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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, intro-
ducing 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 tech-
nological context and analyse the impacts of their use. This research aims to explore how companies
interface 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 existing 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 through an in-depth survey, conducted on 89 companies and com-
posed of both open-ended questions, to capture rich, qualitative insights, and multiple-choice ques-
tions, to gather quantifiable data. Two change levels have been identified: general changes and spe-
cific 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 interven-
tions generate across company dimensions.

Keywords: Technological Innovation; Industry 5.0; Occupational Safety; Occupational Health; Im-
pact; Changes; Drivers; Barriers; Interventions

1. Introduction

Technological innovation has become a driving force in transforming industrial pro-
cesses and organizational structures [1,2]. Significant transformations were led by the
spread of Industry 4.0, which has revolutionized production through cyber-physical sys-
tems, the Internet of Things (IoT), and smart manufacturing. Building on this foundation,
Industry 5.0 introduces a more human-centred approach, enhancing the digital transfor-
mation and automation advances brought by Industry 4.0 [1,3]. This paradigm shift not
only furthers technological progress but also addresses environmental and social dimen-
sions, 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,
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over 270 million workers suffer from non-fatal injuries [5], which lead to prolonged ab-
sences from work and life-changing consequences [6].

Thus, leveraging the potential of Industry 5.0 to provide secure working conditions
for workers becomes crucial. Technological developments present opportunities to signif-
icantly 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, ulti-
mately 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 haz-
ards to safety, or maintains, strengthens, or restores safety [10].

In the past, companies did not invest in OSH interventions because they were con-
sidered a burden rather than an added benefit. The interventions implemented within the
company were typically done 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 manage-
ment — such as strong quality control, financial stability, and robust general management
— are also essential for achieving broader organizational 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 com-
plex and ever-changing environment shaped by organisational, economic and technolog-
ical factors [13]. Given this complexity, the numerous variables involved make it challeng-
ing to assess the impact of these factors on the effectiveness of interventions, making it
difficult to predict their success [14].

Lund & Aarpe [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.

e  Behaviour change: includes methods for directly changing behaviour without at-
tempting to influence attitudes. Techniques like skill training and reward systems
change the behaviour.

e  Attitude change: relates to the process of changing attitudes by persuasion and infor-
mation.

e  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 & Aare’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: mi-
cro, meso, and macro, which adds degrees of organisational complexity and ““levels of
complexity”. In particular, the three levels can be defined as follows [16]:

e Micro-level analysis (individuals): concerns the effects on individuals, such as man-
agers and employees, within the organisation.
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e  Meso-level analysis (organisations): refers to the impact of OSH measures that occur 95
between the micro and macro levels, such as interactions within a company. 96

e  Macro-level analysis (legislation): includes the impact of interactions caused by OSH 97
legislation and implemented regulatory practices, which influence and interact with 98
the entire company. 99
Each level involves different organisational forces and variables influencing a company’s 100
efficiency and ability to effect change. Niskanen et al. [16] presented a study related to the 101
application of this multilevel approach, aimed at obtaining a deeper understanding that 102
allows the examination of organisational processes from top-down and bottom-up. In 103
their study, they underlined the need to consider a “bridge level” that moves from expla- 104
nations of individual behaviour at the micro-level, to explanations of organisational sys- 105
tem characteristics at the meso-level, and then to explanations of legislation at the macro- 106
level, to analyse practical implications [16]. 107
This analysis is required to determine how much a macro intervention, such as leg- 108
islation, policies, programs, or great investments of various kinds, impacts a company. 109
However, the literature lacks an adequate number of sources and studies that evaluate 110
and analyse OSH interventions considering the system as a whole, with particular atten- 111
tion to the actual impacts resulting from macro-level interventions. 112
Scholars in the academic literature have extensively examined the main features and 113
evolution of OSH interventions, focusing on the three main stages of their development: 114
design, implementation and evaluation [17]. These phases are intrinsically linked concep- 115
tually and temporally [18]. However, while they are closely related, certain drivers and 116
barriers may play a more critical role at specific stages of the intervention process [19]. 117
In this context, several studies have investigated the influence of these factors on 118
OSH interventions [20], showing how they can have a significant impact at the strategic 119
and operational levels. However, the proposed theoretical models are often difficult to 120
use during the design phase since they lack systematic and structured guidelines to iden- 121
tify the relevant mechanisms and contextual factors relevant to specific OSH interven- 122
tions. This makes it complicated for practitioners to identify these elements, forcing them 123
to rely mainly on their expertise and experience [19,21]. For this reason, many OSH inter- 124
ventions can only be effective under controlled conditions; when implemented in actual 125
practice, especially in Small and Medium-sized Enterprises (SMEs), they may not work as 126
expected [13]. 127
Furthermore, although the three phases of OSH interventions are all equally im- 128
portant for their success, the literature shows that many models currently used for the 129
evaluation phase have significant limitations and need further improvement [22]. Itisim- 130
portant to underline that no model can be universally applied to all types of intervention. 131
Each implementation occurs in a unique context, rendering a standardized approach in- 132
effective [10]. The OSH interventions must consider several and varied contextual factors, 133
such as industry, culture and organisational structure, which can influence outcomes in 134
different ways. As a result, an intervention that is successful in one context may not be 135
successful in another. Therefore, the context in which the intervention occurs is crucial to 136
understanding how programmes change outcomes [23]. 137
Finally, while interventions are generally planned with clear objectives and well-de- 138
fined activities, a long-term assessment of outcomes is often lacking, with few or no indi- 139
cators to monitor their success over time [24]. Many authors consider using indicators to 140
assess performance at all stages of an intervention as a key tool for collecting qualitative 141
and quantitative data during the planning, monitoring, training and impact phases, thus 142
contributing to the development of improved solutions [25]. In particular, intermediate 143
indicators are essential for monitoring the intervention's progress and for replacing, an- 144
ticipating, and measuring potential outcomes [22]. It is equally important to determine 145
what information needs to be monitored subsequently to ensure continuous improvement 146
and long-term success of the intervention [24]. 147
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Current research, however, does not provide a comprehensive model with the rele- 148
vant and significant factors that practitioners can use in designing OSH interventions and 149
a framework with a cause-to-effect chain structure since the studies focus on a limited 150

