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ABSTRACT Teleworking became popular in the 1970s as a response to the energy crisis resulting from the
rise in oil prices, and its adoption increased exponentially during the COVID-19 pandemic as an isolation
measure to avoid contagion and ensure business continuity. Industry 5.0 companies, among others, had to
rapidly embrace teleworking during the pandemic, which involved taking risks such as allowing remote
access to data and services without complete control over technical infrastructure and trusting employees to
remain productive without direct supervision. This paper aims to explore the perceptions and expectations
of Industry 5.0 employees about the adoption of teleworking under regular conditions after the pandemic,
addressing concerns about productivity, supervision, cyberattacks, and potential additional investments. The
objective is to provide comprehensive data that allow companies to make informed decisions about whether
to continue teleworking in the future. It also presents a causal model that explains the intention to adopt
teleworking and provides insights for managers of Industry 5.0 companies to make decisions related to this
issue.

INDEX TERMS Teleworking, Industry 5.0, productivity, causal model, sustainability.

I. INTRODUCTION
The introduction of new technologies is driving human
progress and creating a more secure, sustainable and intelli-
gent society, resulting in the emergence of a new paradigm
known as Industry 5.0. This industrial paradigm, which is
an evolution of Industry 4.0, involves the integration of
technologies such as the Internet of Things (IoT), Artificial
Intelligence (AI), and Blockchain to enable collaboration
between humans and machines, resulting in the development
of human-centric solutions [1].

Fig. 1 illustrates the transition from Industry 4.0 to Industry
5.0, representing a pivotal shift in industrial evolution.
Industry 4.0, known for its incorporation of IoT, AI, and
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robotics, establishes intelligent factories that streamline
operations and promote collaboration between humans and
robots. In contrast, Industry 5.0 represents the subsequent
stage, highlighting the integration of human intelligence
with AI-driven industrial robotics. This shift marks a crucial
moment in innovation management, focusing on intercon-
nected systems where human creativity and decision-making
improve flexibility. Industry 5.0 redefines robots as collab-
orative robots (cobots), turning them into valuable partners,
and redirects the industrial emphasis from technology-driven
to human-centered. The figure visually summarizes this
progression, outlining the fundamental principles of both
Industry 4.0 and the transformative principles of Industry 5.0.

Teleworking, a pivotal component within the Industry
5.0 framework, involves the execution ofwork tasks remotely,
aligning seamlessly with this paradigm’s principles. It stands
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FIGURE 1. Teleworking framework for Industry 5.0.

out from other flexible work arrangements by emphasizing
the use of teleworking technologies, including AI and IoT,
to establish a distributed and adaptive work environment.
In teleworking, employees use their creativity, decision-
making, and problem-solving skills to enhance productivity,
fostering a connection with smart factories. This shift
aligns with EU policy principles outlined by researchers,
emphasizing a people-centric perspective. This type of
flexible work differs from conventional models, as it allows
employees to operate from various locations while actively
engaging in human-machine collaboration through advanced
communication technologies [2]. Teleworking, within the
context of Industry 5.0, is positioned as an advantageous ele-
ment, offering various benefits consistent with the paradigm’s
core values and contributing to the harmonious integration of
human intelligence and technological advancements [3].

As metioned earlier, Industry 5.0 marks a transformative
progression from Industry 4.0, prioritizing the symbiotic
relationship between humans and machines in smart manu-
facturing. Unlike its predecessor, Industry 5.0 views robots
as collaborative partners, or cobots, integrating human
intelligence and encouraging adaptability within smart
factories. Industry 5.0 accommodates both telework and non-
telework scenarios, showcasing its flexibility in diverse work
structures. The paradigm not only advances technological
capabilities but also underscores values of sustainability and
improved quality of life, reflecting a holistic approach to
smart manufacturing evolution [4].

In this new scenario established by Industry 5.0, the
concept of hybrid work takes on a transformative role, revo-
lutionizing traditional approaches to work and redefining the
workplace environment. Hybrid work, enabled by advanced
digital technologies and human-centered manufacturing
practices, seamlessly integrates remote work capabilities
with on-site collaboration in manufacturing and industry
settings. The adoption of a hybrid model of teleworking by
companies is influenced by several factors. First, employee
preferences play a crucial role, with flexibility in time and
localization flexibility valued [5]. Second, the existence of a
specific legislative framework on teleworking adopted by the
authorities is important, as it positively relates to the level of
adoption of teleworking [6]. Additionally, the availability of
job resources, such as autonomy and emotional intelligence,
can moderate the relationship between teleworking and
performance, thereby influencing its adoption. Furthermore,
the COVID-19 pandemic has significantly affected the
concept of teleworking, making it a desired employee benefit
and an essential part of the working environment even after
the pandemic [7]. Finally, the practice and popularity of
teleworking have expanded due to the pandemic, leading
to the need for innovative ways to address organizational
and employee needs in a hybrid work model context,
such as resource availability, professional relationships, and
technology [8].

In the context of contemporary work arrangements,
Industry 5.0 represents a significant evolution in how
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organizations structure their workforce and approach labor
practices. Various work arrangements, such as platform-
based labor, crowdsourcing, self-employment, voluntary
work, participation in open-source projects, outsourcing,
and consulting, challenge traditional working contracts by
offering alternative employment models characterized by
flexibility, autonomy, and collaboration. These arrangements
often blur the lines between employees and independent
contractors, prioritizing project-based work and skill-based
contributions over fixed-term employment relationships.
Teleworking, as a common feature across many of these
arrangements, further enables individuals to work remotely,
contributing to the flexibility and autonomy they seek. With
teleworking, individuals can participate in platform-based
labor, participate in crowd-sourcing initiatives, conduct self-
employment ventures, contribute to open-source projects, and
provide consulting or outsourcing services from anywhere,
challenging the traditional notion of work confined to phys-
ical office spaces and fixed schedules [9], [10]. Teleworking
improves efficiency and productivity by removing geograph-
ical limitations and allowing virtual collaboration without
interruption. It also provides access to a wider talent pool,
reduces the need for physical infrastructure, and encourages
a healthier work-life balance. Additionally, teleworking is in
line with Industry 5.0’s sustainability objectives, as it reduces
the environmental impact of commuting.

The SARS-CoV-2 pandemic required companies to
embrace teleworking rapidly. This meant that they had to
take risks that they would not have otherwise, such as
allowing remote access to their data and services without
having complete control over the technical infrastructure
and the way of access and trusting their employees to
remain productive despite the lack of direct supervision. For
employees, teleworking posed a risk to their job security, as it
could lead to fewer career advancement opportunities and less
visibility to their supervisors.

After the lifting of restrictions and the return to normal
operations, there has been a certain decrease in the application
of teleworking. This implies that valuable information and
experience gained during the confinement period, when
teleworking was more prevalent than ever, is gradually being
forgotten. As a consequence, it is important to explore
the perceptions and expectations of employees about their
intention to adopt teleworking under regular conditions after
the pandemic. This work aims to address the concerns
that Industry 5.0 companies may have about productivity,
supervision, the risks of cyberattacks, and potential additional
investments. In addition, it seeks to understand the expecta-
tions of Industry 5.0 workers regarding a possible reduction
in the commuting to their usual places of work.

