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Abstract: Adopting the concept of Industry 4.0 enables manufacturing companies to gain advantages from digital production management, though issues have been identified 
related to human resources, management and organisation. Problem areas concern workplace ergonomics to the general wellbeing and satisfaction of workers, and social 
responsibility. Industry 5.0 promotes progress based on human-machine collaboration and sustainable, human-centred value creation. The research model of the degree of 
technological humanism, which aims to ensure that technological progress improves human wellbeing in manufacturing companies in the transformation towards Industry 5.0, is 
a demanding area that has not been sufficiently researched or unambiguously defined so far. The presented model can facilitate the digital transition of manufacturing companies 
towards Industry 5.0, as it contains the components necessary for the transformation of organisational processes, thereby enhancing and accelerating the implementation of smart 
manufacturing. 
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1 INTRODUCTION 
 

Companies today are facing conditions of high volatility 
and business uncertainty, which can hinder economic 
growth, and so organisations need to address a number of 
interconnected organisational changes. This is particularly 
true for manufacturing companies, and their possible courses 
of action can be challenging, resulting in problems or 
opportunities, depending on the approach taken. The current 
age of industry demands a deep integration of mature 
technologies and up-and-coming technologies, and the 
accompanying demands reflect not only on the fusion of 
information and communication technologies, but also on the 
convergence of information and operational technologies [1]. 
The industry sector is also facing increasing pressures to 
improve its agility and flexibility to better adapt to the highly 
dynamic production demands [2]. 

Digital production management has become the 
imperative for manufacturing companies, and digital 
transformation affects all areas of value creation [3]. The 
implementation of smart factory concepts and Industry 4.0 
concepts increases company performance [4], including 
business agility [5], organisational efficiency, efficacy and 
profitability [6]. Adopting the Industry 4.0 concepts enables 
companies to gain an advantage from digital production 
management, though over time issues have been identified 
relating to human resources, management and organisation. 
Newer research has shown that hurdles within the company 
are more important and relevant for the adoption of digital 
production management than external and operational ones 
[7]. It has been identified that a hurdle such as a lack of 
technical skills and expertise is directly related to 
organisational culture and organisational factors, such as 
employee leadership, skills and expertise, and not purely 
technological factors. Accordingly, the greatest challenge for 
Industry 4.0 is not technology but people, since this concept 
has a strong impact on employees [8]. For that reason, focus 
should be placed on the entire organisation as a social-
technical system, with consideration of the many interactions 
between people, technology, business and organisation, since 

digitalisation and people are still less than ideally 
synchronised [4], and people are a part of the entire 
production system [9]. This indicates the need to include a 
human element in the fundamental concept, which is the 
integration of human creativity throughout the industrial 
process [10] and caring for the emotional intelligence of 
employees as the organisation implementation of automation 
processes [11]. This is engrained within the new concept 
Industry 5.0, as an update to Industry 4.0. 
 
2 INDUSTRY 5.0 AND TECHNOLOGICAL HUMANISM 
  

The fundamental area for implementation of the concept 
Industry 4.0 includes production, logistics, operational 
management, and business organisation [12-16]. The new 
concept Industry 5.0 was designed to complement the digital 
development of industrial systems with purposeful and 
efficient cooperation between humans, machines and 
systems in a digital environment [17]. Industry 5.0 thus 
changes the paradigm and brings solutions that reduce the 
emphasis on technology, instead placing the focus on the 
holistic, sustainable creation of human-centric values [18, 
19]. Industry 5.0 helps people and machines work together to 
improve the efficacy of industrial production [18, 17], and 
represents a tool for enabling sustainable and resilient 
industry [20], with synergy between humans and technology. 
With ongoing improvements to technology, humans have had 
to adjust in order to build a better society, while adopting 
industrial innovations [10], and Industry 5.0 brings benefits 
for both workers and society [18], bringing significant 
progress in quality in relation to the last industrial revolution. 
This can be considered a response to the demands of the new 
industrial paradigm that is human-centric, and includes 
structural, organisational, management, philosophical and 
cultural aspects, as well as those based on knowledge [21]. 

Technological humanism is a new concept that arose 
following the exceptionally rapid penetration of new 
technologies into all segments of human life and work. 
Industry 5.0 implements this concept into business and 
production processes and relationships. It recognises that 
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technology has not supported transformation towards a 
globally sustainable society by providing tools that are 
aligned with the logic of pan-humanism, anthropo-relational 
humanism, and digital humanism in all social and business 
relationships [22]. Digital humanism describes, analyses and 
influences the complex interrelations between technology 
and humans, with the aim of creating a better society, with 
the complete abidance of universal human rights [23] and it 
should be interpreted as an interest for understanding the 
development of digitalisation, with the aim of influencing it 
technically, socially and politically [24]. In 2016, the 
Japanese government recognised the technical, social and 
political dimensions of technological humanism, when it 
presented the new concept Society 5.0 as an ideal Japan 
would strive to achieve, in which there is a high degree of 
convergence between the cyberspace (virtual space) and 
physical space (real space) [10]. Society 5.0 stands for a new 
type of society in which innovations in science and 
technology take a prominent place, in balance with social 
phenomena and problems that need to be solved, while 
ensuring economic development [25]. Industry 5.0, as 
defined by the European Commission, shares many 
properties with the Society 5.0 concept [26]. Technological 
humanism therefore is one of the most important new trends 
in the labour world, in which technology is in service of 
humans and their development, wellbeing, and fulfilment 
[27]. In the industrial sphere, technology in service of people 
has the purpose and goal of promoting social integration and 
human development, while the purpose of the company is to 
promote the alliance of all social agents in creating shared 
values [28]. The benefits of adopting the concepts of Industry 
5.0 therefore enable a transition towards a "smart social 
factory" [18]. 
 
