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Abstract: Technological innovation and Industry 5.0 are gaining increasing attention among re-
searchers as they offer companies a significant competitive advantage. On the other hand, introducing
these technologies also brings new risks for workers. The current literature reveals a lack of studies
that effectively integrate occupational safety and health (OSH) within this emerging technological
context and analyse the impacts of their use. This study aims to explore how companies interact with
macro-level interventions that promote technological innovation and to understand their impact on
different dimensions of company performance, including aspects related to OSH. Based on the exist-
ing literature, a research framework is presented that identifies the stakeholders involved, the inputs
facilitating their interaction, and the cascading effects and changes. A mixed-methods approach was
adopted by employing an in-depth survey with 89 companies responding and composed of both
open-ended questions, to capture rich, qualitative insights, and multiple-choice questions, to gather
quantifiable data. Two change levels have been identified: general changes and specific changes
related to OSH. The analysis also delved into the main drivers and barriers that lead companies
to engage with technological improvements and the multiple changes these interventions generate
across company dimensions.

Keywords: technological innovation; Industry 5.0; occupational safety; occupational health; impact;
changes; drivers; barriers; interventions

1. Introduction

Technological innovation has become a driving force in transforming industrial pro-
cesses and organisational structures [1,2]. Significant transformations have been led by
the spread of Industry 4.0, which has revolutionized production through cyber-physical
systems, the Internet of Things (IoT), and smart manufacturing. Building on this foun-
dation, Industry 5.0 introduces a more human-centred approach, enhancing the digital
transformation and automation advances brought by Industry 4.0 [1,3]. This paradigm
shift not only furthers technological progress but also addresses environmental and social
dimensions, including worker well-being [3,4].

A healthy workforce constitutes an invaluable resource for efficient production pro-
cesses, making occupational safety and health (OSH) issues of paramount importance. The
International Labour Organisation (ILO) estimates that approximately 2.2 million people
die globally each year due to work-related accidents and illnesses. Additionally, over
270 million workers suffer from non-fatal injuries [5], which lead to prolonged absences
from work and life-changing consequences [6].
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Thus, leveraging the potential of Industry 5.0 to provide secure working conditions for
workers becomes crucial. Technological developments present opportunities to significantly
improve OSH measures, but technology also introduces new types of risks [3,7]. As reported
by Leso et al. [8], these technologies can make work tasks more flexible, safer, and socially
inclusive. However, they can also create new health and safety risks with significant
impacts on various aspects of a company’s operations [8]. The innovations guided by
Industry 5.0 have the potential to raise worker awareness about OSH, ultimately facilitating
their access to safer working conditions [1,9].

The following sub-sections include key topics related to OSH interventions (Section 1.1),
the role of technological innovation in shaping OSH (Section 1.2), and finally, gaps in the
existing research and the key research questions that will guide further investigation
(Section 1.3).

1.1. OSH Interventions

The term “OSH intervention” refers to any physical artefact, process, procedure, skill
set, or specialised knowledge that enhances health and safety, reduces or eliminates hazards
for safety, or maintains, strengthens, or restores safety [10].

In the past, companies did not invest in OSH interventions because they were consid-
ered a burden rather than an added benefit. The interventions implemented within the
company were typically adopted to improve productivity rather than OSH. Today, however,
companies are increasingly recognizing that effective interventions can improve both OSH
and productivity [11]. Many of the core principles needed for efficient OSH management—
such as strong quality control, financial stability, and robust general management—are also
essential for achieving broader organisational goals. Therefore, investing in OSH can bring
benefits that go beyond worker well-being [12]. However, implementing effective OSH
interventions remains challenging because companies must adapt to a complex and ever-
changing environment shaped by organisational, economic, and technological factors [13].
Given this complexity, the numerous variables involved make it challenging to assess the
impact of these factors on the effectiveness of interventions, making it difficult to predict
their success [14].

Lund and Aarø [15] identified three main types of OSH interventions for accident
and injury prevention in organisations, dividing changes into three categories: behaviour
change, attitude change, and structural change.

• Behaviour change includes methods for directly changing behaviour without attempt-
ing to influence attitudes. Techniques like skill training and reward systems change
behaviour.

• Attitude change relates to the process of changing attitudes by persuasion and information.
• Structural change refers to changing the physical environment and to modification

and the availability of products.

Elements from all three major classes of preventative measures have been identified
as sometimes utilized concurrently. Indeed, applying preventive measures from one area
only may not be as successful as combining actions from other categories. Lund and Aarø’s
model helps to identify lines of change and to understand the relationships between them.

According to Niskanen et al. [16], the interventions can occur at different levels,
micro, meso, and macro, which adds degrees of organisational complexity and “levels of
complexity”. In particular, the three levels can be defined as follows [16]:

• Micro-level analysis (individuals) concerns the effects on individuals, such as man-
agers and employees, within the organisation.

• Meso-level analysis (organisations) refers to the impact of OSH measures that occur
between the micro and macro levels, such as interactions within a company.

• Macro-level analysis (legislation) includes the impact of interactions caused by OSH
legislation and implemented regulatory practices which influence and interact with
the entire company.
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Each level involves different organisational forces and variables influencing a com-
pany’s efficiency and ability to effect change. Niskanen et al. [16] presented a study related
to the application of this multi-level approach, aiming to obtain a deeper understanding
that allows for the examination of organisational processes from top-down and bottom-up.
In their study, they underlined the need to consider a “bridge level” that moves from expla-
nations of individual behaviour at the micro-level to explanations of organisational system
characteristics at the meso-level and then to explanations of legislation at the macro-level
to analyse practical implications [16].