Previous studies have explored various aspects of
teleworking-related issues. However, this research aims to
integrate these findings through a model that explains the
motivations behind adopting teleworking and its subsequent
results. The objective is to provide comprehensive data that
allow Industry 5.0 companies to make informed decisions

about whether to keep teleworking in the future and to use a
specific methodology to investigate the effects of teleworking
on Industry 5.0. This methodology involved detailed data
collection through an online survey and analysis techniques
that focused on examining trends and technologies related
to teleworking on Industry 5.0. The approach used was
structural equation modeling, and the results are assessed
using Partial Least Squares (PLS) analysis.

The main contributions of this work are:
• Identifying the most significant factors impacting the
decision to continue teleworking from the perspective
of employers and employees in Industry 5.0.

• Defining a causal model that evaluates the possibility
of integrating teleworking in Industry 5.0 after the
COVID-19 pandemic.

• Analyzing the benefits and limitations of teleworking in
the mark of the Industry 5.0 paradigm.

To our knowledge, there are no previous works that define
a causal model to evaluate the integration of Teleworking in
the Industry 5.0 paradigm.

This paper is organized as follows: Section II presents
the review of the literature on teleworking, including an
analysis of the motivations, advantages, and disadvantages
of teleworking, as well as a summary of previous research
and its key findings. Section III outlines the hypotheses
to be tested and the proposed explanatory model to test
these hypotheses. Section IV shows the experimental setup
that was performed to evaluate the hypotheses based on
different metrics. Section V provides an evaluation of the
results, which includes an analysis of the reliability of the
measurement model and the validation of the structural
model. Finally, Section VII presents the conclusions of the
analysis.

II. RELATED WORKS
The concept of teleworking was introduced in the 1970s as a
response to the energy crisis caused by high oil prices [11].
It was proposed as a solution to mitigate the crisis by reducing
commuting and fuel consumption. Similarly, since March
2020, when theWorld Health Organization declared COVID-
19 a pandemic, teleworking has been suggested as a means
of isolation to prevent contagion. Consequently, companies
had to adopt teleworking in an emerging and improvised way
to ensure business continuity. During periods of confinement,
teleworking reached unprecedented levels of implementation.

The recent global health emergency has transformed the
world into a genuine laboratory [12], experimentingwith tele-
working, which has been implemented in almost all sectors of
production. In many cases, companies had to adapt to remote
operations without proper prior preparation or access to all
necessary technological and communication resources. Any
necessary adjustments and improvements were made contin-
uously as the pandemic unfolded. According to the Interna-
tional Labor Organization (ILO), this teleworking laboratory
covered 17.4% of workers around the world, 25-30% of
workers in Latin America, and 37% of teleworkers in Europe,
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as reported by the European Foundation for the Improvement
of Living and Working Conditions (Eurofound) [13].

Research has shown that teleworking can provide access
to experts not available in the local area, reduce opera-
tional costs, improve productivity, reduce traffic congestion,
reduce noise and carbon emissions [14], and improve the
health and well-being of employees [15]. Thus, in [11]
it was concluded that teleworking, among other benefits,
has positively contributed to increased productivity, quality
of life, environmental protection, and improved mobility.
Similarly, the authors of [16] found that teleworking has
advantages such as improved quality of life, work-family
balance, increased productivity, better workload assessment,
cost reduction, stress reduction, and reduced commut-
ing time. The International Labor Organization, in the
thematic paper for the Global Dialogue Forum on the
Challenges and Opportunities of Teleworking for Workers
and Employers in the Information and Communications
Technology Services Sectors (ICTS) held in October 2016,
identified increased productivity, reduced energy consump-
tion and carbon footprint, improved staff morale, and
significantly reduced travel times, among other benefits of
teleworking [17].

It should be noted that teleworking has its drawbacks,
such as isolation, stress, and the uncertain advantages of
reducing traffic and pollution. Furthermore, some research
has indicated that teleworking does not necessarily lead to
a decrease in the number of trips [15]. Other disadvantages
of teleworking, identified in the literature, include excessive
stress or depression [18], feelings of exploitation, job
insecurity, difficulty in adapting to teleworking, lack of
connection with the company, professional isolation, and lack
of recognition [16].
The potential for cybersecurity breaches is a commonly

cited disadvantage of teleworking, as it often involves access-
ing organizational systems outside the company network.
This risk is further increased by the increasing popularity
of teleworking, which presents a significant challenge to
companies to protect their data [19]. To gain a better
understanding of the adoption of teleworking, researchers
have developed theoretically based statistical models to
explore different aspects of this phenomenon.

In Table 1, a systematic approach was utilized to select and
present research articles. The inclusion criteria were based
on their relevance to the research objectives, specifically
focusing on studies that offer insights into the integration of
technologies in the context of Industry 5.0 and teleworking.
The selection of articles was justified by considering their
methodological rigor, empirical evidence, and alignment with
the research focus. These chosen articles were evaluated
for their contributions to the field, emphasizing the gaps
they addressed and the insights they provided. This work
contributes to the existing knowledge by summarizing key
findings, identifying trends, and presenting a comprehensive
overview of the current research landscape in teleworking.

Employees during the pandemic-induced teleworking
period experienced positive effects on organizational per-
formance, work productivity, and work-life balance [25].
Flexible working hours, family time, and autonomy were
seen as advantageous factors in the decision to telework [26].
Furthermore, teleworking during the pandemic was found
to have a positive effect on social well-being, work-family
balance, and task-technology fit, which in turn had a positive
influence on teleworking performance [27]. Nevertheless, it is
important to note that teleworking was not successful in terms
of supervisor support and organizational trust [28].

Some previous works [29], [30] indicate that teleworking
does not uniformly improve efficiency and productivity. Self-
reported performance was higher for teleworking employees
compared to those working in the ordinary workplace, but the
extent of the change in performance depended on individual
characteristics and the extent of teleworking practice in
the organization [31]. Moreover, firms that engaged in
teleworking had higher total factor productivity than those
that did not [32]. However, the relationship between the
extent of teleworking use and productivity was non-linear.
Heterogeneous findings were identified regarding the effects
of teleworking on work-life balance and psychological
health, with moderating factors such as gender, boundary
management strategies and frequency of teleworking that
influence the results [33]. Performance seemed to benefit
from teleworking, but certain factors like having pets, young
children, or dependents could negatively affect it [34].
To achieve optimal outcomes, organizations should establish
teleworking policies, provide support and technologies, and
develop people management practices. Despite this, employ-
ees anticipated more work becoming telework-eligible in the
new normal and welcomed this shift [35]. In conclusion,
teleworking during the pandemicwas seen as advantageous in
terms of work-related outcomes and personal flexibility, but
there were difficulties related to social integration and support
from supervisors and organizations.

Consequently, this article aims to investigate critical
factors that must be taken into account when introducing
teleworking, such as productivity, cybersecurity, investments,
and supervision, among others. Previous research has looked
into these factors separately and studied their individual
effects on the implementation of teleworking. However, this
work intends to create a causal model that links these factors
and evaluates their implications when teleworking is adopted
in the context of Industry 5.0.