3 RESEARCH MODEL FOR DETERMINING THE DEGREE 

OF TECHNOLOGICAL HUMANISM IN THE 
TRANSFORMATION TOWARDS INDUSTRY 5.0 

 
 Technological humanism is complex in nature and has 
multiple dimensions. The technical dimension includes the 
consideration of various disciplines such as philosophy, 
social sciences, law and economics, and as such as a 
transdisciplinary concept with social, political and cultural 
implications of creating and using advanced forms of 
technology, and testing both the creation of benefits and 
potential threats [24]. To build a research model to examine 
the degree of technological humanism within production 
companies in their transformation towards Industry 5.0, it 
was first necessary to identify those components of Industry 
5.0 in relation with the concept of technological humanism 
that enable and stimulate the necessary transformational 
processes for the implementation of smart production.  
 
3.1 Employee Understanding and Knowledge Management  
 

 Strategic management of intellectual capital, 
innovativeness and creativity, technology and information 
together form the fundamental dimension that has become a 
trend in organisations, and forms the space for resolving 
challenges and improving competitiveness in the 

increasingly complex global context [29]. Today’s business 
conditions place new goals before organisations, impacting 
their systems, managing information and knowledge, and the 
human sector. Industry 5.0 is revolutionising production 
systems around the world by eliminating redundant tasks for 
workers, and instead enabling development of innovative 
human potential [18]. Within this concept, people are asked 
to develop skills and new competencies, both the necessary 
soft skills and acquiring advanced technical skills that can 
pose a problem for workers [30]. The development of the 
human potential of a company should include the process of 
systematic improvement of knowledge and expertise within 
the organisation to improve its overall impact, while 
supporting the degree of understanding and education on the 
factors that could have an impact on both company 
operations and on themselves. Company employees who are 
efficiently informed and appropriately trained in new 
technologies are able to use them efficiently, which benefits 
the quality and speed of functioning of the organisation. This 
enables workers to understand that Industry 5.0 was designed 
to create strong cooperation, and not competition, between 
humans and machines [17], which was the greatest problem 
with previous industrial revolutions. The harmony between 
the organisation’s knowledge management and 
implementation of Industry 5.0 enables the company to 
become more agile, effective and sustainable [29], while life-
long learning should be a strategic goal of the organisation 
[31]. In that sense, the management of knowledge and 
employee understanding are identified as the first component 
needed to enable the transformation of organisational 
processes towards smart production and Industry 5.0. 
 
3.2 Organisational and Operational Management 
 

Transformation processes that enable the successful 
implementation of Industry 5.0 strongly depend on the 
effectiveness of a company’s organisational and operational 
management. In order to adopt Industry 5.0, it is necessary to 
create conditions of a high level of interaction between 
machines and their operators, and the role of the business 
organisation in adequate decision-making [18]. Workers 
need to understand new technology to property handle 
intelligent machines and robot systems, which requires a 
change in the structure of the labour force, and places 
increasing demands on employees [32]. Physical and 
redundant tasks are becoming automated, so the fundamental 
goal of smart production is for humans and machines to be 
properly paired so as to increased efficacy of the process of 
using human brain power and creativity by integrating work 
processes and intelligent systems [33]. Due to the revolution 
in industry and society, it is expected that many work posts 
will be terminated, leading to unemployment and possible 
severe social issues [34]. The World Economic Forum has 
assessed that by 2025, 50% of all workers will require 
requalification due to the adoption of new technologies [35]. 
There is a need for the employment of highly qualified 
employees who are open to change and teamwork and are 
able to transfer knowledge [32], calling for the education of 
new employees and requalification of existing employees to 
use new technologies. This presents an upward spiral in 
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which new jobs require new or newly retrained workers, thus 
creating the new concept Operator 5.0 [36]. It is evident that 
under such conditions, the company needs to strategically 
define its organisational and operational management. 
Digital strategies need to be developed that are focused on 
the interrelations between digital technology and people at 
various organisational levels in the processes that shape, 
transfer, implement, host and support the strategy [37]. 
Industry 5.0 evidently has a strong impact on work positions, 
and penetrates deep into every pore of organisational and 
operational management, setting new rules and patterns for 
future success. For that reason, organisational and 
operational management with considerations of the 
significance of the effects of Industry 5.0 on work posts is the 
second component of the transformational process aimed at 
achieving effective and smart production. 

