the implications they will have on work activities.
The fear of losing the job should also be addressed through this communication process.

Training on the job to develop the needed technological skills, to learn how to use
the new tools and to understand how they impact workers’ role is essential. Moreover,
all workers could be involved in workshops and classroom training about Industry 4.0
and technological transformations, to make them more aware and opened to change. To
overcome the generational gap, senior workers could receive specific training on digital



Int. J. Environ. Res. Public Health 2021, 18, 10845 16 of 18

skills, referred to both professional and personal contexts. Finally, specific training should
be offered to all people in leadership positions, to develop their ability to focus on both
technological improvements and workers’ needs while they make strategies for the future
and manage the technological change. To offer them a specific and targeted support, also
mentoring and coaching are appropriate interventions.

Author Contributions: Conceptualization, M.M., C.G.C. and C.G.; methodology, M.M.; software,
M.M.; validation, M.M., C.G.C. and C.G.; formal analysis, M.M.; investigation, C.G. and M.M.;
resources, C.G.; data curation, M.M.; writing—original draft preparation, M.M.; writing—review
and editing, M.M., C.G.C. and C.G.; visualization, M.M.; supervision, C.G.; project administra-
tion, C.G.; funding acquisition, C.G. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by the Regione Piemonte, grant Smart Factory number 312-108,
project HuManS—Human centered Manufacturing Systems.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Company Board of Directors and was designed in
collaboration with the Health, Safety & Environment Department.

Informed Consent Statement: The study does not contain any patients and sensitive information;
however, informed consent was obtained from all participants involved.

Data Availability Statement: Data supporting reported results are available upon request to the
first author.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References
1. Schwab, K. The Fourth Industrial Revolution. Available online: https://www.weforum.org/about/the-fourth-industrial-

revolution-by-klaus-schwab (accessed on 1 September 2021).
2. Baldassari, P.; Roux, J.D. Industry 4.0: Preparing for the future of work. People Strategy 2017, 40, 20–23.
3. Pantano, M.; Regulin, D.; Lutz, B.; Lee, D. A human-cyber-physical system approach to lean automation using an industrie 4.0

reference architecture. Procedia Manuf. 2020, 51, 1082–1090. [CrossRef]
4. Bongomin, O.; Yemane, A.; Kembabazi, B.; Malanda, C.; Chikonkolo Mwape, M.; Sheron Mpofu, N.; Tigalana, D. Industry 4.0

Disruption and Its Neologisms in Major Industrial Sectors: A State of the Art. J. Eng. 2020, 2020, 1–45. [CrossRef]
5. Ghislieri, C.; Molino, M.; Cortese, C.G. Work and organizational psychology looks at the fourth industrial revolution: How to

support workers and organizations? Front. Psychol. 2018, 9, 2365. [CrossRef]
6. Frey, C.B.; Osborne, M.A. The future of employment: How susceptible are jobs to computerisation? Technol. Forecast. Soc. Chang.

2017, 114, 254–280. [CrossRef]
7. OECD Employment Outlook. Available online: https://www.oecd-ilibrary.org/employment/oecd-employment-outlook-2019_9

ee00155-en (accessed on 1 September 2021).
8. Cascio, W.F.; Montealegre, R. How technology is changing work and organizations. Annu. Rev. Organ. Psychol. Organ. Behav.

2016, 3, 349–375. [CrossRef]
9. Kaplan, J. Humans Need Not Apply: A Guide to Wealth and Work in the Age of Artificial Intelligence; Yale University Press: New Haven,

CT, USA, 2015.
10. Weldon, M.K. The Future X Network: A Bell Labs Perspective; Taylor & Francis Group, LLC.: Boca Raton, FL, USA, 2016; Chapter 5;

pp. 160–193, ISBN 978-89-93712-73-5.
11. Trenerry, B.; Chng, S.; Wang, Y.; Suhaila, Z.S.; Lim, S.S.; Lu, H.Y.; Oh, P.H. Preparing Workplaces for Digital Transformation: An

Integrative Review and Framework of Multi-Level Factors. Front. Psychol. 2021, 12, 620766. [CrossRef] [PubMed]
12. Venkatesh, V.; Thong, J.Y.; Xu, X. Consumer acceptance and use of information technology: Extending the unified theory of

acceptance and use of technology. MIS Q. 2012, 36, 157–178. [CrossRef]
13. Davis, F.D.; Bagozzi, R.P.; Warshaw, P.R. User acceptance of computer technology: A comparison of two theoretical models.