III. RESEARCH MODEL
TheCOVID-19 pandemic has caused a shift in theway people
work, with teleworking becoming increasingly popular.
Surveys have been conducted to assess the opinions of
employees on the feasibility of continuing to work remotely
in the post-pandemic era. Results vary between regions, with
companies, employees, and governments having different
views on a full return to in-person work, the continuation

80532 VOLUME 12, 2024



A. Bedón et al.: Importance of Teleworking and Its Implications for Industry 5.0

TABLE 1. Research on teleworking through statistical modeling.

of remote work, or the adoption of a hybrid model [13],
[36], [37], [38]. Therefore, it is important to understand the
expectations and opinions of employees on the possibility of
continuing to work remotely in the future.

Fig. 2 shows the factors that, after the literature
review, have been identified as the most emerging when
adopting teleworking: cyberattacks, productivity levels,
investment demand, worker supervision, and transportation
requirements.

This research has used a deductive approach to compare
pre- and post-pandemic expectations and perceptions of
teleworking, particularly in Industry 5.0. The following
subsections will discuss and create the research hypotheses
of our approach.

A. PERCEPTION OF RISK OF CYBERATTACKS
The COVID-19 pandemic resulted in a sudden adoption
of teleworking by companies, which prevented them from
fully assessing the implications of this decision, particularly
with respect to two crucial aspects: the capacity of the
technological infrastructure and the acquisition of the skills
necessary for employees to adapt to this mode of work.
In response, technology and industry experts issued warnings
to organizations and workers about the growing threat of
cyberattacks around the world. The Federal Bureau of
Investigation (FBI) reported a 600% increase in successful
cyberattacks in the US and a 300% increase worldwide
since the beginning of the COVID-19 pandemic. The
increase in successful cyberattacks is believed to be related
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FIGURE 2. Expectations and Concerns of Adopting Teleworking.

to the increasing number of people working remotely
[19], [39].

The lack of preparation of teleworkers for information
security and cybersecurity issues, along with the abrupt
adoption of teleworking due to the COVID-19 pandemic, has
made them vulnerable to cyberattacks [39]. Cybercriminals
have exploited the human factor, which accounts for 90% of
unauthorized access incidents [19]. Based on this analysis,
the following hypothesis is proposed:

• H1: The Perception of Risk of Cyberattacks (PRC)
has a significant impact on the Intention to Adopt
Teleworking (IAT).

B. PERCEPTION OF INVESTMENT
Industry 5.0 presents companies with a unique opportunity
to invest in smart digital information and manufacturing
technologies through the Internet. This highlights the critical
importance of cybersecurity due to the growing threat
of cybercrime. By investing in cybersecurity, companies
can enhance their cyberdefenses, protect against potential
cyberattacks, and differentiate themselves in the market.

On the other hand, it is important to remember that
many home networks can be made up of outdated PCs
and communication devices, which can be exploited by
cybercriminals due to their vulnerabilities [40]. Therefore,
those who opt to work remotely should consider investing in
new equipment to complete their assignments.

As a result, our research aims to confirm the following
hypothesis.

• H2: The Perception of Investment (PI) has a significant
impact on the Perception of Risk of Cyberattacks (PRC).

Taking into account hypothesis H1, we also hypothesize
that the Perception of Risk of Cyberattacks acts as a
mediator variable, since it mediates the relationship between

the Perception of Investment in cybersecurity measures
and the Intention to Adopt Teleworking. Thus, a greater
investment in cybersecurity, which reduces the perceived risk
of cyberattacks, enhances the intention to adopt teleworking.
Employees may be more inclined to adopt teleworking if
they perceive a lower risk of cyberattacks, which can be
influenced by the company’s investment in cybersecurity.
As a consequence, our model will try to confirm that:

• H2a: The Perception of Risk of Cyberattacks (PRC)
acts as a mediator variable between the Perception of
Investment (PI) and the Intention to Adopt Teleworking
(IAT).

C. EXPECTATION OF COMMUTING TO WORK
Some previous works suggest that one of the benefits of
teleworking is that employees do not have to commute from
their homes to their offices, which can also reduce traffic
congestion and environmental pollution [15], [41], [42].
Avoiding commuting can also lead to additional benefits,
including savings in fuel, vehicle maintenance, insurance,
parking, and reduced stress associated with driving during
rush hour. These factors can be decisive when considering
teleworking [11].

Therefore, Hypothesis H3 is proposed based on these
considerations:

• H3: The Expectation of Commuting toWork (ECW) sig-
nificantly influences the Intention to Adopt Teleworking
(IAT).

D. INTENTION TO ADOPT TELEWORKING
It seems clear that the viability of teleworking depends on
productivity, and companies depend on sustained production
levels during remote work. At the same time, employees
are tasked with providing goods and services in accordance
with the quality and efficiency standards established by their
respective companies.

Research indicates that teleworking provides advantages
such as enhanced privacy, increased concentration, reduced
interruptions, extended working hours, and flexible sched-
ules, all of which can contribute to improvements in
productivity [43]. However, some studies suggest that tele-
workers may experience lower productivity levels compared
to their office counterparts, where factors such as inadequate
communication, infrastructure, or teleworking configuration
may affect this decrease in productivity [44]. This requires
a thorough analysis of the decisions for the adoption of
teleworking from the perspective of productivity at work
prior to implementation, as emphasized in [45] and [46].
Accordingly, the following hypothesis is proposed:

• H4: The Perception of Productivity (PP) significantly
influences the Intention to Adopt Teleworking (IAT).

E. PERCEPTION OF PRODUCTIVITY
Examining employee productivity is a critical aspect in
understanding organizational effectiveness and performance,
particularly in Industry 5.0. In addition, this productivity
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must be achieved in accordance with the information security
and cybersecurity policies of companies. This situation
occasionally becomes a dilemma since, on the one hand,
security controls may restrict access to information and
services required to perform their tasks. On the other hand,
it is not possible to access information without meeting the
established minimum security standards. This duality creates
a conflict that has a direct impact on workers’ productivity
levels.

Posey and Canham [47] conducted a study to investigate
the relationship between productivity and compliance with
cybersecurity policies in organizations. They observed that
organizations that prioritize productivity over security are
more likely to have a higher rate of non-compliance with
security policies, while those that prioritize security over
productivity may experience delays in work. Similarly,
in [19] was found that workers were willing to take
cybersecurity risks, including those related to cybersecurity,
to gain the advantages of teleworking. As a result, based on
the analysis, the following hypothesis is proposed:

• H5: The Perception of Productivity (PP) significantly
influences the Perception of Risk of Cyberattacks
(PRC).

F. PERCEPTION OF SUPERVISION
Supervision is a key factor in achieving optimal results from
teleworkers, as suggested in [48]. Employees must be super-
vised to ensure that their efforts contribute to the production
of goods or services for which they were hired. Studies on
productivity in teleworking have revealed that inadequate
supervisor support and lack of clear instructions can make
teleworkers feel isolated, exploited and unmotivated, thus
reducing their productivity [44].

For this reason, companies should implement performance
evaluation systems that focus on results rather than on the
employee behavior during task execution, which has been the
conventional approach for office workers [48]. Supervision
is a crucial way to give telecommuters a sense of support,
which can lead to increased motivation and the maintenance
of productivity. Consequently, this analysis suggests the
following hypothesis:

• H6: The Perception of Supervision (PS) significantly
influences the Perception of Productivity (PP).