 
3.3 Organisation of an Ergonomic Workplace 

 
The next step is to consider the workplace itself in its 

ideal form as posited by Industry 5.0, and accordingly to 
consider the ergonomics of the workplace with the aim of 
meeting the required conditions. Unlike previous 
revolutions, the paradigm of Industry 5.0 includes human 
health and safety as key factors in production systems [38], 
and following digitalisation, the role of the human operator 
within it requires changes in ergonomic principles [39]. 
Ergonomics is a science developed in response to the 
demands of the industrial revolution [40] and production 
companies need to treat it appropriately as it has a strong 
effect on business and production processes and their quality, 
including its effects on the workers themselves. This is a 
multidisciplinary science of three fundamental branches that 
include physics, cognitive and organisational aspects to 
achieve its goals, by applying other sciences such as 
physiology, anatomy, engineering, psychology, management 
and business system design [40]. Industry 5.0 has a tendency 
towards maximally reducing the physical engagement of 
workers, in particular problems of a physiological and 
anatomical nature. The specific effect of digitalisation on 
people is in its psychological effect and possible 
disturbances, which is a subject of wide discussion not only 
in the business world, but also within life in society overall. 
These disturbances have been defined as Cyber-syndrome, 
and include physical, social and emotional disturbances that 
have an effect on humans due to their excessive interactions 
with cyberspace [40]. Within the concept of Industry 5.0, 
human interaction with cyberspace is highly intensive and 
will only increase with the development of new technologies. 
For this reason, a special subsystem of ergonomics, called 
Cybergonomics, has been created. Its aim is to optimise 
security, productivity and health of individuals, and when 
applied properly, can facilitate Industry 5.0 in achieving its 
goal of protecting humans from the detrimental effects of 
new technologies and ensuring the necessary rules and 
adaptations for better interaction of the labour force and high 
technology [40]. Adopting advanced technology that requires 
more time and effort from workers [18] creates a challenge 
for the activities of organisational ergonomics, which in 
Industry 5.0 should create a resilient and sustainable business 
and production system that is human-centric, including the 

necessary organisational structures, policies and processes. 
The focus is not only on the need to reexamine existing work 
posts, but for innovations in those areas and directing the 
development of human-centric business solutions with new 
innovations [41]. Organisation of workplace ergonomics in 
line with the postulates of Industry 5.0 is therefore the third 
identified component within the company’s transformation 
processes in its transition towards smart production. 

 
3.4 Human Resource Management and Labour Psychology 

 
The processes arising from Industry 5.0 and its 

influences on the workplace including its organisation and 
ergonomics certainly affect workplace satisfaction. The 
company is both a business and a social system, and it is 
necessary to consider the importance of human health and 
wellbeing in both these aspects, which is the subject of 
consideration in human resource management and labour 
psychology. Since Industry 5.0 places worker wellbeing at 
the forefront in production processes, new technologies 
should ensure wellbeing even outside the domain of business 
and economic growth, so as to become a resilient provider of 
overall prosperity [42]. Organisational management 
processes have the demanding task of fulfilling this aim. 
Companies need to recognise what technology can do for 
people, and focus on how to adapt technology to the 
requirements of workers, and not vice versa [18], and to 
strategically define an appropriate organisational system that 
enables it. Its efficacy is under the strong influence of 
workplace factors that affect worker satisfaction and 
motivation, and possible physical and mental stress at work 
[43]. An additional goal of digital transformation included in 
Industry 5.0 is to ensure that people lead purposeful and 
creative lives [21]. Reducing the need for physical work 
under conditions of digitalisation and automation enables 
people to improve their creativity, share ideas, and gain 
completely new knowledge and abilities for which there was 
no time or opportunity in the past. With this, technology is 
shifted from focusing only on improving productivity to 
creating happy and engaged employees [44]. Accordingly, 
human resource management must fulfil the conditions from 
the four main groups that are predictors of a happy and 
engaged employee: a well-defined role, development of skills 
and career management, social relations, and support of 
superiors that include the social factor [45]. Improving the 
capability of supervision and control in the company, based 
on the increasing accessibility of data, affects privacy and 
intimacy of workers and in that sense, it is important that 
technology deals with the issues of employee autonomy and 
privacy [18]. Achieving satisfaction at work within the 
systematic management of human resources and labour 
psychology within the organisation is therefore the fourth 
identified component of a successful transition to smart 
production. 
 