Manag. Sci. 1989, 35, 982–1003. [CrossRef]
14. Fishbein, M.; Ajzen, I. Belief, Attitude, Intention, and Behavior: An Introduction to Theory and Research; Addison-Wesley: Reading,

MA, USA, 1975.
15. Venkatesh, V.; Bala, H. Technology acceptance model 3 and a research agenda on interventions. Decis. Sci. 2008, 39, 273–315.

[CrossRef]

https://www.weforum.org/about/the-fourth-industrial-revolution-by-klaus-schwab
https://www.weforum.org/about/the-fourth-industrial-revolution-by-klaus-schwab
http://doi.org/10.1016/j.promfg.2020.10.152
http://doi.org/10.1155/2020/8090521
http://doi.org/10.3389/fpsyg.2018.02365
http://doi.org/10.1016/j.techfore.2016.08.019
https://www.oecd-ilibrary.org/employment/oecd-employment-outlook-2019_9ee00155-en
https://www.oecd-ilibrary.org/employment/oecd-employment-outlook-2019_9ee00155-en
http://doi.org/10.1146/annurev-orgpsych-041015-062352
http://doi.org/10.3389/fpsyg.2021.620766
http://www.ncbi.nlm.nih.gov/pubmed/33833714
http://doi.org/10.2307/41410412
http://doi.org/10.1287/mnsc.35.8.982
http://doi.org/10.1111/j.1540-5915.2008.00192.x


Int. J. Environ. Res. Public Health 2021, 18, 10845 17 of 18

16. Mathieson, K.; Peacock, E.; Chin, W.W. Extending the technology acceptance model: The influence of perceived user resources.
ACM SIGMIS Database Adv. Inf. Syst. 2001, 32, 86–112. [CrossRef]

17. Venkatesh, V.; Morris, M.G.; Davis, G.B.; Davis, F.D. User acceptance of information technology: Toward a unified view. MIS Q.
2003, 27, 425–478. [CrossRef]

18. Kaasinen, E.; Liinasuo, M.; Schmalfuß, F.; Koskinen, H.; Aromaa, S.; Heikkilä, P.; Malm, T. A worker-centric design and
evaluation framework for operator 4.0 solutions that support work well-being. In Proceedings of the IFIPWorking Conference on
HumanWork Interaction Design, Espoo, Finland, 20–21 August 2018; Springer: Cham, Switzerland, 2018. [CrossRef]

19. Danna, K.; Griffin, R.W. Health and well-being in the workplace: A review and synthesis of the literature. J. Manag. 1999, 25,
357–384. [CrossRef]

20. Bakker, A.B.; Demerouti, E. Job demands–resources theory: Taking stock and looking forward. J. Occup. Health Psychol. 2017, 22,
273–285. [CrossRef] [PubMed]

21. Meijman, T.F.; Mulder, G. Psychological aspects of workload. In Handbook of Work and Organizational Psychology; Psychology Press:
East Sussex, UK, 1998.

22. Bakker, A.B.; Demerouti, E. The job demands-resources model: State of the art. J. Manag. Psychol. 2007, 22, 309–328. [CrossRef]
23. Schaufeli, W.B.; Salanova, M.; González-Romá, V.; Bakker, A.B. The measurement of engagement and burnout: A two sample

confirmatory factor analytic approach. J. Happiness Stud. 2002, 3, 71–92. [CrossRef]
24. Madsen, D.Ø. The emergence and rise of Industry 4.0 viewed through the lens of management fashion theory. Admi. Sci.

2019, 9, 71. [CrossRef]
25. Kelly, R. Constructing Leadership 4.0: Swarm Leadership and the Fourth Industrial Revolution; Springer: Berlin, Germany, 2018.
26. Bass, B.M. Two decades of research and development in transformational leadership. Eur. J. Work Organ. Psy. 1999, 8, 9–32.

[CrossRef]
27. Guzmán, V.E.; Muschard, B.; Gerolamo, M.; Kohl, H.; Rozenfeld, H. Characteristics and Skills of Leadership in the Context of

Industry 4.0. Procedia Manuf. 2020, 43, 543–550. [CrossRef]
28. Dery, K.; Sebastian, I.M.; van der Meulen, N. The Digital Workplace is Key to Digital Innovation. MIS Q. Exec. 2017, 16, 67–79.
29. Gatti, P.; Cortese, C.G.; Tartari, M.; Ghislieri, C. Followers’ Active Engagement: Between Personal and Organizational Dimensions.