number of factors or specific aspects. 151
152
1.2 Technological Innovation and OSH 153

Technological innovation is defined as the use of new technologies to make changes 154
to products or services or the methods by which those products or services are manufac- 155
tured [26]. It represents “a fundamental driver of economic growth and human progress” 156
[27], however, its implementation presents challenges. The introduction of new technolo- 157
gies requires a considerable commitment, often hindered by high risks, a shortage of 158
skilled workers, insufficient funding, and regulatory constraints [28]. These obstacles are 159
particularly evident in the case of SMEs, as they do not have the same opportunities as 160
large businesses [29]. 161

Investing in innovation is inherently more risky than other types of investment. In- 162
novative projects, which aim to introduce new products, processes or organisational prac- 163
tices, lead to greater uncertainty about the expected results. This can lead to failures, such 164
as project abandonment before completion or significant delays, thus increasing invest- 165
ment costs. Furthermore, the relationship between innovation and progress is not straight- 166
forward; only a small percentage of businesses benefit from investing in innovation 167
[30,31]. As a result, many companies prefer to maintain established strategies, especially 168
when they continue to produce satisfactory results. 169

In recent years, Industry 4.0, has represented a further advancement in technological 170
innovation. This new production paradigm [7,32], based on the intensive use of advanced 171
technologies, has a significant impact on work and workers. In this scenario of industrial =~ 172
transformation, the study by Zorzenon et al. (2022) [33] provides an important contribu- 173
tion to the analysis of the effects of adopting Industry 4.0 technologies on OSH, while also 174
introducing the more human-cantered approach central to Industry 5.0. The authors offer 175
a detailed analysis, highlighting both the benefits and the challenges associated with the 176
implementation of these technologies. Among the key benefits is the potential to make 177
workplaces safer and to mitigate and prevent occupational risks [34,35]. Some specific 178
applications include excluding humans from hazardous environments through the use of 179
industrial robots, continuous monitoring of workplace factors such as noise, temperature, 180
and humidity to improve safety [32], improving industrial hygiene, and controlling ma- 181
chine safety advancements via smart devices [33]. 182

However, the adoption of these technologies is not without risks. Some negative ef- 183
fects may include an increase in psychosocial risks related to the work environment, or- 184
ganizational work styles, pathogenic suffering from work, and work-related harm [7,32], 185
increased stress [32], and mental fatigue [34]. Additionally, new risks may emerge in the 186
work environment due to the use of these technologies, such as the risk of electric shocks, 187
risks in human-robot interaction, and cyber-attacks [34]. There may also be a reductionin 188
the level of supervision due to the adoption of these technologies [36], as well as potential ~ 189
health issues like poor circulation and weakened bones and muscles resulting from re- 190
duced mobility and activity (sedentarism) [37]. 191

In this context, the implementation of Industry 4.0 technologies must take human 192
aspects into account as an essential part [33]. Collaboration between researchers, policy- 193
makers, and stakeholders will be fundamental to ensuring a safe and optimal transition 194
toward a more advanced production ecosystem. 195