Taking into account hypothesis H4, we hypothesize that
the Perception of Productivity acts as a mediator variable,
since it mediates the relationship between the Perception
of Supervision and the Intention to Adopt Teleworking.
Thus, an increased perception of productivity due to higher
supervision leads to a greater intention to adopt teleworking,
as employees feel they can be effective even when working
remotely. As a consequence, our model will try to confirm
that:

• H6a: The Perception of Productivity (PP) acts as a
mediator variable between the Perception of Supervision
(PS) and the Intention to Adopt Teleworking (IAT).

Fig. 3 shows the theoretical model of structural equa-
tions proposed for our research, where the latent variables
(constructs) are represented with circles and the predictive
relationships between variables are represented with arrows.

FIGURE 3. Proposed Research Model.

As can be seen, the proposedmodel is more complex than a
regression model since certain variables act as both predictor
and dependent variables.

IV. EXPERIMENTAL SETUP
A. DATA ANALYSIS METHOD
The present study utilizes PLS-SEM (partial least squares
structural equation modeling) as the technique to validate
the proposed model. PLS-SEM is a popular approach to
causal-predictive analysis, especially in the early stages of
research, when theoretical knowledge may be limited and
the problems analyzed are complex [49]. In terms of sample
size, PLS-SEM is designed for small sample sizes, but it is
suggested that the sample size is at least equal to the number
of connections between latent variables (constructs) in the
model [50]. For a model consisting of six relationships, as in
the present study (see Fig. 3), the minimum suggested sample
size is 75.

1) METRICS FOR THE MEASUREMENT MODEL
The model evaluation is conducted through: (i) internal
consistency (Cronbach’s alpha and composite reliability);
(ii) convergent validity (average variance extracted (AVE)
and factor loadings); (iii) discriminant validity (Fornell-
Larcker criterion, Heterotrait-Monotrait ratio (HTMT), and
cross-loadings between indicators and latent variables).

a: CRONBACH’S ALPHA AND COMPOSITE RELIABILITY
These metrics are used to determine whether the sample is
free of bias or whether the responses are dependable. Specif-
ically, Cronbach’s alpha α (1) and Composite Reliability ρc
(2) measure the consistency of the items on the scale, and it
is recommended to have values of at least 0.7 [49].

α =
k

k − 1
[1 −

∑
σ 2
i

σ 2
t

] (1)

where:
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• k: Number of items.
• σ 2

i : Variance of each item.
• σ 2

t : Variance of the sum of items.

ρc =
[
∑

λi]2

[
∑

λi]2 +
∑

i(1 − λ2i )
(2)

where:
• λi: Factor loadings of each indicator on each latent
variable.

b: CONVERGENT VALIDITY
Convergent validity assesses whether a set of indicators rep-
resents a single underlying construct. This is determined by
the Average Variance Extracted (AVE) of each construct (3),
with a recommended threshold of 0.5 [51].

AVE =

∑
i λ

2
i∑

i λ
2
i +

∑
i(1 − λ2i )

(3)

c: DISCRIMINANT VALIDITY
Discriminant validity is used to measure the extent of
divergence between model constructs. This is done through
techniques such as Fornell-Larcker, Heterotrait-Monotrait,
and cross-loadings between indicators and latent vari-
ables [52]. The Standardized Root Mean Square Residual
(SRMR) is a measure for assessing observed and predicted
correlations (4). An SRMR value of zero implies a perfect
fit, while a value below 0.08 is considered a good fit.

SRMR =

√
1
n

∑
i

(λi − λ̂i)2 (4)

where:
• λi: Value of the dependent variable of observation i.
• λ̂i: Value approximated by the regression model for
observation i.

2) METRICS FOR THE STRUCTURAL MODEL
To validate the structural model, the following hypothesis
tests have been used: (i) Coefficient of Determination;
(ii) Path Coefficients; (iii) Effect Size.

a: COEFFICIENT OF DETERMINATION
This test evaluates if the variance of the internal variables is
explained by the prediction constructs, using the coefficient
of determination (R2) (5). The value of R2 is expected to be
greater than 0.1 [53].

R2 = 1 −

∑
i(λi − λ̂)2∑
i(λi − λ)

(5)

where:
• λi: Value of the dependent variable of observation i.
• λ̂i: Value approximated by the regression model for
observation i.

• λ: Mean of the dependent variable of all observations.

b: PATH COEFFICIENTS
The evaluation of the path coefficients (β) examines whether
the predictor variables have a significant effect on the
variance of the endogenous variables (R2). Endogenous
variables are dependent variables because they correlate
with other factors. A β value of 0.2 or higher is generally
considered significant. To determine the significance non-
parametrically, bootstrapping and t-Student values are used.

c: EFFECT SIZE
The effect size (f 2) (6) is a measure of the impact of a pre-
dictor variable on the variance of endogenous variables (R2)
when removed from the model. According to Cohen’s guide-
lines, an f 2 value of more than 0.02 is considered small, one
of 0.15 or higher is considered medium, and one of 0.35 or
higher is considered large. The effect size is calculated as:

f 2 =
R2

(1 − R2)
(6)

B. DATA SOURCE
Once the model was defined and the hypotheses were
established, the next step was to identify the indicators that
would help measure the defined constructs. A survey of
25 questions was prepared using a Likert scale of 1 to
5 points. The survey is presented in Table 2, where the mean
value of the responses and their standard deviations are also
provided.

The number of indicators used to validate both the
measurement model and the structural model are presented
in Table 3.
The information for this research was obtained by con-

ducting a survey using a web-based questionnaire that the
participants completed on their own. The survey was carried
out in Ecuador within 3 months between January to March
2023 and distributed to employees of companies that have
adopted the Industry 5.0 paradigm, equally divided between
those who worked remotely and those who did not.

Participants were recruited through company email lists
and social media platforms. Furthermore, the survey gathered
data from a wide variety of participants, encompassing
different demographics such as company size (classified as
small, medium, and large), job roles (including engineers,
data analysts, project managers, software developers, and
supply chain managers), and nationality (encompassing
Ecuadorian-owned companies, international organizations
with branches in Ecuador, multinational corporations with
local manufacturing facilities, and joint ventures in Industry
5.0 technologies).

From more than 1000 questionnaires distributed, a total
of 505 responses could be obtained, consisting of 47%
female and 53% male participants. Table 4 summarizes the
characteristics of the respondents. The age distribution of
the respondents and the corresponding proportions within the
sample are as follows: 15-24 years old (4%), 25-34 years
old (27%), 35-44 years old (37%), 45-55 years old (27%)
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TABLE 2. Questions and statistics collected.

TABLE 3. List of Constructs.

and older than 56 years (5%). The company size distribution
shows a preference for larger companies, which may indicate
a higher participation from well-established firms. The
education level and computer skills suggest that many
participants are highly educated, which is consistent with

the demands of Industry 5.0 workforce. The industry sector
shows a varied distribution among sectors, acknowledging
a slight advantage for technology due to the emphasis on
advanced technologies in Industry 5.0.