BPA-Appl. Psychol. Bull. 2014, 62, 2–11.
30. Bolte, S.J.; Dehmer, J. Niemann Digital Leadership 4.0. Acta Technica Napocensis. Series: Applied Mathematics. Mech. Eng. 2018,

61, 637–646.
31. Oberer, B.; Erkollar, A. Leadership 4.0: Digital Leaders in the Age of Industry 4.0. Int. J. Organ. Leadersh. 2018, 7, 404–412.

[CrossRef]
32. Molino, M.; Cortese, C.G.; Ghislieri, C. The promotion of technology acceptance and work engagement in industry 4.0: From

personal resources to information and training. Int. J. Environ. Res. Public Health 2020, 17, 2438. [CrossRef]
33. Hess, T.; Benlian, A.; Matt, C.; Wiesböck, F. Options for Formulating a Digital Transformation Strategy. MIS Q. Exec. 2016, 15,

123–139. [CrossRef]
34. Matt, C.; Hess, T.; Benlian, A. Digital Transformation Strategies. Bus. Inf. Syst. Eng. 2015, 57, 339–343. [CrossRef]
35. Dansereau, F., Jr.; Graen, G.; Haga, W.J. A vertical dyad linkage approach to leadership within formal organizations: A longitudinal

investigation of the role making process. Organ. Behav. Hum. Perform. 1975, 13, 46–78. [CrossRef]
36. Carreiro, H.; Oliveira, T. Impact of transformational leadership on the diffusion of innovation in firms: Application to mobile

cloud computing. Comput. Ind. 2019, 107, 104–113. [CrossRef]
37. Lee, Y.; Roh, S.; Donahue, S.; Lee, K.; Kim, S. Technology acceptance among american indian older adults. Innov. Aging 2018, 2

(Suppl. 1), 169–170. [CrossRef]
38. Masood, A.; Lodhi, R.N. Determinants of behavioral intentions to use SPSS among students: Application of Technology

Acceptance model (TAM). FWU J. Soc. Sci. 2016, 10, 146–152.
39. Robert, L.K.; Donald, M.W.; Robert, P.Q.; Diedrick, S.J. Organizational Stress: Studies in Role Conflict and Ambiguity. Soc. Forces

1965, 43, 591–592.
40. McElroy, W. Implementing strategic change through projects. Int. J. Proj. Manag. 1996, 14, 325–329. [CrossRef]
41. Schraeder, M.; Swamidass, P.M.; Morrison, R. Employee involvement, attitudes and reactions to technology changes. J. Leadersh.

Organ. Stud. 2006, 12, 85–100. [CrossRef]
42. Wang, T.; Jung, C.-H.; Kang, M.-H.; Chung, Y.-S. Exploring determinants of adoption intentions towards Enterprise 2.0 applica-

tions: An empirical study. Behav. Inf. Technol. 2014, 33, 1048–1064. [CrossRef]
43. Schaufeli, W.B.; Taris, T.W. A critical review of the job demands-resources model: Implications for improving work and health. In

Bridging Occupational, Organizational and Public Health: A Transdisciplinary Approach; Bauer, G.F., Hämmig, O., Eds.; Springer: New
York, NY, USA, 2014; pp. 43–68.

44. World Medical Association. WMA declaration of Helsinki—Ethical principles for medical research involving human sub-
jects. In Proceedings of the 64th WMA General Assembly, Fortaleza, Brazil, 2013. Available online: https://www.wma.net/
policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/ (accessed on
1 September 2021).

45. Demerouti, E.; Mostert, K.; Bakker, A.B. Burnout and work engagement: A thorough investigation of the independency of both
constructs. J. Occup. Health Psychol. 2010, 15, 209–222. [CrossRef] [PubMed]

http://doi.org/10.1145/506724.506730
http://doi.org/10.2307/30036540
http://doi.org/10.1007/978-3-030-05297-3_18
http://doi.org/10.1177/014920639902500305
http://doi.org/10.1037/ocp0000056
http://www.ncbi.nlm.nih.gov/pubmed/27732008
http://doi.org/10.1108/02683940710733115
http://doi.org/10.1023/A:1015630930326
http://doi.org/10.3390/admsci9030071
http://doi.org/10.1080/135943299398410
http://doi.org/10.1016/j.promfg.2020.02.167
http://doi.org/10.33844/ijol.2018.60332
http://doi.org/10.3390/ijerph17072438
http://doi.org/10.1108/10878571211209314
http://doi.org/10.1007/s12599-015-0401-5
http://doi.org/10.1016/0030-5073(75)90005-7
http://doi.org/10.1016/j.compind.2019.02.006
http://doi.org/10.1093/geroni/igy023.610
http://doi.org/10.1016/0263-7863(95)00060-7
http://doi.org/10.1177/107179190601200306
http://doi.org/10.1080/0144929X.2013.781221
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
http://doi.org/10.1037/a0019408
http://www.ncbi.nlm.nih.gov/pubmed/20604629