This analysis is required to determine how much a macro intervention, such as legis-
lation, policies, programmes, or great investments of various kinds, impacts a company.
However, the literature lacks an adequate number of sources and studies that evaluate
and analyse OSH interventions by considering the system as a whole, lacking particular
attention to the actual impacts resulting from macro-level interventions.

Scholars of the academic literature have extensively examined the main features and
evolution of OSH interventions, focusing on the three main stages of their development:
design, implementation, and evaluation [17]. These phases are intrinsically linked concep-
tually and temporally [18]. However, while they are closely related, certain drivers and
barriers may play a more critical role at specific stages of the intervention process [19].

In this context, several studies have investigated the influence of these factors on OSH
interventions [20], showing how they can have a significant impact at the strategic and
operational levels. However, the proposed theoretical models are often difficult to use
during the design phase since they lack systematic and structured guidelines to identify the
relevant mechanisms and contextual factors relevant to specific OSH interventions. This
makes it complicated for practitioners to identify these elements, forcing them to rely mainly
on their expertise and experience [19,21]. For this reason, many OSH interventions can only
be effective under controlled conditions; when implemented in actual practice, especially
in Small and Medium-sized Enterprises (SMEs), they may not work as expected [13].

Furthermore, although the three phases of OSH interventions are all equally important
for their success, the literature shows that many models currently used for the evaluation
phase have significant limitations and need further improvement [22]. It is important to
underline that no model can be universally applied to all types of intervention. Each imple-
mentation occurs in a unique context, rendering a standardized approach ineffective [10].
OSH interventions must consider several and varied contextual factors, such as industry,
culture, and organisational structure, which can influence outcomes in different ways. As a
result, an intervention that is successful in one context may not be successful in another.
Therefore, the context in which the intervention occurs is crucial to understanding how
programmes change outcomes [23].

Finally, while interventions are generally planned with clear objectives and well-
defined activities, a long-term assessment of outcomes is often lacking, with few or no
indicators to monitor their success over time [24]. Many authors consider using indicators
to assess performance at all stages of an intervention as a key tool for collecting qualitative
and quantitative data during the planning, monitoring, training, and impact phases, thus
contributing to the development of improved solutions [25]. In particular, intermediate
indicators are essential for monitoring the intervention’s progress and for replacing, antici-
pating, and measuring potential outcomes [22]. It is equally important to determine what
information needs to be subsequently monitored to ensure the continuous improvement
and long-term success of the intervention [24].

Current research, however, does not provide a comprehensive model with the relevant
and significant factors that practitioners can use in designing OSH interventions and a
framework with a cause-and-effect chain structure since the studies focus on a limited
number of factors or specific aspects.
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1.2. Technological Innovation and OSH

Technological innovation is defined as the use of new technologies to make changes
to products or services or the methods by which those products or services are man-
ufactured [26]. It represents “a fundamental driver of economic growth and human
progress” [27]; however, its implementation presents challenges. The introduction of new
technologies requires a considerable commitment, often hindered by high risks, a shortage
of skilled workers, insufficient funding, and regulatory constraints [28]. These obstacles
are particularly evident in the case of SMEs, as they do not have the same opportunities as
large businesses [29].

Investing in innovation is inherently more risky than other types of investment. Inno-
vative projects, which aim to introduce new products, processes, or organisational practices,
lead to greater uncertainty about the expected results. This can lead to failures, such as
project abandonment before completion or significant delays, thus increasing investment
costs. Furthermore, the relationship between innovation and progress is not straightfor-
ward; only a small percentage of businesses benefit from investing in innovation [30,31].
As a result, many companies prefer to maintain established strategies, especially when they
continue to produce satisfactory results.

In recent years, Industry 4.0 has represented a further advancement in technological
innovation. This new production paradigm [7,32], based on the intensive use of advanced
technologies, has a significant impact on work and workers. In this scenario of industrial
transformation, the study by Zorzenon et al. (2022) [33] provides an important contribution
to the analysis of the effects of adopting Industry 4.0 technologies on OSH, while also
introducing the more human-centred approach central to Industry 5.0. The authors offer
a detailed analysis, highlighting both the benefits and the challenges associated with the
implementation of these technologies. Among the key benefits is the potential to make
workplaces safer and to mitigate and prevent occupational risks [34,35]. Some specific
applications include excluding humans from hazardous environments through the use of
industrial robots, continuous monitoring of workplace factors such as noise, temperature,
and humidity to improve safety [32], improving industrial hygiene, and controlling machine
safety advancements via smart devices [33].

However, the adoption of these technologies is not without risks. Some negative
effects may include an increase in psychosocial risks related to the work environment,
organisational work styles, pathogenic suffering from work, and work-related harm [7,32],
increased stress [32], and mental fatigue [34]. Additionally, new risks may emerge in the
work environment due to the use of these technologies, such as the risk of electric shocks,
risks in human–robot interaction, and cyber-attacks [34]. There may also be a reduction in
the level of supervision due to the adoption of these technologies [36], as well as potential
health issues like poor circulation and weakened bones and muscles resulting from reduced
mobility and activity (sedentarism) [37].