In response to these needs, with the advent of Industry 5.0, the focus shifts towards 19
a more harmonious integration between automation and the centrality of the human be- 197
ing. This new paradigm aims to create environments that enhance employee engagement, 198
safety, well-being and productivity while also strengthening the role of human learning. 199
Unlike Industry 4.0, which primarily emphasises technological efficiency, Industry 5.0 200
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seeks to promote greater collaboration between individuals and technological systems 201
[38]. Despite the progress, Industry 5.0 still faces several challenges related to the effects 202
left by Industry 4.0. Although numerous studies highlight the links between the adoption 203
of Industry 4.0 technology and OSH [7,32], research exploring this intersection is still in- 204
sufficient [7,39]. There needs to be a comprehensive and up-to-date view of the state of 205
the art regarding the relationship between technological innovation (Industry 4.0 and 5.0) 206
and OSH in companies [32]. This approach will be crucial to addressing emerging chal- 207
lenges and evaluating the effectiveness and flexibility of OSH management systems, in 208

light of a constantly evolving production context and emerging occupational risks [32]. 209
210
1.3 Gaps and Research Questions 211

The literature review has provided a deeper understanding and greater awareness of 212
the two main themes on which this research is based, OSH and technological innovation, 213
as well as their interrelationship. Despite the progress in technological innovation, a sig- 214
nificant gap remains in the literature regarding its intersection with OSH [7,39]. Techno- 215
logical innovations are often evaluated solely for their productivity and efficiency without 216
considering the different levels of analysis necessary to understand the ripple effects they 217
can have on companies [32,40]. Most research focuses on operational gains while neglect- 218
ing the broader impacts on worker health and safety [41]. This leads to a limited under- 219
standing of how macro-level interventions can influence companies through cascade ef- 220
fects. 221

Furthermore, significant gaps have emerged particularly regarding the lack of com- 222
prehensive evaluations of OSH interventions across all system levels (macro, meso, and 223
micro) by studying significant factors with a cause-to-effect chain structure that practi- 224
tioners can use in designing OSH interventions. 225

This study addresses the gaps identified by examining the multiple impacts of 226
macro-level interventions that generate significant changes in companies and individuals. 227
The main objective is to analyse how technological innovation influences various dimen- 228
sions of company performance, including OSH. This study analyses macro-level interven- 229
tions and how they have impacted various organisational aspects. By applying a mixed 230
methods approach based on an in-depth survey and evaluating the impact of various in- 231
terventions more clearly and directly, this study examines the whole system from which 232
a change in the organisation comes or from which it cascades other changes. The results 233
will contribute to a more comprehensive understanding of how innovation can be effec- 234
tively aligned with OSH to foster long-term corporate success and sustainability [4,8]. 235

To sum up, this study aims to answer the following questions: 236

¢  How do companies interface with macro-level interventions that promote technolog- 237
ical innovation? 238

e  What is the impact of various meso-level interventions, such as technological inno- 239
vation and/or OSH, on different dimensions of the company performance, including 240
those of OSH? 241

The paper is structured as follows: Section 2 outlines the context in which this study was 242

conducted, presents the research framework and describes the research methodology; Sec- 243

tion 3 presents the main findings; Section 4 discusses the results; and finally, Section 5 offers = 244

conclusions and recommendations for future development. 245

246
2. Materials and Methods 247
2.1. Context &Actors Involved 248

This study is part of a larger project conducted in partnership with the Italian National 249
Institute for Insurance against Accidents at Work (INAIL, i.e., in Italian, “Istituto Na- 250
zionale Assicurazione Infortuni sul Lavoro”) and the MADE Competence Center (CC), a 251
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research and promotion centre for Industry 4.0, supporting Italian companies in 252
knowledge and awareness regarding various technological innovation issues, proper 253
adoption of Industry 4.0 technologies and implementation of innovation projects. 254

INAIL continuously finances research projects from different disciplines to improve 255
the well-being of workers and increase the overall effectiveness of prevention activities. 256
This specific project has the objective of assessing the impact of OSH interventions that 257
have originated from or been promoted through technological innovation, particularly in 258
SMEs. The project aims to develop effective tools for causal analysis and long-term mon- 259
itoring of the effects produced by these interventions. The project not only focuses on 260
OSH, but it also includes other kinds of company performances, including OSH. It is cru- 261
cial to understand why an intervention has specific performances, finding the connec- 262

tions, not just cause-and-effect, that reliably explain the outcome. 263
264
2.2 Research Framework 265