3.5 Managing the Quality Profile of Human Resources 

 
Once the requirements that Industry 5.0 sets for a 

company are known, the necessary processes and workplace 
organisation including optimal ergonomics and factors 
oriented towards achieving employee work satisfaction, the 
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final component is management of the quality profile of 
employees by human resources, i.e., managing the creation 
and retention of a high-quality work force. Investing in 
people is an important determinant of Industry 5.0 as it 
enables employee retention. Within it, and with the further 
development of technology, the concept of quality in doing 
one’s work changes in meaning over time. For that reason, 
companies are faced with the challenge of continuously 
having a high-quality work force under changing conditions, 
and these changes are now occurring faster than ever. On the 
one hand, workers require ongoing training and professional 
development so that they can develop their careers, making 
this a key phase in the future quality of the work force [31], 
while on the other hand, there is the inevitability of the need 
to replace workers that do not meet the required conditions. 
If certain workers are not open to change and do not possess 
the desire for new learning or requalification, the company is 
forced to hire a new work force. In this, it is important to note 
that new generations have different values and priorities, 
which means the company is also required to constantly 
adapt to the changing conditions on the labour market. 
Retaining a high-quality workforce requires financial 
instruments and may raise issues about employee care, 
visible through the optimal ergonomics of the workplace and 
a positive influence on their overall work satisfaction. 
Further, the feeling of belonging to a group and respecting 
the values of the work performed in the organisation are 
aspects that can influence organisational culture [46], and 
worker satisfaction. It can also achieve their explicit 
inclusion in the design and functioning of business processes 
[47], which in turn ensures their productivity and efficacy. 
Worker motivation is a key component of Industry 5.0 [48], 
and companies need to recognise employee interests in new 
knowledge and developing their job skills. Only once these 
and other requirements set by the current business 
environment are met, can companies expect to retain a high-
quality work force and increase the company’s attractiveness 
as a place to work, in line with the values and priorities of 
new generations. 

 
3.6 Research Components and Model  

 
Based on the above theoretical assumptions, the new 

research model has been designed to examine the degree of 
technological humanism with manufacturing companies in 
their transformation towards Industry 5.0 that contains the 
following components: 
1) Information And Knowledge Management – 

accessibility and distribution of new information and 
knowledge 

2) Workplace Organisation Management – how positions 
are organised and processes aligned with the identified 
elements of change 

3) Workplace Ergonomics Management – ergonomics in 
work positions is aligned with the necessary changes in 
workplace organisation 

4) Workforce Wellbeing Management – achieving worker 
satisfaction in changing working conditions 

5) Long-Term Work Quality Management – ensuring 
lasting work quality by retaining existing and attracting 
new high-quality workers. 

 

 
Figure 1 Graphic representation of the new model. 

 
4 CASE STUDY OF RESEARCHING THE DEGREE OF 

TECHNOLOGICAL HUMANISM 
  
 In accordance with the newly created model, a case study 
was conducted on a sample of employees in two Croatian 
manufacturing companies to identify the degree of employee 
knowledge and awareness of Industry 5.0 and its influences 
on the company and on them personally. The research 
covered the five components of Industry 5.0 relating to the 
role of technological humanism, in line with the developed 
model. Both surveyed companies are small companies with 
annual revenues in the range of EUR 2–7 million. An 
additional goal of the case study was to determine whether 
there is a statistically significant difference in employee 
perceptions in relation to their work positions, and further to 
obtain their opinion on how the company could better 
organise the necessary educational and training processes. 

The case study included all company employees, and 
their work positions were considered in six categories: 
1) Auxiliary staff 
2) Operational non-production worker 
3) Operational production worker 
4) Non-production department head 
5) Production department head 
6) Top management. 
     
The survey questions 1-5 are presented below, and they 
followed the model components (1-5): 
1) To what extent are you familiar with the potential that 

new technologies can offer the company you work in? 
2) In your opinion, to what extent can the application of 

new technologies affect your work position? 
3) In your opinion, to what extent can the application of 

new technologies affect or could affect the improvement 
of the ergonomics of your workplace? 

4) In your opinion, to what extent can new technologies 
affect or could affect improvement of your satisfaction 
at work? 

5) In your opinion, to what extent can new technologies 
affect or could affect your decision to be a long-term 
employee in your company? 
 
For each question, nine areas addressing the 

technological aspects of Industry 5.0 were listed: 
a) Digital collection of data during production and analysis 
b) Automation of production and assembly 
c) Use of autonomous robots 
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d) Automated warehousing systems 
e) Real-time digital supervision of machine and device 

functioning 
f) Automated needs planning for raw materials and other 

materials 
g) Business decisions based on digitalised data 
h) Use of artificial intelligence (AI) in production, 

organisation and management 
i) Information support for measuring worker performance. 

 
Employees were asked to give answers to the questions 

based on a five-point Likert scale. Statistical analysis of 
results was performed to identify possible correlations 
between factors that influence significant differences. The 
analysis of these associations was conducted by observing 
the mean values of responses to the areas a) to i). In total, 60 
properly-filled out responses were obtained, with 77% of the 
total number of employees in the first company and 82% of 
the total number in the second. Responses from both 
companies were pooled into a single sample and examined 
on the basis of work position categories. 

Tabs. 1 to 6 give an overview of the descriptive statistics 
results pertaining to the relationship of the classification 
determinants relating the type of work position (1-6) and the 
components of the research model (1-5). Statistically 
significant values are shown in bold. 