In this context, the implementation of Industry 4.0 technologies must take human
aspects into account as an essential part [33]. Collaboration between researchers, policy-
makers, and stakeholders will be fundamental in ensuring a safe and optimal transition
towards a more advanced production ecosystem.

In response to these needs, with the advent of Industry 5.0, the focus shifts towards a
more harmonious integration between automation and the centrality of the human being.
This new paradigm aims to create environments that enhance employee engagement,
safety, well-being, and productivity while also strengthening the role of human learning.
Unlike Industry 4.0, which primarily emphasises technological efficiency, Industry 5.0
seeks to promote greater collaboration between individuals and technological systems [38].
Despite the progress, Industry 5.0 still faces several challenges related to the effects left
by Industry 4.0. Although numerous studies highlight the links between the adoption
of Industry 4.0 technology and OSH [7,32], research exploring this intersection is still
insufficient [7,39]. There needs to be a comprehensive and up-to-date view of the state
of the art regarding the relationship between technological innovation (Industry 4.0 and
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5.0) and OSH in companies [32]. This approach will be crucial in addressing emerging
challenges and evaluating the effectiveness and flexibility of OSH management systems in
light of a constantly evolving production context and emerging occupational risks [32].

1.3. Gaps and Research Questions

The literature review has provided a deeper understanding and greater awareness
of the two main themes on which this study is based, OSH and technological innovation,
as well as their inter-relationship. Despite the progress in technological innovation, a
significant gap remains in the literature regarding its intersection with OSH [7,39]. Techno-
logical innovations are often evaluated solely for their productivity and efficiency, without
considering the different levels of analysis necessary to understand the ripple effects they
can have on companies [32,40]. Most research focuses on operational gains while neglecting
the broader impacts on worker health and safety [41]. This leads to a limited understanding
of how macro-level interventions can influence companies through cascade effects.

Furthermore, significant gaps have emerged, particularly regarding the lack of compre-
hensive evaluations of OSH interventions across all system levels (macro, meso, and micro),
by studying significant factors with a cause-and-effect chain structure that practitioners
can use in designing OSH interventions.

This study addresses the gaps identified by examining the multiple impacts of macro-
level interventions that generate significant changes in companies and individuals. The
main objective is to analyse how technological innovation influences various dimensions of
company performance, including OSH. This study analyses macro-level interventions and
how they have impacted various organisational aspects. By applying a mixed-methods
approach based on an in-depth survey and evaluating the impact of various interventions
more clearly and directly, this study examines the whole system from which a change in
the organisation comes or from which other changes cascade. The results will contribute to
a more comprehensive understanding of how innovation can be effectively aligned with
OSH to foster long-term corporate success and sustainability [4,8].

To sum up, this study aims to answer the following questions:

• How do companies interact with macro-level interventions that promote technological
innovation?

• What is the impact of various meso-level interventions, such as technological innova-
tion and/or OSH, on different dimensions of company performance, including those
of OSH?

This paper is structured as follows: Section 2 outlines the context in which this study
was conducted, presents the research framework, and describes the research methodology;
Section 3 presents the main findings; Section 4 discusses the results; and finally, Section 5
offers conclusions and recommendations for future development.

2. Materials and Methods
2.1. Context and Actors Involved

This study is part of a larger project conducted in partnership with the Italian National
Institute for Insurance against Accidents at Work (INAIL, i.e., in Italian, “Istituto Nazionale
Assicurazione Infortuni sul Lavoro”) and the MADE Competence Centre (CC), a research
and promotion centre for Industry 4.0, supporting Italian companies in knowledge and
awareness regarding various technological innovation issues, proper adoption of Industry
4.0 technologies, and the implementation of innovation projects.

INAIL continuously finances research projects from different disciplines to improve
the well-being of workers and increase the overall effectiveness of prevention activities.
This specific project has the objective of assessing the impact of OSH interventions that
have originated from or been promoted through technological innovation, particularly
in SMEs. The project aims to develop effective tools for causal analysis and long-term
monitoring of the effects produced by these interventions. The project not only focuses on
OSH, but it also includes other kinds of company performances, including OSH. It is crucial
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to understand why an intervention has specific performances, finding the connections, and
not just cause-and-effect, that reliably explain the outcome.

2.2. Research Framework

A research framework was constructed from the objective of this study, finding the
most effective way to assess the multiple impacts of a variety of interventions.

The framework is based on theoretical foundations. The study by Niskanen et al. [16],
previously discussed, supports classifying interventions into three categories: macro-,
meso-, and micro-levels. This multi-level model enables an analysis of the changes and
actions implemented within the company, beginning with the macro-level interventions
introduced by the CCs. Another important model considered for the development of the
research framework is that of Lund and Aarø [15], seen before, which focuses on accident
and injury prevention in organisations, dividing changes into three categories: behaviour
change, attitude change, and structural change.

The resulting framework is represented in Figure 1. The project’s actor mapping and
the process led to a number of cascading effects and changes as a result of the interaction
with CCs. The straight-line arrows depict the direct interaction and effect that occurs
between the CC and the company, which decides to contact the CC and utilize its offered
services. Visits, webinars, projects, and courses are the primary ways in which a company
can interact with the CC, taking advantage of its services. Other entities include other third-
party entities, such as clients, suppliers, competitors, business associations, etc., which
represent a driver for the relationship between the CC and companies. They actually have
an indirect effect, influencing, enabling, and promoting the connection between the two
underlying blocks.
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These inputs lead to potential outputs or effects generated in cascade. They have been
divided as follows:

• Output 1—generic changes in the company and its performance. These effects represent
the possible generic changes that directly affect the company, its organisation, and its
performance through interaction with the CC. Output 1 comprises three macro-categories:
knowledge and awareness, physical change, and network and collaboration.