A research framework was constructed from the objective of this study, finding the most 266
effective way to assess the multiple impacts of a variety of interventions. 267

The framework is based on theoretical foundations. The study by Niskanen et al. [16], 268
previously discussed, supports classifying interventions into three categories: macro, 269
meso, and micro levels. This multilevel model enables an analysis of the changes and ac- 270
tions implemented within the company, beginning with the macro-level interventions in- 271
troduced by the CCs. Another important model considered for the development of the 272
research framework is that of Lund & Aare [15], seen before, which focuses on accident 273
and injury prevention in organisations, dividing changes into three categories: behaviour 274
change, attitude change and structural change. 275
The resulting framework is represented in Figure 1. The project’s actors mapping and the 276
process led to a number of cascading effects and changes as a result of the interaction with 277
CCs. The straight-line-connected arrows depict the direct interaction and effect that occurs 278
between CC and the company, which decides to contact CC and utilize its offered services. 279
Visits, webinars, projects, and courses are the primary ways in which a company can in- 280
teract with the CC, taking advantage of its services. Other entities include other third- 281
party entities, such as clients, suppliers, competitors, business associations etc, which rep- 282
resent a driver for the relationship between CC and companies. They actually have an 283
indirect effect, influencing, enabling, and promoting the connection between the two un- 284
derlying blocks. 285

These inputs lead to potential outputs or effects generated in cascade. They have been 286
divided as follows: 287

e  Output 1 - generic changes in the company and its performance. These effects repre- 288
sent the possible generic changes that directly affect the company, its organisation 289
and its performance through interaction with the CC. Output 1 comprises three 290
macro categories: knowledge and awareness, physical change, and network and col- 291
laboration. 292

e  Output 2 — cascade impact on OSH. These effects represent the cascade impact and 293
changes that occur specifically on OSH due to interaction with the CC. Output 2 com- 294
prises two macro-categories: individual and organisational changes. 295

296
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| Other entities |

MACRO-LEVEL MESO-LEVEL

Competence Center Company

OUTPUT 1: GENERAL CHANGES
+ Knowledge & awareness

* Physical changes

* Network & collaboration
OUTPUT 2. CHANGES ON OSH

* Individual changes

* Organization changes

[ Visit, webinar project, course ‘

297

Figure 1: Research framework — Chain of Changes 298

299

2.3 Procedure: A mixed-methods approach 300

The methodology adopted to answer the research questions is based on a mixed 301
methods approach [42], integrating both qualitative and quantitative techniques, to pro- 302
vide a comprehensive understanding of the companies' experiences within the CC. The 303
study utilized an in-depth survey composed of both open-ended questions, to capture 304
rich, qualitative insights, and multiple-choice questions, to gather quantifiable data. In 305
particular, the open-ended questions were designed to explore the companies' experi- 306
ences related to interactions such as visits, participation in webinars, training courses, and 307
the development of innovation processes. This approach was critical in gaining an in- 308
depth understanding of how these experiences influenced both their overall performance 309
and OSH outcomes. By combining qualitative and quantitative data, the mixed methods 310
approach ensured that the study not only captured the richness of individual company 311
experiences but also identified broader trends and patterns that could inform future prac- 312
tices within the CC. 313
The research focused exclusively on small, medium, and large enterprises, as these pro- 314
files are more likely to engage with CCs and show interest in technological innovation. 315
Companies usually need to be large enough, have the necessary resources, and need to 316
know and introduce new technologies to get in touch with the CC. To obtain information 317
about the companies, the AIDA database [43] was used, which provides detailed eco- 318
nomic and financial information on companies operating in Italy. It contains data such as 319
financial statements and commodity data of all active and failed Italian companies (ex- 320
cluding banks, insurance and public entities). 321

The following selection criteria were applied: companies had to belong to the manu- 322
facturing sector, have more than 10 employees, generate revenues of at least 2 million 323
euros, and have updated information for the years 2021, 2022, or 2023. Data extraction 324
yielded a population of 34,422 companies, from which a sample of 1,603 companies was 325
selected to receive the questionnaire. According to the Italian Ministry of Economic De- 326
velopment [44], the sample was designed to reflect the Italian context, characterized by 327
4.8% small, 0.5% medium-sized, and 0.1% large enterprises. Micro-enterprises, which 328
comprise the remaining 94.6%, were not included in the selection as they do not fall within 329
the scope of interest. Therefore, the sample included 1'432 small enterprises, 143 medium- 330
sized enterprises, and 28 large enterprises. 331

The survey, sent by email to this sample, consisted of several questions, including 332
two gate questions. The first asked if respondents were aware of CCs in Italy and the 333
second gate question asked if they had contacted a CC. Based on the answers provided, 334
three different paths were possible, which will be detailed in the next section. 335

