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 Abstract 

The fourth industrial revolution (4IR) means the ubiquitous digitization of economic processes using 

more economical and efficient production technologies. Orientation to productivity, flexibility and 

low production costs results in a slow process of dehumanization of industry and concentration only 

on implementing Industry 4.0 (I4.0) digital technologies. A natural consequence of this trend is the 

concern of governments, employees and communities about new challenges and the importance of 

man in the economic ecosystem. The hope is the emergence of a new industry concept suggested by 

the European Commission (EU), which expands the components of the existing I4.0 concept to include 

human-centric, environmental and resilience aspects. Industry 5.0 (I5.0) is an excellent alternative to 

the development of today's digital and dehumanized world.   

The article aims to identify the key research areas related to the formation of the role of the human 

being and the safe work environment in implementing the I5.0 concept. The article analyzes the re-

search areas related to implementing the I5.0 concept based on a systematic review of the literature 

indexed in the Web of Science and Scopus databases. Identifies key issues related to the role of humans 

in the I5.0 environment. In addition, the priority directions for developing the identified research areas 

and their impact on forming a safe work environment are determined based on the knowledge of ex-

perts with experience in implementing digital technologies of the 4IR.  
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1. Introduction 

The industries transformed during the 4IR radically im-

pacted society. This is incredibly accurate for industrial work-

ers, whose roles may be changing or even at risk. The increas-

ing dependence on complex technologies will require the 

development of new work environments and skills. It is al-

ready certain today that there will be more significant changes 

in the way the workforce is organized, challenging the tradi-

tional industrial work model. The currently observed trend of 

combining automation and digitalization of various processes 

in the economy may have a significant impact on the social 

role of industry as a current supplier of jobs and a catalyst for 

economic growth. These changes and issues associated with 

technological advancement require the industry to re-examine 

its position and significance in society. A significant threat is 

adapting the work environment to new conditions resulting 

from digital transformation (Chiabert et al., 2018). 

Awareness of the dangers of global warming and the high 

energy cost is pushing for the principles of sustainability, sus-

tainable production and consumption, and the evolution to 

a circular economy approach. It is crucial to increase our de-

pendence on sustainable resources, particularly renewable en-

ergy. A priority for Europe, especially the European Union, is 

becoming the widespread digitization of economic processes 

and the use of more economical and efficient production tech-

nologies. The excessive focus on adopting I4.0 technologies 

has led to the dehumanization of the workforce. This has 

raised concerns among employees, governments, and societies 
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regarding the impact on work conditions and the future of hu-

man involvement in the smart industry (Breque et al., 2022).  

The European Commission has proposed a new approach to 

4IR called Industry 5.0, which constructs upon and expands 

the defining characteristics of I4.0. This concept emphasizes 

critical aspects that will play a vital role in positioning the in-

dustry for the European society of the future (EC 2021). These 

factors are not only economic or technological but also have 

significant environmental and social dimensions. Equally im-

portant is the search for solutions to improve the well-being of 

workers. 

It has been shown through various scientific studies that the 

role of human beings is crucial in shaping the future of indus-

try. The humanization of the technologically-built environ-

ment was a fundamental factor in the evolution of I4.0 to I5.0 

(Barata and Kayser, 2023). Technology use must not violate 

Workers' fundamental rights, including privacy, independ-

ence, and human dignity. The combination of the speed and 

accuracy guaranteed by automation with the critical thinking, 

creativity and cognitive skills of humans is expected to guar-

antee the success of I5.0. New concept of 4IR focuses on the 

interaction between humans and machines. The new approach 

will inspire the development of advanced human-machine in-

terfaces supported by AI algorithms. This means faster and 

better automation with human intelligence for better integra-

tion. It also creates new opportunities and risks to worker's 

health and safety (Melnyk et al. 2023). 

Hence, research is needed for human safety in Industry 5.0's 

digital environment. Based on the above considerations, the 

following research questions can be defined:  

RQ1: Which research areas are currently addressed in the 

literature on the role of humans in the 4IR and the formation 

of a safe work environment? 

RQ2: Which skills and competencies must employees pos-

sess to implement the Industry 5.0 concept successfully?  

Thus, the article's aim is to identify key research areas con-

nected to the formation of the role of man and the safe work 

environment under the conditions of I5.0 implementation. The 

article analyses research areas related to Industry 5.0 imple-

mentation based on a systematic literature review indexed in 

the WoS and Scopus databases. It identifies the most critical 

problems and research areas related to man's role in the I5.0 

environment. 

Moreover, based on the knowledge of experts with experi-

ence in implementing the I4.0 concept, priority directions for 

developing research areas that influence forming a safe work 

environment were determined. Attention was given to work 

organization and the necessary skills of human resources.  

The presented results are dedicated to researchers and prac-

titioners interested in a safe work environment while imple-

menting the I5.0. 

2. The Industry 4.0 concept versus the Industry 

5.0 concept 

The I4.0 concept has overhauled the manufacturing sector 

with the following technology: Industrial Internet of Things 

(IoT), Artificial Intelligence (AI), Big Data, Cyber-Physical 

Systems (CPS), Cloud Computing and Augmented Reality 

(AR). The main feature of cyber-physical systems design is 

smart production by interconnecting intelligent machines sup-

ported by many sensors that can communicate in real-time 

within the production process (Xu, 2020; Lasi et al., 2014). 