 
Table 1 Total statistical data work position category 

 
 

Table 2 Kruskal-Wallis test results for model component 1 

 
 

Table 3 Kruskal-Wallis test results for model component 2 

 
 

It is evident in model components 2, 3 and 4 there was a 
statistically significant difference in the responses with 
regard to the position (work category) of survey respondents. 
Specifically, work category 6, top management, showed 

significantly difference perceptions in relations to categories 
2 and 3 (operational non-production and production 
workers).  
 

Table 4 Kruskal-Wallis test results for model component 3 

 
 

Table 5 Kruskal-Wallis test results for model component 4 

 
 

Table 6 Kruskal-Wallis test results for model component 5 

 
 
 Figs. 2 to 4 illustrate the results of the case study for the 
identified significant differences between the model 
components 2, 3 and 4. 
 

 
Figure 2 Graphic display of results for model component 2 

 
The case study results indicate significant differences 

between work positions concerning knowledge and opinions 
concerning the processes surrounding the transformation of 
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production companies towards Industry 5.0 within the aspect 
of technological humanism. Particularly in production 
companies, there is a wide spectrum of employees in 
different work positions and with varying qualifications and 
education levels. The results of the case study showed 
differences in the knowledge, opinion and position on 
transformation towards Industry 5.0, with statistical 
significance in one category, top management. This is 
important since top management is responsible for decision-
making and defined policies and company transformation 
processes towards Industry 5.0. The results of the case study 
indicate the need to conduct further educational processes 
and training adapted to the various employee categories, and 
that more attention should be focused on the development 
and implementation of specific knowledge transfer 
programmes, instead of a universal approach to the entire 
organisation. 

 

 
Figure 3 Graphic display of results for model component 3 

 

 
Figure 4 Graphic display of results for model component 4 

 
5 CONCLUSION 
  
 Technological humanism is an important component in 
the transformation of traditional factories into smart ones, 
with the aim of securing both economic and social benefits. 

Previous concepts within Industry 4.0 have since been 
upgraded with the addition of a more human approach to the 
implementation of digital technologies that are developing at 
exceptional speeds and penetrating into all spheres of 
business and society. In that accelerated process, it is easy to 
neglect the importance of people who are the target group 
using these means, and instead concentrating on achieving 
only rapid implementation of new technologies and 
maximum economic effect. This can function in the short-
term, though bringing negative consequences in the mid- and 
long-term. Technological humanism therefore is a concept 
that should serve as a guide for the successful transformation 
of manufacturing companies towards Industry 5.0, with long-
term benefits. 

This paper presents the new research model to examine 
the degree of technological humanism within a 
manufacturing company in transformation towards Industry 
5.0, that through its components represents a template that 
such companies could follow to successfully organise their 
own business processes and strategic management at all 
levels. Its components include information and knowledge 
management, workplace organisation, workplace 
ergonomics, workforce wellbeing, and long-term work 
quality, which together form a basis for strategic definition 
and setting the appropriate organisational systems necessary 
for successful transformation of manufacturing companies 
towards Industry 5.0. 

The conducted case study showed the differing 
perceptions of all structures of employees within the 
categories of technological humanism within Industry 5.0. 
Top management showed significantly difference 
perceptions in relations to operational non-production and 
production workers. The presented results are significant 
because they enable the creation of appropriate measures that 
are applicable to different categories of employees in the real 
sector of production. Primarily there is a need to clearly 
define the company policy and strategy of the new 
technologies implementation while informing all employees. 
In order for the process of transition towards Industry 5.0 to 
be successful, open communication and highly functional 
knowledge management that respects all categories of 
employees is essential. Here it is necessary to take into 
account that an approach according to employee age and 
education level is applied. At all organizational levels, it is 
necessary to promote openness to changes through effective 
change management. The corresponding activities should 
include a positive approach with focus on new opportunities, 
pointing out benefits for workers. There are new and specific 
tasks for HR management that should be considered to 
people with different skills and competencies, other than top 
management. HR departments should consider very seriously 
that the emergence of new technologies results in the 
emergence of new job profiles, and some of the existing jobs 
will disappear. One of the necessary measures that 
companies should take, especially for workers with a lower 
level of education and job profile, is the use of positive 
principles of work psychology. Employees often show big 
resistance to changes that can result on the lack of knowledge 
but also human fear of the new. Establishing an 
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organizational culture that promotes constant learning and 
adaptation to changes is suggested. The task of top 
management is to foster employee motivation, and educate 
but also listen to employees. 

In manufacturing companies, the aim therefore is to 
establish changes that are based on knowledge in relation to 
the work position classification, thereby enabling a 
successful process of appropriate education and learning that 
involves all company employees in line with their specific 
classification characteristics. This can enable the 
implementation of the smart factory concepts and 
transformation to Industry 5.0 to positively affect the entire 
organisation, and lead to business and social progress. These 
results therefore highlight the significance of technological 
humanism in today’s world of rapid technological 
development. 
 