After data collection, the first step in the analysis involved extracting the responses 336
from Qualtrics, the software used to design the questionnaire, into an Excel file. During 337
the data cleaning phase, incomplete and inconsistent responses were removed. The next 338
phase focused on analysing the data to understand user responses, identify reasoning, 339
and explore patterns and connections between different company groups based on their 340
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characteristics. The combined functions of Qualtrics and Excel supported the creation of 341
graphs, facilitating the interpretation of key findings. 342

In-depth comparisons were made, particularly regarding the nature of the com- 343
pany’s interaction with CCs, categorized into four key areas of potential change: techno- 344
logical domain, operational infrastructure, organizational domain, and OSH. Questions 345
were designed to capture how these interactions led to changes in these areas. To identify 346
group similarities and differences, the analysis also considered qualitative insights from 347
user responses, providing evidence on the lived experiences of companies and their 348
broader effects. This cross-sectional approach aimed to capture an overview of the 349
changes driven by the involvement of CC, offering a broader understanding of the overall 350

impact. 351
352
3. Results 353

The total number of companies that responded to the survey and contributed to this 354
study is 89. However, after cleaning the collected data, 26 questionnaires were excluded 355
from the analysis because they were incomplete. As a result, 63 companies, including 41 356
small businesses, 20 medium-sized businesses, and 2 large businesses, constitute the da- 357
taset of valid responses (Figure 2). This reflects, as previously illustrated, the Italian en- 358
trepreneurial landscape, which is primarily characterized by small enterprises, with a 359

smaller presence of medium and large enterprises. 360

60
41
40
20
20
™ :
O —
10 - 49 50 - 249 250 and more
361
Figure 2: Distribution of valid survey responses by company size 362

As explained in the previous section, the user's path is determined by two gate ques- 363
tions. The choices made in these questions established the path that the user followed. The 364
answers were then divided into three categories, each based on the selected path. The 365
three paths and their respective outcomes are described below: 366

o Path 1: The user selected "No" to the initial question: "Are you aware of the presence 367
of Competence Centers on the Italian territory?". A brief description of the features 368
and services offered by a CC was presented to these users, highlighting the im- 369
portance and potential opportunities they could gain from interacting with it. The 370
questionnaire concluded by asking whether they were interested in engaging witha 371
CC and the reasons for their interest. 372

e Path 2: The user selected "No" to the question: " Did you get in touch with a CC?”. 373
The questionnaire concluded by asking for a brief explanation of the response to the 374

previous question. 375

e Path 3: The user declared being aware of and having interacted with a CC, thus pro- 376

ceeding to answer all the survey questions. 377

378

The results of the different paths are presented below, divided into sections corresponding 379

to each path category. 380

381

3.1 Path 1 382

This section presents the results related to Path 1, which includes users unaware of 383
CC. For this category, 41 responses were collected: 26 from small companies, 14 from me- 384
dium-sized companies, and one from a large company. After providing a brief overview 385
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of the services and opportunities offered by a CC, users were asked if they were interested 386

in collaborating. The responses were as follows: 387
e 22 companies expressed interest in interacting with a CC, 388
e 12 were not interested, 389
e  7did not respond. 390
The size of the interested and non-interested companies is illustrated in Figure 3. 391
392
15 14
9
10 7
5 I I :
1
0
0 ] o
10-49 50-249 250 and more
H Yes ®mNo
393
Figure 3: Interest in Collaborating with CCs by company size 394

The companies that responded “No” seem to have different motivations. Some pro- 395
vided general motivations such as “not necessary”, “there is no interest” in a deeper tech- 396
nological innovation, or “it is not a priority at the moment.” Other companies went into 397
more detail, highlighting two main barriers: for some, the implementation costs of new 398
technologies are high and not always proportionate to their size. Other companies believe 399
they already have all the necessary support to research, develop, and implement techno- 400
logical innovations. 401

On the other hand, the companies that responded “Yes” provided various motiva- 402
tions. Some highlighted the need to train specialised personnel, the opportunity for future 403
improvements, and the development of innovation and R&D projects. The remaining 404
companies expressed a general interest, which can be grouped into three categories: deep- 405
ening their knowledge, staying updated on advancements to acquire new skills, and im- 406
proving or introducing new production processes by leveraging the opportunities offered 407
by these technologies. 408

3.2 Path 2 409
This section presents the results of Path 2, which includes users who are aware of the 410

existence of a CC but have not yet had any contact with it. For this category, 17 responses 411
were received. As illustrated in Figure 4, most of the responses come from small and me- 412

dium-sized enterprises. 413
414
15
10
5 4
] 1
0 —
10-49 50-249 250 and more
415
Figure 4: Companies aware of CCs by size 416