• Output 2—the cascade impact on OSH. These effects represent the cascade impact
and changes that occur specifically in OSH due to interaction with the CC. Output 2
comprises two macro-categories: individual and organisational changes.
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2.3. Procedure: A Mixed-Methods Approach

The methodology adopted to answer the research questions is based on a mixed-
methods approach [42], integrating both qualitative and quantitative techniques, to provide
a comprehensive understanding of the companies’ experiences within the CC. The study
utilized an in-depth survey composed of both open-ended questions, to capture rich,
qualitative insights, and multiple-choice questions, to gather quantifiable data. In particular,
the open-ended questions were designed to explore the companies’ experiences related to
interactions such as visits, participation in webinars, training courses, and the development
of innovation processes. This approach was critical in gaining an in-depth understanding
of how these experiences influenced both their overall performance and OSH outcomes. By
combining qualitative and quantitative data, the mixed-methods approach ensured that the
study not only captured the richness of individual company experiences but also identified
broader trends and patterns that could inform future practices within the CC.

The research focused exclusively on small, medium, and large enterprises, as these
profiles are more likely to engage with CCs and show interest in technological innovation.
Companies usually need to be large enough, have the necessary resources, and need to
know and introduce new technologies to get in touch with the CC. To obtain information
about the companies, the AIDA database [43] was used, which provides detailed economic
and financial information on companies operating in Italy. It contains data such as financial
statements and commodity data of all active and failed Italian companies (excluding banks
and insurance and public entities).

The following selection criteria were applied: companies had to belong to the manu-
facturing sector, have more than 10 employees, generate revenues of at least EUR 2 million,
and have updated information for the years 2021, 2022, or 2023. Data extraction yielded a
population of 34,422 companies, from which a sample of 1603 companies was selected to
receive the questionnaire. According to the Italian Ministry of Economic Development [44],
the sample was designed to reflect the Italian context, characterized by 4.8% small, 0.5%
medium-sized, and 0.1% large enterprises. Micro-enterprises, which comprise the remain-
ing 94.6%, were not included in the selection as they do not fall within the scope of interest.
Therefore, the sample included 1432 small enterprises, 143 medium-sized enterprises, and
28 large enterprises.

The survey, sent by email to this sample, consisted of several questions, including two
gate questions. The first asked if respondents were aware of CCs in Italy and the second
gate question asked if they had contacted a CC. Based on the answers provided, three
different paths were possible, which will be detailed in the next section.

After data collection, the first step in the analysis involved extracting the responses
from Qualtrics, the software used to design the questionnaire, into an Excel file. During
the data cleaning phase, incomplete and inconsistent responses were removed. The next
phase focused on analysing the data to understand user responses, identify reasoning,
and explore patterns and connections between different company groups based on their
characteristics. The combined functions of Qualtrics and Excel supported the creation of
graphs, facilitating the interpretation of key findings.

In-depth comparisons were made, particularly regarding the nature of the company’s
interaction with CCs, categorized into four key areas of potential change: technological
domain, operational infrastructure, organisational domain, and OSH. Questions were
designed to capture how these interactions led to changes in these areas. To identify group
similarities and differences, the analysis also considered qualitative insights from user
responses, providing evidence on the lived experiences of companies and their broader
effects. This cross-sectional approach aimed to capture an overview of the changes driven
by the involvement of CCs, offering a broader understanding of the overall impact.

3. Results

The total number of companies that responded to the survey and contributed to this
study is 89. However, after cleaning the collected data, 26 questionnaires were excluded
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from the analysis because they were incomplete. As a result, 63 companies, including
41 small businesses, 20 medium-sized businesses, and 2 large businesses, constitute the
dataset of valid responses (Figure 2). This reflects, as previously illustrated, the Italian
entrepreneurial landscape, which is primarily characterized by small enterprises, with a
smaller presence of medium and large enterprises.
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As explained in the previous section, the user’s path is determined by two gate
questions. The choices made in these questions established the path that the user followed.
The answers were then divided into three categories, each based on the selected path. The
three paths and their respective outcomes are described below:

• Path 1: The user selected “No” to the initial question: “Are you aware of the presence
of Competence Centres on the Italian territory?” A brief description of the features and
services offered by a CC was presented to these users, highlighting the importance and
potential opportunities they could gain from interacting with it. The questionnaire
concluded by asking whether they were interested in engaging with a CC and the
reasons for their interest.

• Path 2: The user selected “No” to the question: “Did you get in touch with a CC?”
The questionnaire concluded by asking for a brief explanation of the response to the
previous question.

• Path 3: The user declared being aware of and having interacted with a CC, thus
proceeding to answer all of the survey questions.

The results of the different paths are presented below, divided into sections corre-
sponding to each path category.

3.1. Path 1

This section presents the results related to path 1, which includes users unaware of
CCs. For this category, 41 responses were collected: 26 from small companies, 14 from
medium-sized companies, and 1 from a large company. After providing a brief overview of
the services and opportunities offered by a CC, users were asked if they were interested in
collaborating. The responses were as follows:

• Twenty-two companies expressed interest in interacting with a CC;
• Twelve were not interested;
• Seven did not respond.