6 REFERENCES 
 
[1]  Li, K., Zhang, Y., Huang, Y., Tian, Z. & Sang, Z. (2023). 

Framework and capability of industrial IoT infrastructure for 
smart manufacturing. Standards, 3(1), 1-18.  

 https://doi.org/10.3390/standards3010001 
[2] Ryalat, M., ElMoaqet, H. & AlFaouri, M. (2023). Design of a 

smart factory based on cyber-physical systems and Internet of 
Things towards Industry 4.0. Applied Sciences, 13(4), 2156.  

 https://doi.org/10.3390/app13042156 
[3]  Klippert, M., Marthaler, F., Spadinger, M. & Albers, A. (2020). 

Industrie 4.0–An empirical and literature-based study how 
product development is influenced by the digital 
transformation. Procedia CIRP, 91, 80-86. 

 https://doi.org/10.1016/j.procir.2020.02.152 
[4]  Koldewey, C., Hobscheidt, D., Pierenkemper, C., Kühn, A. & 

Dumitrescu, R. (2023). Increasing Firm Performance through 
Industry 4.0—A Method to Define and Reach Meaningful 
Goals. Sci 2022, 4, 39. https://doi.org/10.3390/sci4040039  

[5]  Mrugalska, B. & Ahmed, J. (2021). Organizational agility in 
industry 4.0: A systematic literature review. Sustainability, 
13(15), 8272. https://doi.org/10.3390/su13158272 

[6]  Sony, M. (2020). Pros and cons of implementing Industry 4.0 
for the organizations: a review and synthesis of evidence. 
Production & Manufacturing Research, 8(1), 244-272. 

 https://doi.org/10.1080/21693277.2020.1781705 
[7]  Chauhan, C., Singh, A. & Luthra, S. (2021). Barriers to 

industry 4.0 adoption and its performance implications: An 
empirical investigation of emerging economy. Journal of 
Cleaner Production, 285, 124809. 

 https://doi.org/10.1016/j.jclepro.2020.124809 
[8]  Ejsmont, K. (2021). The impact of industry 4.0 on 

employees—insights from Australia. Sustainability, 13(6), 
3095. https://doi.org/10.3390/su13063095 

[9]  Sima, V., Gheorghe, I. G., Subić, J. & Nancu, D. (2020). 
Influences of the industry 4.0 revolution on the human capital 
development and consumer behavior: A systematic review. 
Sustainability, 12(10), 4035. https://doi.org/10.3390/su12104035 

[10] Dautaj, M. & Rossi, M. (2021). Towards a new society: solving 
the dilemma between Society 5.0 and Industry 5.0. In IFIP 
International Conference on Product Lifecycle Management 
(pp. 523-536). Cham: Springer International Publishing.  

 https://doi.org/10.1007/978-3-030-94335-6_37 
[11] Ganer, S. D., Kediya, S. O., Suchak, A. K., Dey, S. K. & Band, 

G. (2022). Analytical study of HRM practices in industry 5.0. 

IOP Conference Series: Materials Science and Engineering, 
1259(1), p. 012041.  
https://doi.org/10.1088/1757-899X/1259/1/012041 

[12] Agca, O., Gibson, J., Godsell, J., Ignatius, J., Davies, C. W. & 
Xu, O. (2018). An Industry 4 readiness assessment tool. 
Loughborough University.  

[13] Çınar, Z. M., Zeeshan, Q. & Korhan, O. (2021). A framework 
for industry 4.0 readiness and maturity of smart manufacturing 
enterprises: a case study. Sustainability, 13(12), 6659.  

 https://doi.org/10.3390/su13126659 
[14] Schumacher, A., Erol, S. & Sihn, W. (2016). A maturity model 

for assessing Industry 4.0 readiness and maturity of 
manufacturing enterprises. Procedia Cirp, 52, 161-166.  

 https://doi.org/10.1016/j.procir.2016.07.040 
[15] Brozzi, R., D’amico, R. D., Pasetti Monizza, G., Marcher, C., 

Riedl, M. & Matt, D. (2018). Design of Self-assessment Tools 
to measure industry 4.0 readiness. A methodological approach 
for craftsmanship SMEs. In Product Lifecycle Management to 
Support Industry 4.0: 15th IFIP WG 5.1 International 
Conference, PLM 2018, Turin, Italy, July 2-4, 2018. 
Proceedings, 15, 566-578. Springer International Publishing. 

  https://doi.org/10.1007/978-3-030-01614-2_52 
[16] Ilanković, N., Živanić, D., Zelić, A., Guban, M. & Szabo, L. 

(2019). Basic Principles of Industry 4.0 as the Foundation for 
Smart Factories and Digital Supply Networks. Proceedings of 
International Conference "Sustainable Logistics", 4, 59-64. 