Regarding the acceptance of teleworking as a modality
for performing work activities, 5% of the respondents stated
that they would not accept it, 21% were undecided, and 74%
expressed acceptance without any additional consideration.
These preliminary results demonstrate a high level of accep-
tance for teleworking, even though mobility and isolation
restrictions were lifted in Ecuador in February 2022.

The demographic and professional characteristics of the
respondents provide a rich dataset to explore the complexities
of teleworking acceptance in the context of Industry 5.0.
The diversity in company size, industry sector, age, gender,
education level, and computer skills allows for a detailed
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TABLE 4. Characteristics of Survey Participants (n=505).

analysis of how different factors influence teleworking
practices. These insights are essential for tailoring strategies
to enhance teleworking implementation and acceptance
effectively across various segments of the workforce.

Finally, it should be noted that the survey, as said earlier,
was answered by 505 employees, which is more than the
suggested minimum sample size of 75 for a model with six
connections, as stated in Section IV-A.

V. RESULTS
A. EVALUATION OF THE MEASUREMENT MODEL
The model was computed using the least square-based
structural equation model in SmartPLS 3.0. The data were
analyzed in two steps. First, the measurement model was
evaluated to determine the reliability and validity of the
operational measurements. The relationship between the
underlying structures was then confirmed. Confirmation
factors were considered to evaluate the effectiveness and
reliability of external models.

The internal consistency of the constructs was validated
using Cronbach’s Alpha (α) and Composite Reliability (ρc)
indexes. As mentioned above, it is recommended that both
indexes have at least a value of 0.7 to be acceptable [54], [55].
The results presented in Table 5 indicate that all the constructs
of the model exceed the suggested values. This indicates that
the constructs show internal validity and can be considered
reliable.

Furthermore, the convergent validity of the constructs was
assessed in order to determine whether a set of indicators
represents a single underlying construct. This evaluation
involved calculating the average variance extracted (AVE) for
each construct, following the recommendation of [51], who
suggested a value greater than 0.5. The results, also presented
in Table 5, indicate that the AVE for all constructs exceeds
the recommended threshold, which implies that the constructs

account for at least 50% of the variance in their respective
indicators.

TABLE 5. Reliability and Validity Indicators.

The external loadings of the indicators were evaluated to
assess the convergent validity. This parameter reflects the
relationship between the indicator and its constructs and
should be greater than 0.707 [56]. Table 6 presents the
values obtained, which all exceed the suggested threshold,
suggesting that the indicators of the constructs are related.

In the subsequent analysis, the discriminant validity will be
assessed to determine the degree of differentiation between
the model constructs. This evaluation will employ the
Fornell-Larcker method, the Heterotrait-Monotrait (HTMT)
method, and an examination of the cross-loadings between
indicators and latent variables. First, the Fornell-Larcker
method proposes that the square root of AVE should be
greater than the correlation maintained with any other
construct [57]. Table 7 shows that the square root of the mean
variance extracted from a construct is greater than the value
of the constructs with which it correlates, indicating that all
constructs are different.

Following the Heterotrait-Monotrait (HTMT) method, the
recommended threshold is not to exceed a value of 0.85 [58].
Table 8 shows that all constructs meet this criterion, thus
indicating that the constructs have sufficient differentiation.

Then, as proposed by Virtaneva et al. [59], the
cross-loadingsmethod suggests that factor loadings should be
higher with their respective variables than with others in the
model. In Table 6, it is evident that the cross-factorial loadings
of indicators within each construct exceed the loadings of
indicators associated with other constructs.

Finally, the Standardized Root Mean Square Residual
(SRMR) helps to evaluate the agreement between observed
and predicted correlations. A value of zero indicates a perfect
fit, and a value below 0.08 is considered a good fit [60]. The
value obtained of 0.072 suggests that the proposed model is
satisfactory.

B. EVALUATION OF THE STRUCTURAL MODEL
After verifying that the measurement model meets the
reliability and validity criteria, the structural model will
be evaluated. Fig. 4 shows the calculated values of the
coefficients of determination (R2), the path coefficients (β)
and the t-student parameter, which will be used to assess the
structural model proposed in this study.

The coefficient of determination R2 provides information
on the proportion of variance in endogenous variables that
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TABLE 6. Cross Factorial Loadings.

TABLE 7. Square Root of the Average Variance Extracted (AVE).

is explained by the constructs that predict the variable. The
values obtained are presented in Table 9. All coefficients
for endogenous variables exceed 0.1, as recommended [61].
This confirms that the constructs that predict the endogenous
variables in our model effectively account for their variance.

Hypotheses were tested by analyzing the direct path coef-
ficients β, and the results are presented in Table 10. It should
be noted that all coefficients β ≥ 0.2, as recommended [62].
Therefore, it can be inferred that the predictor variables
contribute significantly to the variance of the endogenous
variables.

TABLE 8. Heterotrait-monotrait ratio (HTMT).

The hypotheses were also subjected to testing through
bootstrapping analysis. This technique assesses the

TABLE 9. Coefficient of determination R2.

significance of the structural model regressions [63], using
a two-tailed t-student test with a significance level of 5%.
With 5000 degrees of freedom (the sampling value utilized),
the critical value of t is 1.96, which is lower than the
empirical t-student values shown in Table 10. Consequently,
all hypotheses have a considerable effect on their related
latent variables and are strongly supported.

TABLE 10. Contrast of Hypotheses.

Finally, as mentioned above, the effect size (f 2) is a
measure that indicates whether a predictor variable has a
small, medium, or large effect upon removal. This, in turn,
influences the variance of the endogenous variables. Table 11
presents the effect size values for our model.

From these results, hypotheses H3 and H4 have a large
effect on the endogenous variables if they were removed,
hypotheses H1, H5, and H6 have a medium effect if removed,
and H2 has a small effect.

Let us analyze now the mediating effects of the Perception
of Productivity and the Perception of Risk of Cyberattacks
on the Intention to Adopt Teleworking. Table 12 shows the
results.

For hypothesis H2a the indirect path coefficient is 0.368×

0.599 = 0.220, while for hypothesis H6a the indirect path
coefficient is 0.635 × 0.333 = 0.211, having both β ≥

0.2, as recommended. The t-student values are calculated
as Indirect effect/Standard deviation. After analyzing their
values, both hypotheses involving mediating effects are
enpirically supported.

C. DISCUSSION OF THE RESULTS
The researchmodel was formulated based on the expectations
related to the adoption of teleworking in Industry 5.0, includ-
ing factors such as productivity and commuting to work.
Furthermore, the model includes aspects related to potential
influencing factors in the adoption of teleworking, such as
cybersecurity, investment considerations, and strategies used
to supervise teleworkers.
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FIGURE 4. Structural Model Coefficients.

TABLE 11. Effect Size values.

TABLE 12. Contrast of Mediating Effects.

Under this context, the validation of the measurement
model and the assessment of the structural model revealed
that all constructs are reliable, and all hypotheses are
supported. This implies that the model is considered
adequate.

Based on the values obtained for the coefficient of
determination (R2), it can be inferred that:

• The model suggests that half of the employees willing
to telework are motivated by the expectation of reducing
the number of trips to work.