The size of the interested and non-interested companies is illustrated in Figure 3.
The companies that responded “No” seem to have different motivations. Some pro-

vided general motivations such as “not necessary”, “there is no interest” in a deeper
technological innovation, or “it is not a priority at the moment.” Other companies went
into more detail, highlighting two main barriers: For some, the implementation costs of
new technologies are high and not always proportionate to their size. Other companies
believe they already have all of the necessary support to research, develop, and implement
technological innovations.

On the other hand, the companies that responded “Yes” provided various motiva-
tions. Some highlighted the need to train specialised personnel, the opportunity for future
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improvements, and the development of innovation and R&D projects. The remaining com-
panies expressed a general interest, which can be grouped into three categories: deepening
their knowledge, staying updated on advancements to acquire new skills, and improv-
ing or introducing new production processes by leveraging the opportunities offered by
these technologies.
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Figure 3. Interest in collaborating with CCs by company size.

3.2. Path 2

This section presents the results of path 2, which includes users who are aware of the
existence of a CC but have not yet had any contact with it. For this category, 17 responses
were received. As illustrated in Figure 4, most of the responses come from small and
medium-sized enterprises.
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After selecting this option in the survey, users were asked to provide a brief justification
for their choice, specifically the reason why they have not contacted a CC. The reasons
provided were diverse. In particular, four companies mentioned that they had never really
considered the topic. Meanwhile, the remaining companies reported two main reasons:

• A lack of resources: some companies stated that they did not have the time, informa-
tion, resources, or sufficient personnel to dedicate to such activities.

• A lack of need: some companies did not see the need to interact with a CC, either be-
cause they already had the necessary support or knowledge, or because they preferred
to invest in other areas.

3.3. Path 3

This section presents the results of path 3, related to companies that reported being
aware of a CC and having interacted with it. This category includes five companies, all
belonging to SMEs, of which three are small and two are medium-sized companies.

The first questions of the survey focus on contextualising the interaction with the
CC. As shown in Table 1, these questions concern the year the companies interacted with
the CC, how they became aware of it, and the reasons that prompted them to collaborate.
Each of the five companies became aware of a CC through different ways, such as events,
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associations, regional information, the web, or word of mouth. The motivations behind
collaboration also vary, although the need for renewal and improvement emerged as the
main reasons.

Table 1. Overview of interaction with CCs.

ID
Company

Company
Size

Year of
Contact Driver of Interaction Motivations for

Interaction

1 10–49 2022 Regional information Analysis of technological
innovation status

2 50–249 2014 Trade association Need to improve; need to
renew; training

3 50–249 2023 Association and centre for
research and innovation

Networking and
collaboration

4 10–49 2021 Online
(web e/o social media) Need to improve

5 10–49 2022 Word of mouth from other Need to renew

The companies were then asked to describe their interaction with the CC, specifying
the type of activities carried out and the topics discussed. As highlighted in Table 2,
one company did not specify the nature of the interaction, one reported conducting a
training course to facilitate the use of work support systems, and the other three mentioned
innovation projects such as those focused on artificial intelligence and advanced logistics.

Table 2. Company interaction and activities with CCs.

ID
Company Type of Interaction Activity

1 Innovation projects
Smart monitoring and control of industrial

processes; lean manufacturing; collaborative
robotics and automation

2 Training course Lean manufacturing; collaborative robotics and
automation; intelligent worker assistance systems

3 Innovation projects Artificial intelligence

4 Other Digital twin; virtual design and product
development

5 Innovation projects Advanced logistics; product traceability

After contextualising and outlining the company’s experience with the CC, we asked
the companies to define the general changes that have occurred since then (Table 3).

• Knowledge and awareness: all of the companies reported an increase in their knowl-
edge and awareness through their interaction with the CC, though in different areas
depending on their experiences.

• Physical changes: physical changes occurred in various areas, including the following:

# Technology: new technological solutions or upgrades to existing technologies
in processes, manufacturing, and assembly.

# Operational infrastructure: the physical work environment and equipment/tools
to support manufacturing processes.

# Organisational domain: resources, information, and communication flows,
company policies, procedures, processes, and production pace/efficiency.

# OSH.

Table 3 shows that the changes mainly focused on the technological domain. Three
companies, in particular, reported innovations related to technology, specifically focusing
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on the introduction of Industry 4.0 solutions (Company 1), the digitalisation of work
processes through Enterprise Resource Planning (ERP) system integration (Company 2),
and logistics improvements (Company 5).

• Networking and collaboration, or potential interactions with third-party entities (such
as other companies, customers, suppliers, competitors, trade associations, etc.).

Table 3 shows that only one company collaborated with other entities without specify-
ing the type of synergy that occurred.

The final questions of the survey examined the changes in OSH after the interaction
with the CC. Although only Company 2, as shown in Table 3, reported an increase in knowl-
edge and awareness regarding OSH, other companies indicated changes that occurred
within their organisations in terms of OSH at later stages. It can be hypothesized that
such changes are indirect consequences, arising from the acquisition of new knowledge
or the implementation of physical changes, which later generated impacts in the OSH
domain as well. The OSH changes are divided into OSH organisational changes and
individual changes. Regarding organisational changes, as illustrated in Table 4, the main
areas involved in the changes made by the companies were training, communication, and
information flow, followed by prevention and evaluation of OSH performance and risks,
as well as monitoring and collecting workers’ OSH data. Company 3 did not report any
organisational changes, while Company 5 did not specify any modifications.