[17] Babkin, A., Shkarupeta, E., Kabasheva, I., Rudaleva, I. & 
Vicentiy, A. (2022). A Framework for Digital Development of 
Industrial Systems in the Strategic Drift to Industry 5.0. 
International Journal of Technology, 13(7). 

 https://doi.org/10.14716/ijtech.v13i7.6193 
[18] Adel, A. (2022). Future of industry 5.0 in society: Human-

centric solutions, challenges and prospective research areas. 
Journal of Cloud Computing, 11(1), 1-15.  

 https://doi.org/10.1186/s13677-022-00314-5 
[19] Hein-Pensel, F., Winkler, H., Brückner, A., Wölke, M., Jabs, 

I., Mayan, I. J., ... & Zinke-Wehlmann, C. (2023). Maturity 
assessment for Industry 5.0: A review of existing maturity 
models. Journal of Manufacturing Systems, 66, 200-210. 

 https://doi.org/10.1016/j.jmsy.2022.12.009 
[20] Breque, M., De Nul, L. & Petridis, A. (2021). Industry 5.0: 

towards a sustainable, human-centric and resilient European 
industry. European Commission, Directorate-General for 
Research and Innovation. Publications Office of the European 
Union. 

[21] Carayannis, E. G. & Morawska-Jancelewicz, J. (2022). The 
futures of Europe: Society 5.0 and Industry 5.0 as driving 
forces of future universities. Journal of the Knowledge 
Economy, 13(4), 3445-3471. 

 https://doi.org/10.1007/s13132-021-00854-2 
[22] Hofkirchner, W. (2021). The Future of Anthroposociogenesis: 

Panhumanism, Anthroporelational Humanism and Digital 
Humanism. In Proceedings, 81(1), p. 114. 

 https://doi.org/10.3390/proceedings2022081114 
[23] Werthner, H., Ghezzi, C., Kramer, J., Nida-Rümelin, J., 

Nuseibeh, B., Prem, E. & Stanger, A. (2024). Introduction to 
Digital Humanism: A Textbook.  

 https://doi.org/10.1007/978-3-031-45304-5 
[24] Prem, E. (2024). Principles of digital humanism: A critical 

post-humanist view. Journal of Responsible Technology, 17, 
100075. https://doi.org/10.1016/j.jrt.2024.100075 

[25] Liliasari, S., Amsad, L. N. & Wahyudi, A. (2021). Innovative 
chemistry education: An alternative course models in the 
disruption era. Journal of Physics: Conference Series, 1731(1), 
p. 012023. https://doi.org/10.1088/1742-6596/1731/1/012023 



Željko Vukelić et al.: Research Model of the Degree of Technological Humanism in Manufacturing Companies in the Transformation towards Industry 5.0 

TEHNIČKI GLASNIK 18, 3(2024), 410-417                               417 

[26] Carayannis, E. G. & Morawska-Jancelewicz, J. (2022). The 
futures of Europe: Society 5.0 and Industry 5.0 as driving 
forces of future universities. Journal of the Knowledge 
Economy, 13(4), 3445-3471.  

 https://doi.org/10.1007/s13132-021-00854-2 
[27] ESADE. (2020). Humanismo Tecnológico o cómo hacer al ser 

humano el centro de la automatización global. Conclusiones 
del Foro de Humanismo Tecnológico. (in Spanish) 

[28] Hernando, A. (2022). Humanismo digital: la tecnología al 
servicio de las personas y del propósito de las empresas. 
Institute for Social Innovation. Barcelona. (in Spanish) 

[29] Molina, R. I. R., Amaris, R. R. A., Raby, N. D. L. & Severino-
González, P. (2024). Trends in the knowledge area of 
organizations in Industry 5.0: perspectives and theoretical 
references. Procedia Computer Science, 231, 571-576.  

 https://doi.org/10.1016/j.procs.2023.12.252 
[30] Liu, Y., Yuan, X., Xiong, Z., Kang, J., Wang, X. & Niyato, D. 

(2020). Federated learning for 6G communications: 
Challenges, methods, and future directions. China 
Communications, 17(9), 105-118.  

 https://doi.org/10.23919/JCC.2020.09.009 
[31] Li, L. (2022). Reskilling and upskilling the future-ready 

workforce for industry 4.0 and beyond. Information Systems 
Frontiers, 1-16. 

 https://doi.org/10.1007/s10796-022-10308-y 
[32] Saniuk, S. & Grabowska, S. (2022). Development of 

knowledge and skills of engineers and managers in the era of 
Industry 5.0 in the light of expert research. Zeszyty Naukowe. 
Organizacja i Zarządzanie/Politechnika Śląska.  

 https://doi.org/10.29119/1641-3466.2022.158.35 
[33] Nahavandi, S. (2019). Industry 5.0—A human-centric solution. 

Sustainability, 11(16), 4371. https://doi.org/10.3390/su11164371 
[34] Huang, S., Wang, B., Li, X., Zheng, P., Mourtzis, D. & Wang, 

L. (2022). Industry 5.0 and Society 5.0—Comparison, 
complementation and co-evolution. Journal of manufacturing 
systems, 64, 424-428. https://doi.org/10.1016/j.jmsy.2022.07.010 

[35] Schwab, K. & Zahidi, S. (2020, October). The future of jobs 
report 2020. In World economic forum (Vol. 20). 