After selecting this option in the survey, users were asked to provide a brief justifi- 417
cation for their choice, specifically the reason why they have not contacted a CC. The 418
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reasons provided were diverse. In particular, 4 companies mentioned that they had never
really considered the topic. While the remaining companies reported two main reasons:

e Lack of resources: some companies stated that they did not have the time, infor-
mation, resources, or sufficient personnel to dedicate to such activities.

e  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 pre-
ferred 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 5 companies, all be-
longing to SMEs, of which 3 are small and 2 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 5 companies became aware of a CC through different ways, such as events, associ-
ations, regional information, the web, or word of mouth. The motivations behind the col-
laboration also vary, although the need for renewal and improvement emerged as the

main reasons.

Table 1: Overview of the interaction with CCs

ID Company Year of the | Driver of the inter- | Motivations for
Company Size contact action interaction
Analysis of techno-
1 10-49 2022 Regional information logical innovation
status
Need to improve;
2 50-249 2014 Trade association need to renew; train-
ing
Association and cen-
Networking and col-
3 50-249 2023 tre for research and
laboration
innovation
Online (web e/o social
4 10-49 2021 Need to improve
media)
Word of mouth from
5 10-49 2022 Need to renew
other

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, other three mentioned innovation
projects such as focused on artificial intelligence and advanced logistics.

Table 2: Company interaction and activities with CCs

ID
Company

Type of Interaction

Activity

419
420

421
422

423
424
425

426

427
428
429
430
431
432
433
434
435
436

437

438
439
440
441
442
443

444
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Smart monitoring and control of indus-
1 Innovation Projects trial processes; lean manufacturing; col-

laborative robotics and automation

Lean manufacturing; collaborative robot-
2 Training course ics and automation; intelligent worker as-

sistance systems

3 Innovation Projects Artificial intelligence
Digital twin; virtual design and product
4 Other
development
5 Innovation Projects Advanced logistics; product traceability

After contextualising and outlining the company’s experience within the CC, we

asked the companies to define the general changes that have occurred since then (Table

3).

Knowledge and awareness: all the companies reported an increase in their
knowledge 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;:

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

o Operational infrastructure: physical work environment, equipment/tools to
support manufacturing processes.

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

o OSH.

Table 3 shows that the changes mainly focused on the technological domain. Three
companies, in particular, reported innovations related to technology, specifically fo-
cusing 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 spec-
ifying the type of synergy that occurred.

Table 3: General changes following interaction with CCs

ID Networking and col-
Knowledge & Awareness Physical Changes

Company laboration

1 Technological domain Technology No

Technology; operational in- Collaborated with
2 Technological domain; OSH | frastructure; organisational | other entities for other

domain reasons

3 Operational infrastructure No No

4 Technological domain No No

445
446
447
448

449
450
451

452

453
454

455
456

457
458

459
460
461
462
463
464
465
466
467
468
469

470
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‘ 5 ‘ Organisational domain Technology No

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
knowledge and awareness regarding OSH, other companies indicated changes that oc-
curred 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, communica-
tion, 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.

In particular, upon further investigation of the OSH changes, the users provided the fol-
lowing explanations:

e  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.

e  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, re-
sistance to change, knowledge, awareness of the importance of OSH, skills and compe-
tencies, 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.

Table 4: OSH changes following interaction with CCs

500
ID OSH individual
501 OSH organisation changes
Company changes
502 . . .
1 Prevention and evaluation of OSH performance and risks None
Training; communication and information flow; monitoring
Cognitive factors; team
2 and collection of workers' OSH data (availability, reliability,
characteristics
real-time)
3 None None
4 Training; communication and information flow Cognitive factors
5 - -

4. Discussion

The questionnaire results provide an important overview of how companies in-
teract 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 per-
spective that allows for a better understanding of the motivations behind their inter-
action with such an intervention. This has enabled us to identify the main barriers and

471
472
473
474
475
476
477
478
479
480
481
482
483

484
485

486
487

488
489

490
491
492
493
494
495
496
497
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499

503

504
505
506
507
508
509
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constraints limiting companies' engagement with CCs and to discuss the potential 510
interest in contacting CCs, exploring the factors that might influence this decision. 511

The analysis of the 22 positive responses from companies in path one, it clear that 512
some companies desired to contact a CC to enrich their cultural background, 513
knowledge, and awareness related to technological innovation. Other companies ex- 514
pressed an interest in staying updated on advancements and acquiring new skills, 515
while others saw this as an opportunity to improve current business processes and/or 516
introduce new ones. 517