Table 3. General changes following interaction with CCs.

ID
Company

Knowledge and
Awareness Physical Changes Networking and

Collaboration

1 Technological domain Technology No

2 Technological
domain; OSH

Technology; operational
infrastructure;

organisational domain

Collaborated with
other entities for

other reasons

3 Operational
infrastructure No No

4 Technological domain No No

5 Organisational
domain Technology No

Table 4. OSH changes following interaction with CCs.

ID
Company OSH Organisation Changes OSH Individual Changes

1 Prevention and evaluation of OSH performance
and risks None

2
Training; communication and information flow;
monitoring and collection of workers’ OSH data

(availability, reliability, real-time data)

Cognitive factors; team
characteristics

3 None None

4 Training; communication and information flow Cognitive factors

5 - -

In particular, upon further investigation of the OSH changes, the users provided the
following explanations:

• For Company 1: the risk evaluation was changed, updated, and improved with the
introduction of new machinery.

• For Company 2: an improvement in internal communication was made due to the
digitization of all processes.
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• For Company 4: production flow communication procedures and training sessions
have been integrated.

As for individual changes, as shown in Table 4 below, the factors most influenced by the
interaction with the CC were cognitive factors. These include behaviour, attitude, resistance
to change, knowledge, awareness of the importance of OSH, skills and competencies,
mental stress and fatigue, motivation, and experience. Other changes related to team
characteristics include composition, cohesion, coordination, and integration with non-local
workers. However, Companies 1 and 3 did not observe any individual changes, while
Company 5 did not provide any information on these aspects.

4. Discussion

The questionnaire results provide an important overview of how companies interact
with macro-level interventions aimed at promoting technological innovation. In this
context, the macro-level intervention in question is represented by the CC. The analysis
of the responses from companies in paths one and two offers an external perspective that
allows for a better understanding of the motivations behind their interaction with such
an intervention. This has enabled us to identify the main barriers and constraints limiting
companies’ engagement with CCs and to discuss the potential interest in contacting CCs,
exploring the factors that might influence this decision.

From the analysis of the 22 positive responses from companies in path 1, it is clear that
some companies desired to contact a CC to enrich their cultural background, knowledge,
and awareness related to technological innovation. Other companies expressed an interest
in staying updated on advancements and acquiring new skills, while others saw this as an
opportunity to improve current business processes and/or introduce new ones.

On the other hand, many companies faced barriers to adopting technological inno-
vation, primarily due to a lack of resources. It is particularly noteworthy that among the
companies aware of the CC but choosing not to contact it (path two), 16 out of 17 were
SMEs. As highlighted by the literature and confirmed by the questionnaire results, SMEs,
being smaller and with limited resources, often lack the time, finances, personnel, and
necessary information to invest in new technological projects. As noted in the questionnaire,
some companies stated that the costs associated with engaging and implementing these
new technologies are considerable and require investments that are not always sustainable.
Moreover, the solutions offered are not always proportionate to the company’s size. This
resource deficit constitutes one of the main barriers preventing companies from seizing
opportunities for improvement or skill growth. As a result, macro-level interventions
are not always accessible and appropriate for all types of enterprises since many lack the
resources and tools to embrace these opportunities.

In addition, some companies expressed a lack of need or interest in contacting a
CC. Some claim to already have all of the knowledge and skills necessary to proceed
independently; others state that they have support, including external support, to solve
this problem, while others prefer to focus their investments in different sectors. This lack of
need or interest is likely because they already have all of the skills and resources necessary
for their production, or it could be due to negligence, which prevents them from seizing
the opportunity to deepen their understanding of the available and useful innovations.

To overcome these barriers, SMEs may consider collaborating with the CC. The CC is
designed to promote and disseminate knowledge and to support companies in developing
technological projects. It provides a wide variety of knowledge, methods, and tools in
digital technologies and supports companies in addressing the digital transition towards a
smart, connected, and sustainable factory. By working with the CC, SMEs could obtain the
support they need to meet innovation challenges, overcome resource constraints, and fully
exploit available technological opportunities.

Regarding companies engaged with CCs, the analysis shows the motivations that
drove the five different companies to interact with a macro-level intervention, such as those
promoted by CCs in this case. The motivations were many and varied, as were the drivers
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that led them to interact with the CC (regional information, trade associations, research
and innovation centres, online—web and/or social media—and word of mouth). The
activities carried out within it were different also according to the needs of the company
that decided to investigate using CCs. Regarding the changes that companies experienced
after interacting with the CC, it can be observed that in all cases, there was an increase in
knowledge and awareness. However, not all companies reported physical changes. This
can be explained by the fact that different inputs, such as the type of interaction and themes
explored, lead to different and complex impacts, which generate further effects, giving rise
to multiple potential chains of change. By analysing the causal diagrams of the different
companies, it is clear that physical changes were made by companies that needed to renew
parts of their infrastructure. This is the case for Companies 1, 2, and 5, which, respectively,
decided to implement technological innovation through new production machinery, digitise
all processes and integrate them with ERP systems for real-time progress monitoring, and
make logistical improvements.