[36] Romero, D. & Stahre, J. (2021). Towards the resilient operator 
5.0: The future of work in smart resilient manufacturing 
systems. Procedia CIRP, 104, 1089-1094. 

 https://doi.org/10.1016/j.procir.2021.11.183 
[37] Morton, J., Amrollahi, A. & Wilson, A. D. (2022). Digital 

strategizing: An assessing review, definition, and research 
agenda. The Journal of Strategic Information Systems, 31(2), 
101720. https://doi.org/10.1016/j.jsis.2022.101720 

[38] Leng, J., Sha, W., Wang, B., Zheng, P., Zhuang, C., Liu, Q., ... 
& Wang, L. (2022). Industry 5.0: Prospect and retrospect. 
Journal of Manufacturing Systems, 65, 279-295.  

 https://doi.org/10.1016/j.jmsy.2022.09.017 
[39] Trstenjak, M., Hegedić, M., Cajner, H., Opetuk, T. & 

Tošanović, N. (2023, June). Cognitive Ergonomics in Industry 
5.0. In International Conference on Flexible Automation and 
Intelligent Manufacturing (pp. 763-770). Cham: Springer 
Nature Switzerland. 

 https://doi.org/10.1007/978-3-031-38165-2_88 
[40] Pouyakian, M. (2022). Cybergonomics: Proposing and 

justification of a new name for the ergonomics of Industry 4.0 
technologies. Frontiers in Public Health, 10, 1012985. 

 https://doi.org/10.3389/fpubh.2022.1012985 
[41] Morawska-Jancelewicz, J. (2022). The role of universities in 

social innovation within quadruple/quintuple helix model: 
Practical implications from polish experience. Journal of the 
Knowledge Economy, 13(3), 2230-2271.  

 https://doi.org/10.1007/s13132-021-00804-y 

[42] Maddikunta, P. K. R., Pham, Q. V., Prabadevi, B., Deepa, N., 
Dev, K., Gadekallu, T. R., ... & Liyanage, M. (2022). Industry 
5.0: A survey on enabling technologies and potential 
applications. Journal of Industrial Information Integration, 26, 
100257. https://doi.org/10.1016/j.jii.2021.100257 

[43] Simonetto, M., Arena, S. & Peron, M. (2022). A 
methodological framework to integrate motion capture system 
and virtual reality for assembly system 4.0 workplace design. 
Safety Science, 146, 105561.  

 https://doi.org/10.1016/j.ssci.2021.105561 
[44] Molino, M., Cortese, C. G. & Ghislieri, C. (2020). The 

promotion of technology acceptance and work engagement in 
industry 4.0: From personal resources to information and 
training. International journal of environmental research and 
public health, 17(7), 2438. 

 https://doi.org/10.3390/ijerph17072438 
[45] Salvadorinho, J. & Teixeira, L. (2023). Happy and Engaged 

Workforce in Industry 4.0: A New Concept of Digital Tool for 
HR Based on Theoretical and Practical Trends. Sustainability, 
15(3), 2781. https://doi.org/10.3390/su15032781 

[46] Firescu, V., Gaşpar, M. L., Crucianu, I. & Rotariu, E. (2022). 
Collaboration between Humans and Robots in Organizations: 
A Macroergonomic, Emotional, and Spiritual Approach. 
Frontiers in Psychology, 13, 855768.  

 https://doi.org/10.3389/fpsyg.2022.855768 
[47] Battini, D., Berti, N., Finco, S., Zennaro, I. & Das, A. (2022). 

Towards industry 5.0: A multi-objective job rotation model for 
an inclusive workforce. International Journal of Production 
Economics, 250, 108619.  
https://doi.org/10.1016/j.ijpe.2022.108619 

[48] Trstenjak, M., Hegedić, M., Tošanović, N., Opetuk, T., Đukić, 
G. & Cajner, H. (2022, October). Key Enablers of Industry 5.0-
Transition from 4.0 to the New Digital and Sustainable System. 
In Global Conference on Sustainable Manufacturing (pp. 614-
621). Cham: Springer International Publishing. 

 https://doi.org/10.1007/978-3-031-28839-5_69 
 
 
Authors’ contacts: 
 
Željko Vukelić, PhD, BSc 
Marius d.o.o., 
Voćarska 44, 10000 Zagreb, Croatia 
zeljko.vukelic@marius.hr  
 
Hrvoje Cajner, Assistant professor PhD, BSc 
(Corresponding author) 
University of Zagreb,  
Faculty of Mechanical Engineering and Naval Architecture,  
Ivana Lučića 5, 10002 Zagreb, Croatia 
hrvoje.cajner@fsb.unizg.hr 
 
Gordana Barić, MSc 
University of Zagreb,  
Faculty of Mechanical Engineering and Naval Architecture,  
Ivana Lučića 5, 10002 Zagreb, Croatia 
gordana.baric@fsb.unizg.hr 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