On the other hand, many companies faced barriers to adopting technological in- 518
novation, primarily due to a lack of resources. It is particularly noteworthy that 519
among the companies aware of the CC but choosing not to contact it (path two), 16 520
out of 17 were SMEs. As highlighted by the literature and confirmed by the question- 521
naire results, SMEs, being smaller and with limited resources, often lack the time, fi- 522
nances, personnel, and necessary information to invest in new technological projects. 523
As noted in the questionnaire, some companies stated that the costs associated with 524
engaging and implementing these new technologies are considerable and require in- 525
vestments that are not always sustainable. Moreover, the solutions offered are not 526
always proportionate to the company's size. This resource deficit constitutes one of 527
the main barriers preventing companies from seizing opportunities for improvement 528
or skills growth. As a result, macro-level interventions are not always accessible and 529
appropriate for all types of enterprises since many lack the resources and tools to em- 530
brace these opportunities. 531

In addition, some companies expressed a lack of need or interest in contacting a 532
CC. Some claim to already have all the knowledge and skills necessary to proceed 533
independently; others state that they have support, including external support, to 534
solve this problem, while others prefer to focus their investments in different sectors. 535
This lack of need or interest is likely because they already have all the skills and re- 536
sources necessary for their production, or it could be due to negligence, which pre- 537
vents them from seizing the opportunity to deepen their understanding of the avail- 538
able and useful innovations. 539

To overcome these barriers, SMEs may consider collaborating with the CC. The 540
CC is designed to promote and disseminate knowledge and to support companies in 541
developing technological projects. It provides a wide variety of knowledge, methods, 542
and tools in digital technologies and supports companies in addressing the digital 543
transition towards a smart, connected, and sustainable factory. By working with the 544
CC, SMEs could obtain the support they need to meet innovation challenges, over- 545
come resource constraints, and fully exploit available technological opportunities. 546

Regarding companies engaged with CCs, the analysis shows the motivations that 547
drove the five different companies to interface with a macro-level intervention, such 548
as those promoted by CCs in this case. The motivations were many and varied, as 549
were the drivers that led them to interface with the CC (regional information, trade 550
associations, research and innovation centres, online — web and/or social media—and 551
word of mouth). The activities carried out within it were different also according to 552
the needs of the company that decided to investigate. Regarding the changes that 553
companies experienced after interacting with the CC, it can be observed that in all 554
cases there was an increase in knowledge and awareness. However, not all companies 555
reported physical changes. This can be explained by the fact that different inputs, such 556
as the type of interaction and themes explored, lead to different and complex impacts, 557
which generate further effects, giving rise to multiple potential chains of change. By 558
analysing the causal diagrams of the different companies, it is clear that physical 559
changes were made by companies that needed to renew parts of their infrastructure. 560
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This is the case for companies 1, 2 and 5, which respectively decided to implement 561
technological innovation through new production machinery, digitise all processes 562
and integrate them with ERP systems for real-time progress monitoring, and make 563
logistical improvements. 564

The analysis of the results shows also that only one company developed net- 565
works and collaborations as a result of the interaction with the CC. This may suggest 566
a possible aversion to sharing the information gained, a limited understanding of the 567
benefits, or a general lack of interest in participating in collaborative interventions. 568

Concerning the second level of detail, it can be seen that knowledge and aware- 569
ness, physical change or both, if present, almost always directly influence the OSH 570
domain, both at the individual and organisational level. This is evident, for example, 571
in the case of Company 1, where, to analyse the state of Industry 4.0, the company 572
decided to revolutionize its production machinery, enabling better risk prevention 573
and assessment, and leading to organisational changes in the OSH domain. Another 574
key aspect is that the two macro-categories of OSH, individual change and organisa- 575
tional change if both are present, influence each other reciprocally. This can be seen 576
in Company 4, where the acquisition of new knowledge and awareness led to both 577
organisational and individual changes in the area of OSH, improving internal com- 578
munication and introducing training, as well as creating a healthy, constructive and 579
challenging working environment through professional development plans. These 580
two types of OSH changes are closely related: the creation of a stimulating and moti- 581
vating environment promotes healthy conditions and better integration of communi- 582
cation procedures between people; at the same time, training and more effective com- 583
munication contribute to the creation of a healthy, safe and constructive environment. 584