The analysis of the results also shows that only one company developed networks
and collaborations as a result of the interaction with the CC. This may suggest possible
aversion to sharing the information gained, a limited understanding of the benefits, or a
general lack of interest in participating in collaborative interventions.

Concerning the second level of detail, it can be seen that knowledge and awareness,
physical change, or both, if present, almost always directly influence the OSH domain,
both at the individual and organisational level. This is evident, for example, in the case
of Company 1, where, to analyse the state of Industry 4.0, the company decided to revo-
lutionize its production machinery, enabling better risk prevention and assessment and
leading to organisational changes in the OSH domain. Another key aspect is that the
two macro-categories of OSH, individual change and organisational change, if both are
present, influence each other reciprocally. This can be seen in Company 4, where the
acquisition of new knowledge and awareness led to both organisational and individual
changes in the area of OSH, improving internal communication and introducing training,
as well as creating a healthy, constructive, and challenging working environment through
professional development plans. These two types of OSH changes are closely related:
the creation of a stimulating and motivating environment promotes healthy conditions
and better integration of communication procedures between people; at the same time,
training and more effective communication contribute to the creation of a healthy, safe, and
constructive environment.

The analysis clearly highlights the value of examining the multiple changes gener-
ated by the implemented interventions and understanding their interconnections, which
facilitates deriving insights about which inputs produce specific outputs and how these, in
turn, lead to further cascading effects. These effects have an impact both on the general
dimensions of the company, for example, introducing new technologies or changing the
work environment, processes, and resources, and on all of the performance aspects related
to them. Additionally, these changes also affect the OSH dimension, both at the organi-
sational level, with new training sessions, a safer work environment, better monitoring,
risk assessment, and better communication, and at the individual level, such as cognitive
factors, teams, and all of the performance aspects related to these two OSH macro-groups.

5. Conclusions

This study represents a significant contribution to understanding the combination of
technological innovation and OSH improvement. It is a part of a broader project funded by
INAIL and in collaboration with the MADE CC.

The literature review highlighted a significant lack of studies that comprehensively
integrate technological innovation and OSH topics, with a limited understanding of how
technological advances affect OSH. Technological innovation is generally associated with
improved productivity and business efficiency, while OSH interventions are still consid-
ered isolated activities without the potential to contribute to improving overall company
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performance. At the same time, there is little understanding of how a macro-level inter-
vention can influence a firm through cascading effects, including the general impact on
company performance (i.e., knowledge and awareness, physical changes, and networking
and collaboration) and OSH-specific ones (i.e., individual and organisation changes).

Therefore, this study examines how firms interact with macro-level interventions
that promote technological innovation and their impact on various aspects of company
performance, such as technological innovation and OSH. The macro-level intervention
analysed is represented by the CC. A research framework, based on theoretical foundations,
was built to identify the most effective way to assess the multiple impacts of a variety of
interventions. It maps the actors involved, the inputs that facilitated their interaction, and
the cascading effects and changes as a result of the interaction with CCs. In particular,
two levels of detail have been identified for the potential changes that may occur within
the company following interaction with the CC: Output 1 (general changes) and Output 2
(changes related to OSH). Based on a mixed-methods approach, a structured survey was
then created to examine the interaction with the CC and the resulting changes. From the
analysis of the 89 companies participating in the survey, several conclusions emerged.

• In the analysis of companies that had not yet interacted with a CC, drivers
(e.g., in-depth study, continuous updating, need to improve and innovate, training,
R&D projects, networking, and collaboration) and barriers (e.g., lack of time, human
resources, information, financial resources, adequate offerings, need, or interest) were
identified that influence the interaction with a CC.

• In the analysis of companies with experience with a CC, it emerged that all of them
reported increased knowledge and awareness. However, not all companies detected
physical changes due to the variability in the inputs and topics addressed, which led to
different and complex impacts, potentially generating multiple chains of changes. Re-
garding the second level of detail, it is noted that knowledge and awareness, physical
change, or both, if present, almost always directly influence OSH, both at the individ-
ual and organisational level. Moreover, the two macro-categories of OSH, if both are
present, influence each other reciprocally. The analysis highlights the importance of
understanding the multiple changes generated by the implemented interventions and
their interconnections, emphasising how specific inputs can lead to outputs that create
cascading effects.

The analysis of the results highlights some limitations. Most of the answers come
from companies that were unaware of the existence of a CC or had no direct contact with
it. There are few responses from those with direct experience with a CC, which suggests
the need for further research. The sample of companies that engaged with CCs is limited
and not representative of all possible scenarios, which reduces the generalizability of the
results. Therefore, it is essential to enlarge the sample to obtain more representative data.
Although the AIDA database provides general information on companies, it does not offer
specific details about their involvement with CCs. Therefore, it would be appropriate to use
more targeted channels to identify companies with suitable profiles and achieve a higher
response rate. Furthermore, it would be interesting and useful to delve deeper into the
experiences within the CC, possibly through interviews. This would allow for a better
understanding of all of the effects generated within the company as a result of contact
with the CC through targeted questions and could also bring to light new and unexpected
insights during the conversation. Acquiring a broader range of information on companies’
experiences and the changes implemented could help develop more in-depth analyses.