• The intention to adopt teleworking is explained by the
model in 61%, suggesting that more than half of workers
inclined to teleworking believe that an investment in
cybersecurity by their companies will increase their
productivity and protect them from cyberattacks.

• The perception of investment is explained by the model
in 11%, which means that this percentage of employees
anticipates investments in security-related matters.

• The model showed that around 13% of the employees
perceive that supervision leads to an increase in their
productivity.

• The model suggests that 13% of workers believe that
security measures will not have a negative impact on
productivity when it comes to the risk of a cyberattack.

With this background, the results of the study are discussed
below.

1) HYPOTHESIS H1: THE PERCEPTION OF RISK OF
CYBERATTACKS HAS A SIGNIFICANT IMPACT ON THE
INTENTION TO ADOPT TELEWORKING
The statistical results show that the perception of risk of
cyberattacks significantly influences the intention to adopt
teleworking (β = 0.333) and that if this relationship is
removed from the model, there would be a medium effect
(f 2 = 0.249) on the intention to adopt teleworking.
This construct was designed to measure the level of

knowledge and understanding that employees have regarding
cybersecurity issues. With the increased risk of cyberattacks
when working remotely, especially when workers access
systems and information through unprotected devices and
networks, it is essential to assess employees’ awareness of
the potential risks they may encounter.

In addition, flexible working hours allow employees to
relocate and carry out their tasks in various settings, such
as shared workspaces, cafeterias [64], or libraries [65].
In many cases, this practice involves connecting to the office
through public networks, which often lack adequate security
controls [19].

The analysis showed that the mean values of the indicators
used to measure the perception of cyberattacks were between
3 and 4 on the Likert scale. This implies that the respondents
had a limited to moderate understanding of cybersecurity and
the risks associated with online activities and transactions.
This could point to a lack of knowledge among respondents
in terms of security issues. Therefore, companies should
consider taking steps to address any identified security gaps.
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2) HYPOTHESIS H2: THE PERCEPTION OF INVESTMENT HAS
A SIGNIFICANT IMPACT ON THE PERCEPTION OF RISK OF
CYBERATTACKS
In this case, the statistical findings indicate a significant
influence of the perception of investment on the perception
of risk of cyberattacks (β = 0.335). Furthermore, it should be
noted that omitting this relationship from the model would
have a small impact (f 2 = 0.127) on the perception of risk of
cyberattacks.

Companies have experienced significant losses due to
cybercrime during the pandemic, particularly in the context
of teleworking. The estimated losses can be attributed to
various types of cyberattacks such as phishing, malware,
social engineering, and ransomware attacks. The increase in
remote work and digital processes has made individuals and
organizations more vulnerable to these attacks [66], [67].
The COVID-19 crisis has created opportunities for hackers
to target individuals and companies, leading to economic
losses and data breaches [68]. The use of new platforms
and technologies, while facilitating remote work, has also
loosened physical and technical safeguards, making it easier
for cybercriminals to exploit vulnerabilities. Companies must
implement well-defined software upgrade procedures, use
secure networks, and conduct regular penetration tests to
protect against cyberattacks. However, there is a need for
increased action and investment in the implementation of
cybersecurity solutions to mitigate risks.

Consequently, companies find it imperative to invest in
security solutions to effectively combat cybercriminals. This
aspect was one of the topics presented to the respondents
in the survey (see Table 2). Based on the values of
their responses, they expressed the opinion that companies
should invest further to ensure the security of teleworking.
From the results in Table 12, the Perception of Risk of
Cyberattacks has a mediating effect on the relationship
between the Perception of Investment and the Intention
to Adopt Teleworking (Hypothesis H2a). Employees may
hesitate to embrace teleworking if they perceive significant
cybersecurity risks, regardless of the investments made by
the organization. Therefore, when implementing teleworking,
it is essential to take into account investments in cybersecu-
rity. These investments should be seen as part of the overall
investments in technology that companies make to keep their
technology up-to-date. This increased investment is often
seen as necessary to mitigate risks and protect organizational
assets [69].

3) HYPOTHESIS H3: THE EXPECTATION OF COMMUTING TO
WORK SIGNIFICANTLY INFLUENCES THE INTENTION TO
ADOPT TELEWORKING
The statistical results indicate a significant influence of
the expectation of commuting to work on the intention to
adopt teleworking (β = 1.030). Furthermore, removing this
relationship from the model would have a substantial effect
(f 2 = 0.712) on the intention to adopt teleworking.

The results of the survey align with the idea of adopting
teleworking, with average responses between 4 and 5. This
indicates a strong desire to embrace telecommuting, mainly
due to the expectation of reducing trips to physical offices.
These results confirm Hypothesis H3 and align with the
findings obtained by some researchers on the possibility
that teleworking has the potential to be a game-changer for
sustainable mobility, especially in cooperation with local
companies [70]. A research carried out in Japan found that a
significant number of non-telecommuters expressed a desire
to switch to teleworking, and the number of workers who
wanted 100% teleworking increased. Socioeconomic and
demographic characteristics were found to strongly influence
the choice between commuting and ICT-based work [71].

A survey of small and medium businesses conducted
by [72] showed that 83.33% of the participants saw a decrease
in travel as a benefit of teleworking. This is in line with
the results of our research, which sought to determine if
employees viewed the reduction in travel as an advantage of
teleworking.

In addition, studies have shown that avoiding commuting
during peak hours can lead to lower stress levels, which can
improve the overall well-being of employees [73]. This is
beneficial for both employers and employees [43]. Addi-
tionally, the perception of commuting under the teleworking
mode not only benefits the individual worker; it also helps
address larger issues faced by cities, such as traffic congestion
and air pollution [74].

4) HYPOTHESIS H4: THE PERCEPTION OF PRODUCTIVITY
SIGNIFICANTLY INFLUENCES THE INTENTION TO ADOPT
TELEWORKING
The implementation of teleworking has been found to have
a positive impact on productivity. The statistical results show
that the perception of productivity has a significant effect on
the intention of adopting teleworking (β = 0.599).Moreover,
if this relationship were removed from the model, it would
have a considerable impact (f 2 = 0.809) on the intention to
adopt teleworking.

The survey responses yielded mean values between
3 and 4, suggesting that employees who adopted teleworking
perceived themselves as productive. This is consistent with
the advantages that some researchers have come to determine,
where studies have shown that companies that engage in
teleworking have higher Total Factor Productivity than those
that do not [32]. Additionally, teleworkers who use strategies
such as task-oriented working, having a productive attitude,
and using modern communication technology for social
contact tend to have better job performance [75].

However, it is important to note that the implementation
of teleworking strategies varies between individuals and that
there may be differences in the association between the
implementation of the strategy and the performance. Major
Japanese IT companies have faced challenges in effectively
using teleworking to improve productivity, highlighting the
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need to redesign the working environment surrounding
teleworking [76]. In addition, the availability of digital
resources and remote leadership has been found to positively
impact teleworking productivity.