The analysis clearly highlights the value of examining the multiple changes gen- 585
erated by the implemented interventions and understanding their interconnections, 586
which facilitates deriving insights about which inputs produce specific outputs and 587
how these, in turn, lead to further cascading effects. These effects have an impact both 588
on the general dimensions of the company, for example, introducing new technolo- 589
gies, or changing the work environment, processes, and resources, and on all the per- 59
formance related to them. Additionally, these changes also affect the OSH dimension, 591
both at the organisational level, with new training sessions, a safer work environment, 592
better monitoring, risk assessment, and better communication, and at the individual 593
level, as on cognitive factors and team, and all the performance related to these two 594

OSH macro-groups. 595
596
5. Conclusions 597

This study represents a significant contribution to understanding the combination of =~ 598
technological innovation and OSH improvement. It is a part of a broader project funded 599
by INAIL and in collaboration with the MADE CC. 600

The literature review highlighted a significant lack of studies that comprehensively 601
integrate technological innovation and OSH topics, with a limited understanding of how 602
technological advances affect OSH. Technological innovation is generally associated with ~ 603
improved productivity and business efficiency, while OSH interventions are still consid- 604
ered isolated activities without the potential to contribute to improving overall company 605
performance. At the same time, there is a low understanding of how a macro-level inter- 606
vention can influence a firm through cascading effects, including general impact on com- 607
pany performance (i.e., knowledge and awareness, physical changes, and networking and 608
collaboration) and OSH-specific ones (i.e., individual and organisation changes). 609

Therefore, this study examines how firms interact with macro-level interventions 610
that promote technological innovation and their impact on various aspects of company 611
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performance, such as technological innovation and OSH. The macro-level intervention 612
analysed is represented by the CC. A research framework, based on theoretical founda- 613
tions, was built to identify the most effective way to assess the multiple impacts of a vari- 614
ety of interventions. It maps the actors involved, the inputs that facilitated their interac- 615
tion, and the cascading effects and changes as a result of the interaction with CCs. In par- 616
ticular, two levels of detail have been identified for the potential changes that may occur 617
within the company following interaction with the CC: Output 1 (general changes) and 618
Output 2 (changes related to OSH). Based on a mixed methods approach, a structured 619
survey was then created to examine the interaction with the CC and the resulting changes. 620
From the analysis of the 89 companies participating in the survey, several conclusions 621
emerged. 622

¢ In the analysis of companies that had not yet interacted with a CC, drivers (e.g., in- 623
depth study, continuous updating, need to improve and innovate, training, R&D pro- 624
jects, networking, and collaboration) and barriers (e.g., lack of time, human re- 625
sources, information, financial resources, adequate offerings, need or interest) were 626
identified that influence the interaction with a CC. 627

e In the analysis of companies with experience in CC, it emerged that all of them re- 628
ported increased knowledge and awareness. However, not all companies detected 629
physical changes due to the variability of inputs and topics addressed, which led to 630
different and complex impacts, potentially generating multiple chains of changes. 631
Regarding the second level of detail, it is noted that knowledge and awareness, phys- 632
ical change, or both, if present, almost always directly influence OSH, both at the 633
individual and organisational levels. Moreover, the two macro-categories of OSH, if 634
both are present, influence each other reciprocally. The analysis highlights the im- 635
portance of understanding the multiple changes generated by the implemented in- 636
terventions and their interconnections, emphasising how specific inputs can lead to 637
outputs that create cascading effects. 638

This study analysis of the results highlights some limitations. Most of the answers come 639
from companies that were unaware of the existence of a CC or had no direct contact with 640
it. There are few responses from those with direct experience with a CC, which suggests 641
the need for further research. The sample of companies that engaged with CCs is limited 642
and not representative of all possible scenarios, which reduces the generalizability of the 643
results. Therefore, it is essential to enlarge the sample to obtain more representative data. 644
Although the AIDA database provides general information on companies, it does not of- 645
fer specific details about their involvement with CCs. Therefore, it would be appropriate 646
to use more targeted channels to identify companies with suitable profiles and achieve a 647
higher response rate. Furthermore, it would be interesting and useful to delve deeperinto 648
the experiences within the CC, possibly through interviews. This would allow for a better 649
understanding of all the effects generated within the company as a result of contact with 650
the CC through targeted questions and could also bring to light new and unexpected in- 651
sights during the conversation. Acquiring a broader range of information on companies' 652
experiences and the changes implemented could help develop more in-depth analyses. 653
Another limitation concerns the research framework, which, although based on es- 654
tablished elements in the literature, could benefit from comparison with experts in the 655
field to validate its effectiveness and identify potential areas for improvement. The in- 656
volvement of experts with knowledge in the implementation of macro-level interventions 657
and the analysis of their impact could significantly contribute to refining and broadening 658
the framework, thus improving its relevance and applicability. 659
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