Another limitation concerns the research framework, which, although based on estab-
lished elements in the literature, could benefit from comparison with experts in the field to
validate its effectiveness and identify potential areas for improvement. The involvement of
experts with knowledge in the implementation of macro-level interventions and the analy-
sis of their impact could significantly contribute to refining and broadening the framework,
thus improving its relevance and applicability.
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34. Adem, A.; Çakit, E.; Dağdeviren, M. Occupational Health and Safety Risk Assessment in the Domain of Industry 4.0. SN Appl.
Sci. 2020, 2, 977. [CrossRef]

35. Nicoletti, L.; Padovano, A. Human Factors in Occupational Health and Safety 4.0: A Cross-Sectional Correlation Study of
Workload, Stress and Outcomes of an Industrial Emergency Response. Int. J. Simul. Process Model. 2019, 14, 178–195. [CrossRef]

36. Kadir, B.A.; Broberg, O. Human Well-Being and System Performance in the Transition to Industry 4.0. Int. J. Ind. Ergon. 2020,
76, 102936. [CrossRef]

37. Cardillo, E.; Caddemi, A. Feasibility Study to Preserve the Health of an Industry 4.0 Worker: A Radar System for Monitoring the
Sitting-Time. In Proceedings of the 2019 IEEE International Workshop on Metrology for Industry 4.0 and IoT, MetroInd 4.0 and
IoT 2019, Naples, Italy, 4–6 June 2019; Institute of Electrical and Electronics Engineers Inc.: New York, NY, USA, 2019; pp. 254–258.

38. Industrial Technologies Roadmap on Human-Centric Research and Innovation for the Manufacturing Sector. ERA Research
and Innovation. Available online: https://op.europa.eu/en/publication-detail/-/publication/4a5594d1-4ee3-11ef-acbc-01aa7
5ed71a1 (accessed on 30 August 2024). [CrossRef]

39. Haas, E.J.; Cauda, E. Using Core Elements of Health and Safety Management Systems to Support Worker Well-Being during
Technology Integration. Int. J. Environ. Res. Public Health 2022, 19, 13849. [CrossRef]

40. Franco, D.; Miller Devós Ganga, G.; de Santa-Eulalia, L.A.; Godinho Filho, M. Consolidated and Inconclusive Effects of Additive
Manufacturing Adoption: A Systematic Literature Review. Comput. Ind. Eng. 2020, 148, 106713. [CrossRef]

41. Calzavara, M.; Battini, D.; Bogataj, D.; Sgarbossa, F.; Zennaro, I. Ageing Workforce Management in Manufacturing Systems: State
of the Art and Future Research Agenda. Int. J. Prod. Res. 2020, 58, 729–747. [CrossRef]

42. Creswell, J.W. A Concise Introduction to Mixed Methods Research; SAGE Publications: Thousand Oaks, CA, USA, 2015; Volume 1999,
ISBN 9781483359045.

43. Aida. Available online: https://login.bvdinfo.com/R0/AidaNeo (accessed on 26 August 2024).
44. Ministero Dello Sviluppo Economico. Le Pmi e Il Sistema Produttivo Italiano. Available online: https://www.mimit.gov.it/

images/stories/Dip_Internazionalizzazione/sistema-produttivo-e-dati-congiunturali-pmi.pdf (accessed on 9 October 2024).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/ijerph15081621
https://doi.org/10.1016/j.ergon.2006.06.007
https://doi.org/10.1002/(SICI)1097-0274(199604)29:4%3C285::AID-AJIM1%3E3.0.CO;2-O
https://doi.org/10.1177/1356389007082129
https://doi.org/10.1016/j.evalprogplan.2016.01.001
https://doi.org/10.3390/ijerph20247142
https://doi.org/10.1177/014920638701300408
https://doi.org/10.2139/ssrn.3346495
https://doi.org/10.1016/j.respol.2011.09.008
https://doi.org/10.1016/j.techfore.2023.122474
https://doi.org/10.1016/j.respol.2008.01.003
https://doi.org/10.1007/s11187-014-9563-7
https://doi.org/10.34111/ijebeg.20191123
https://doi.org/10.1016/j.ssci.2022.105802
https://doi.org/10.1007/s42452-020-2817-x
https://doi.org/10.1504/IJSPM.2019.099912
https://doi.org/10.1016/j.ergon.2020.102936
https://op.europa.eu/en/publication-detail/-/publication/4a5594d1-4ee3-11ef-acbc-01aa75ed71a1
https://op.europa.eu/en/publication-detail/-/publication/4a5594d1-4ee3-11ef-acbc-01aa75ed71a1
https://doi.org/10.2777/0266
https://doi.org/10.3390/ijerph192113849
https://doi.org/10.1016/j.cie.2020.106713
https://doi.org/10.1080/00207543.2019.1600759
https://login.bvdinfo.com/R0/AidaNeo
https://www.mimit.gov.it/images/stories/Dip_Internazionalizzazione/sistema-produttivo-e-dati-congiunturali-pmi.pdf
https://www.mimit.gov.it/images/stories/Dip_Internazionalizzazione/sistema-produttivo-e-dati-congiunturali-pmi.pdf

	Introduction 
	OSH Interventions 
	Technological Innovation and OSH 
	Gaps and Research Questions 

	Materials and Methods 
	Context and Actors Involved 
	Research Framework 
	Procedure: A Mixed-Methods Approach 

	Results 
	Path 1 
	Path 2 
	Path 3 

	Discussion 
	Conclusions 
	References