5) HYPOTHESIS H5: THE PERCEPTION OF PRODUCTIVITY
SIGNIFICANTLY INFLUENCES THE PERCEPTION OF RISK OF
CYBERATTACKS
The statistical results indicate that the perception of produc-
tivity has a significant effect on the perception of risk of
cyberattacks (β = 0.368). Moreover, removing this variable
from the model would result in a medium effect (f 2 =
0.157) on the perception of cyberattack risk. These results
support the hypothesis that when productivity is prioritized
over security, employees may disregard established security
protocols and regulations [47]. This behavior, which may be
motivated by the need to achieve certain productivity goals in
companies, can result in a greater risk of cyberattacks.

Recent studies have demonstrated that teleworking can
have an effect on how employees perceive the efficiency and
security of their organization [22]. Successful telecommuting
projects have been found to be related to interactions between
telecommuters and their supervisors, and their perception
of productivity [77]. However, teleworking can also present
challenges in terms of information security and cyber threats,
which can affect productivity and job satisfaction [78].
Therefore, it is important for organizations to have effective
risk control systems to reduce risks and ensure productivity
in teleworking environments.

6) HYPOTHESIS H6: THE PERCEPTION OF SUPERVISION
SIGNIFICANTLY INFLUENCES THE PERCEPTION OF
PRODUCTIVITY
In this last hypothesis, the statistical results reveal that
the perception of supervision significantly influences the
perception of productivity (β = 0.368). If this variable
were removed from the model, it would have a medium
effect (f 2 = 0.157) on the perception of productivity. This
hypothesis confirms that, in teleworking mode, supervision
plays a crucial role in maintaining adequate levels of
productivity. To achieve this, it is essential to define clear
goals and objectives for workers to achieve.

Themean values of the supervision indicators, which range
from 3 to 4, suggest that workers and activities are monitored
between ‘‘sometimes’’ and ‘‘almost always.’’ This implies
that companies havemademoderate attempts to create perfor-
mance evaluation systems for teleworking. Additionally, it is
clear that it is necessary to find suitable ways to supervise
work in order to avoid any negative effects on productivity.
A positive perception of productivity from teleworking often
leads to a perception that less direct supervision is necessary.
This can influence organizational culture by promoting trust
and autonomy among employees, which can further enhance
their inclination towards teleworking. In [79] and [80] a

discussion on how teleworking affects the perceptions of job
roles and supervision needs is found.

Similarly, from the results in Table 12, the Perception of
Productivity mediates the relationship between the Percep-
tion of Investment and the Intention to Adopt Teleworking.
When employees perceive that teleworking enhances their
productivity and efficiency, they may be more receptive
to the investments made by the organization to support
teleworking initiatives. Moreover, if teleworking is perceived
to boost productivity, organizations might be more inclined to
invest in technologies and infrastructure that facilitate remote
work, anticipating a return on investment through enhanced
employee output and satisfaction [81], [82].

Studies [83], [84] have shown that trust on the part
of supervisors positively affects job satisfaction and self-
reported productivity. In addition, employers and employees’
perceptions about teleworking are related in terms of
promoting greater trust and improved performance [85].
Supervisors play a crucial role in managing the work
environment and the issues of work relationships that are
essential to address a pandemic or other crisis [86]. Therefore,
effective supervision in teleworking situations can contribute
to higher levels of productivity. However, increased concerns
about the risk of cyberattacks with teleworking can lead to
heightened supervision and monitoring of remote workers.
This could involve more stringent control measures to secure
data and manage work, which could affect employee morale
and their perception of trust and autonomy, since security
policies can impact employee behavior and perceptions of
supervision [87], [88].

D. EVALUATION AND DISCUSSION OF THE STRUCTURAL
MODEL WITH CONTROL VARIABLES
In order to analyze the acceptance of teleworking in
Industry 5.0, it’s crucial to articulate how the distribu-
tion of respondents across various demographics, such as
company size, industry sector, education level, computer
skills, gender, and age, impacts the study’s findings. This
section examines the outcomes of an enhanced PLS-SEM
model after incorporating three control variables (Gender,
Education Level, and Industry Sector) into the analytical
framework. This exploration allows to distinguish the specific
influences of primary constructs from those of demographic
and contextual factors that could potentially confound or
augment the relationships within the model.

The hypotheses were tested again after introducing the
control variables. The results are presented in Table 13.
The values of the coefficients β have slightly decreased,
indicating that the additional variance explained by the
control variables makes the direct effects of other predictors
on the outcome appear slightly weaker. The t-student
values are also adjusted downward, suggesting that the
inclusion of control variables redistributes the statistical
weight, potentially reducing the original paths’ statistical
significance. Table 13 now accurately represents the adjusted
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findings of the hypothesis testing, taking into account the
explanatory power of the new control variables that was
previously assigned exclusively to the factors originally
modeled.

TABLE 13. Contrast of Hypotheses after introducing Control Variables.

In the revised structural model, three new hypotheses
were introduced to account for the influence of gender,
education level, and industry sector on the intention to
adopt teleworking. These control variables are essential for
understanding the nuanced dynamics that affect teleworking
behaviors within Industry 5.0, offering a detailed view on
the elements that might promote or obstruct the use of
teleworking technologies. Each hypothesis is analyzed based
on its theoretical foundations and its significance to ongoing
studies. The new hypotheses are:

• H7: Gender affects the Intention to Adopt Teleworking.
• H8: The education level of employees influences their
Intention to Adopt Teleworking.

• H9: The industry sector of an employee’s company
impacts their Intention to Adopt Teleworking.

The results afters testing the effect of the control variables
are shown in Table 14. The updated structural model is shown
in Fig. 5.

From these results, some conclusions can be extracted:
• From the data analysis, the values of β and t-student in
hypothesis H7 reflect a statistically insignificant influ-
ence of gender on the intention to adopt teleworking,
making this hypothesis not supported. It is suggested
that there would be minimal variations in teleworking
preferences between male and female respondents
within the sample. As a consequence, this hypothesis is
changed to be consistent with the obtained results:
- H7: Gender does not significantly affect the Intention
to Adopt Teleworking.

• Results support hypothesis H8, so that a higher edu-
cation level positively influences the intention to adopt
teleworking. This result is obtained on the premise that
individuals with higher educational qualifications are
likely more familiar with and capable of using advanced
technologies, thus potentially more receptive to the
flexibility and technical demands of teleworking. This
relationship highlights the importance of the role of
human capital in the diffusion of innovation, particularly
in the context of advanced industrial practices such as
those envisioned in Industry 5.0.

• From the new structural model, hypothesis H9 is sup-
ported. It suggests that employees in technology-focused

TABLE 14. Model analysis after introducing Control Variables.

sectors are more likely to adopt teleworking compared
to those in other sectors. This hypothesis is predicated
on the notion that sectors with a strong technological ori-
entation, such as software and biotechnology, inherently
possess the infrastructure and cultural readiness for tele-
working. The investigation of this hypothesis provides
insights into sector-specific variations in teleworking
adoption, which can inform targeted strategies for
teleworking implementation across different industrial
landscapes.

After analyzing the results of the enhanced structural
model, it must be pointed out that including control variables
delineates the complex effects that demographic and sectoral
contexts had on teleworking adoption, offering detailed
insights into workplace dynamics. The adjusted model,
through revised path coefficients and hypothesis evaluations,
underscored the interplay of various factors that influence
teleworking. In particular, while variables such as educational
level and industry sector significantly impacted teleworking
intentions, gender did not demonstrate a significant effect.
This finding emphasized the need for teleworking strategies
that acknowledge and cater to the diverse backgrounds and
industrial settings of employees to ensure that the benefits of
teleworking are universally accessible and effective.