Int. J. Environ. Res. Public Health 2021, 18, 10845 18 of 18

46. Weiss, A.; Huber, A.; Minichberger, J.; Ikeda, M. First application of robot teaching in an existing industry 4.0 environment: Does
it really work? Societies 2016, 6, 20. [CrossRef]

47. Di Tecco, C.; Ghelli, M.; Iavicoli, S.; Persechino, B.; Ronchetti, M. La metodologia per la valutazione e gestione del rischio
stress lavoro-correlato. Manuale ad uso delle aziende in attuazione del d.lgs. 81/2008 e s.m.i. 2017. Available online:
http://www.provincia.bz.it/amministrazione/personale/downloads/2017_INAIL_stress_lavoro-correlato.pdf (accessed on
1 September 2021).

48. Glaser, B.G.; Strauss, A.L. The Discovery of Grounded Theory: Strategies for Qualitative Research; Aldine: Hawthorne, NY, USA, 1967.
49. Strauss, A.; Corbin, J. Basics of Qualitative Research: Grounded Theory Procedures and Technique; Sage: Newbury Park, CA, USA, 1998.
50. Dutta, P.; Borah, A.S. A study on role of moderating variables in Influencing employees’ acceptance of information technology.

Vis. J. Bus. Perspect. 2018, 22, 387–394. [CrossRef]
51. Bollen, K.A.; Long, J.S. Testing Structural Equation Models; Sage: Thousand Oaks, CA, USA, 1993.
52. Shrout, P.E.; Bolger, N. Mediation in experimental and nonexperimental studies: New procedures and recommendations. Psychol.

Methods 2002, 7, 422–445. [CrossRef]
53. Ter Hoeven, C.L.; van Zoonen, W.; Fonner, K.L. The practical paradox of technology: The influence of communication technology

use on employee burnout and engagement. Commun. Monogr. 2016, 83, 239–263. [CrossRef]
54. Lang, J.; Thomas, J.L.; Bliese, P.D.; Adler, A.B. Job Demands and Job Performance: The mediating effect of psychological and

physical strain and the moderating effect of role clarity. J. Occup. Health. Psych. 2007, 12, 116–124. [CrossRef]
55. Bailey, C.; Madden, A.; Alfes, K.; Fletcher, L. The meaning, antecedents, and outcomes of employee engagement: A narrative

synthesis. Int. J. Manag. Rev. 2017, 19, 31–53. [CrossRef]
56. Podsakoff, P.M.; MacKenzie, S.B.; Lee, J.Y.; Podsakoff, N.P. Common method biases in behavioral research: A critical review of

the literature and recommended remedies. J. Appl. Psychol. 2003, 88, 879–903. [CrossRef] [PubMed]
57. Nahavandi, S. Industry 5.0—A human-centric solution. Sustainability 2019, 11, 4371. [CrossRef]

http://doi.org/10.3390/soc6030020
http://www.provincia.bz.it/amministrazione/personale/downloads/2017_INAIL_stress_lavoro-correlato.pdf
http://doi.org/10.1177/0972262918803467
http://doi.org/10.1037/1082-989X.7.4.422
http://doi.org/10.1080/03637751.2015.1133920
http://doi.org/10.1037/1076-8998.12.2.116
http://doi.org/10.1111/ijmr.12077
http://doi.org/10.1037/0021-9010.88.5.879
http://www.ncbi.nlm.nih.gov/pubmed/14516251
http://doi.org/10.3390/su11164371

	Introduction 
	Technology Acceptance 
	Leadership 4.0 
	Study Aims 

	Materials and Methods 
	Procedure and Participants 
	Measures for the Quantitative Study 
	Data Analysis 

	Results 
	Qualitative Results 
	Industry 4.0: Opportunities and Risks 
	How Will Workers React? 
	Differences Linked to Personal Backgrounds 
	Acceptance or Refusal of the New Devices 
	The Skills of the Future 
	Leadership 4.0 
	Interventions to Communicate the Change and Support Acceptance 
	Training 

	Quantitative Results 

	Discussion 
	Conclusions 
	References