Empirical validation supported the original hypotheses,
reinforcing the fundamental relationships within the model
while providing richer insights into what drove the adoption
of teleworking. These findings not only enrich academic
discussions around teleworking and Industry 5.0 but also
serve as valuable information for organizations that want
to optimize teleworking to boost productivity, flexibility,
and employee satisfaction in the context of technologi-
cal advancements. This study highlights the necessity for
organizations to design teleworking policies that consider a
wide range of influencing factors. By addressing the varied
needs and circumstances of their workforce, companies can
fully harness the advantages of teleworking, promoting an
environment conducive to innovation and sustained growth
in the age of Industry 5.0.

VI. INTEGRATING TELEWORKING WITHIN INDUSTRY 5.0:
IMPLICATIONS AND STRATEGIC CONSIDERATIONS
The findings of this study have significant implications for
the evolving landscape of industrial production, particularly
within the framework of Industry 5.0. Industry 5.0 repre-
sents a paradigm shift in manufacturing, emphasizing the
integration of advanced technologies with human-centric
approaches to drive innovation, customization, and flexibility
in production processes.
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FIGURE 5. Structural Model Coefficients with Control Variables.

Our study highlights the importance of perceptions such
as productivity, risk of cyberattacks, supervision, and invest-
ment in shaping the intention to adopt teleworking. From an
Industry 5.0 perspective, these perceptions are particularly
relevant, as they reflect the dynamics of human-machine
collaboration in the modern workplace. Teleworking, enabled
by digital technologies, exemplifies the blurring boundaries
between physical and digital realms, emphasizing the need
for effective human-machine interaction.

A significant insight from the study is the mediating role of
the perception of productivity and the risk of cyberattacks in
influencing the adoption of teleworking. These perceptions
are closely linked to the concepts of customization and
flexibility, the core tenets of Industry 5.0. Organizations
adopting teleworking practices must navigate concerns about
data security while leveraging technology to customize
work arrangements and enhance productivity. This research
highlights the importance of addressing these concerns to
facilitate the transition toward Industry 5.0.

Furthermore, the perception of investment emerges as a
critical factor that influences the adoption of teleworking.
Organizations investing in teleworking infrastructure and
support systems demonstrate a commitment to agility and
innovation, key characteristics of Industry 5.0. By strategi-
cally allocating resources to enable remote work capabilities,
organizations can adapt to changing market demands and
capitalize on opportunities for growth and competitive
advantage.

From a practical point of view, our findings suggest that
organizations aiming to embrace Industry 5.0 principles
should prioritize initiatives that foster a culture of trust,
autonomy, and technological readiness. This includes imple-
menting robust cybersecurity measures, providing adequate
supervision and support for teleworkers, and strategically
investing in teleworking infrastructure. By aligning these
efforts with the principles of Industry 5.0, organizations can
create agile and resilient workplaces capable of thriving in an
increasingly digitalized and interconnected world.

The integration of control variables such as educational
level and industry sector has demonstrated their substantial
impact on teleworking intentions. These results emphasize
the importance for organizations aligned with Industry 5.0 to
consider a variety of demographic and contextual factors
when implementing teleworking strategies.

From an Industry 5.0 perspective, the strategic imple-
mentation of teleworking can significantly enhance orga-
nizational agility and employee autonomy, leading to
greater innovation and productivity. The results obtained
suggest that higher education levels correlate with a more
favorable disposition toward teleworking, likely due to
better technological literacy and adaptability among well-
educated employees. This aligns with Industry 5.0 focus on
leveraging advanced technologies and data-driven decision-
making processes, highlighting the importance of educational
initiatives to prepare the workforce for future industry
demands.
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In addition, the differential impact of industry sectors on
the adoption of teleworking indicates that technology-centric
sectors are particularly receptive to this modality of work.
This receptiveness is essential to foster an organizational
culture that supports rapid adaptation to technological
changes, a core aspect of Industry 5.0. This adaptability
not only enhances operational flexibility, but also positions
companies to better manage cybersecurity risks associated
with remote work, a critical consideration in our digital
age.

The study also points to the absence of a significant
influence of gender on teleworking intentions, suggesting
that teleworking policies should be universally attractive and
supportive, regardless of gender. This finding encourages a
move towards more inclusive workplace practices, aligning
with Industry 5.0 emphasis on social sustainability and
human-centric technologies.

In conclusion, this work highlights the strategic importance
of aligning teleworking practiceswith Industry 5.0 objectives.
By creating an environment that supports teleworking,
Industry 5.0 companies can enhance their competitive
edge through improved flexibility, employee satisfaction,
and innovation capacity. This approach not only capital-
izes on the benefits of advanced technologies, but also
addresses the human factors critical to successful digital
transformation.

VII. CONCLUSION
This article has developed a causal model to assess the
extent to which a series of factors can influence the adoption
of teleworking in Industry 5.0. The results indicated that
reduced commuting and improved productivity can be seen as
benefits of this mode of work. Additionally, it was established
that prior to the implementation of teleworking, companies
must create policies and procedures to regulate and monitor
compliance, so that teleworking does not compromise
information security, does not lead to unnecessary investment
losses, and, most importantly, allows the organization to
maintain control of employees and all activities conducted
outside the organization.

In addition, factors such as education level, industry sector,
and concerns about productivity and cybersecurity have
been shown to impact the adoption of teleworking. The
integration of control variables into the structural model has
provided a clearer understanding of what drives teleworking
practices. For companies aiming to align with Industry 5.0,
this research highlights the need to develop teleworking
strategies that are technologically advanced but also sensitive
to the diverse needs of their employees. This approach
will help organizations leverage the full benefits of digital
transformation, leading to greater flexibility, innovation, and
better employee satisfaction, which are key to maintaining a
competitive edge in an increasingly digital world.

Our study, while comprehensive in its approach to
examining the adoption of teleworking in the context of
Industry 5.0, acknowledges several limitations that may

affect the generalizability and applicability of our findings.
In particular, psychological factors, such as stress, social
isolation, and lack of socialization, that could affect employee
experiences and outcomes related to teleworking were not
explored. This decision was based on the initial objective
of our research to specifically analyze the adoption of
teleworking from a technological and demographic perspec-
tive, rather than a psychological one. On the other hand,
given the focus on Industry 5.0, the study may inherently
bias towards industries and populations that are already
technologically advanced. This could limit the relevance of
the findings to sectors where digital transformation is not as
prevalent.

As a future work, it is intended to incorporate these
psychological variables into the proposed causal model.
These elements are closely related to the health and
well-being of employees, and some authors have identified
them as drawbacks of teleworking. Investigating how these
factors can affect the decision to embrace teleworking
will improve the comprehensive understanding of the
psychological effects associated with this mode of work.
Additionally, the study of emerging technologies is being
analyzed to identify tasks suitable for teleworking in Industry
5.0. Future research is planned to address these gaps
by incorporating a broader range of variables, including
psychological aspects, to provide a more holistic view of the
teleworking environment and its challenges within Industry
5.0 frameworks.
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