The creators of the I4.0 concept assumed that the main priority 

of the smart factory is the autonomy and full automation of 

machines, equipment, and processes, thereby reducing man's 

intervention in the manufacturing process (Aceto et al., 2019; 

Xu et al., 2018). The reduction of production costs and in-

creasing competitiveness of manufacturing production in 

Western Europe has led the I4.0 concept to focus on enhancing 

mass productiveness and efficiencies by ensuring intelligence 

between equipment and software using machine learning 

(ML) (Azeem et al., 2021; Lemos et al., 2022). 

Furthermore, the rapid advancement of technology and the 

increasing reliance of humans on technology have raised re-

searchers' interest in technological trust. Lippert was one of 

the first researchers to define trust in technology. According 

to him, trust in technology refers to an individual's willingness 

to be influenced by technology, which is based on the technol-

ogy's expected predictability, credibility, usefulness, and the 

individual's preference for the technology (Lippert, 2001). 

Ejdys added that trust in technology is influenced by the per-

ceived properties of the technology and environmental factors. 

The inclination to use technology despite the potential risks 

associated with its use determines an individual's future inten-

tions regarding the use of a particular technology. This implies 

that the tendency to use technology is primarily determined by 

its expected functionality, reliability, and support system 

(Ejdys, 2017).  

Even though the idea of I4.0 was implemented a decade ago, 

in 2011, research is already underway to introduce the new 

I5.0 concept (Maddikunta et al., 2022; Nahavandi, 2019). The 

I5.0 concept responds to the industrial worker community's 

current demand and concerns against the industry's wide-

spread dehumanisation. The idea of Industry 5.0 further devel-

ops the I4.0 concept in a more broad and forward-thinking 

way (Breque et al., 2022). I5.0 focuses on mass personalisa-

tion through sustainability, resilience and human collaboration 

with CPS, mainly collaborative robots. I5.0 is currently being 

conceptualised to use the unique ingenuity of humans their 

empathy in partnership with powerful, clever and precise en-

gines and artificial intelligence. The creators of the Industry 

5.0 concept believe it will bring humanity back to the manu-

facturing industry (Nahavandi, 2019). 

So far, manufacturing systems have mainly focused on effi-

cient large-scale production, while the I5.0 idea draws more 

focus on increasing customer satisfaction. In the future, fewer 

products should be produced, and more attention should be 

paid to customisation. Products should not be characterised by 

a short life cycle or be engineered in a way that they cannot be 

simply and cheaply repaired. An interesting advantage of I5.0 

is to deliver a greener solution to existing manufacturing solu-

tions (Demir et al., 2019).  

The literature contains many definitions that characterize 

the I5.0 concept, some of which are shown in Table 1. 
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Table 1. Selected definition of the I5.0 idea 

Definition of Industry 5.0 Author/source 

Definition 1. I5.0 is the first human-led in-

dustrial evolution based on the 6R (Recog-

nise, Reconsider, Realise, Reduce, Reuse and 

Recycle) rules of industrial upcycling, a reg-

ular landfill waste prevention technique and 

logistics efficiency design to value living 

standards, innovative creations and produce 

high-quality customized products. 

(Rada, 2020) 

 

Definition 2. I5.0 will primarily focus on hu-

man-machine collaboration, thus bringing 

the human touch or element into the industry 

again. It has to be noted that I5.0 aims to ex-

ploit the synchronous advantages of ma-

chines with human capabilities of cognition 

and decisiveness. 

(Pillai et al., 

2021) 

 

Definition 3: I5.0 returns human workforce 

to the manufacturing plant, where people and 

machines are pared down to improve the effi-

ciency of the process by leveraging human 

brainpower and ingenuity through the inte-

gration of workflows with intelligent sys-

tems. 

(Nahavandi, 

2019)  

Definition 4: I5.0 implies consideration of 

people factors incorporated into processes, 

systems and technological facets.   

(Friedman and 

Hendry, 2019) 

Definition 5: I5.0 is interpreted as the combi-

nation of the power of cyber-physical pro-

duction systems (CPPS) and human smarts to 

develop synchronous manufacturing facto-

ries. 

(Longo et al., 

2020) 

 

Based on a review of the above definitions, it can be con-

cluded that Industry 5.0 will be defined by a renewed and 

broadened purpose beyond the production of commodities and 

benefits for profit. This broader purpose consists of three es-

sential elements: human-centric, sustainability and resilience. 

For an industry to get a source of real wealth, social, environ-

mental and community considerations must be a priority in its 

development. This includes responsible innovation that aims 

to increase cost efficiency or maximise investor returns and 

enhance the well-being of all stakeholders, including employ-

ees, consumers, society and the environment (EC, 2022). Gen-

erally speaking, the idea of I5.0 stretches the ideas of I4.0 in a 

more human- and social-friendly way (Maddikunta et .al., 

2022; Prassida and Asfari, 2022). 

I5.0 is based on three fundamental approaches (EC, 2022): 

• The Human-centric approach means using human poten-

tial in machine learning or close cooperation between hu-

mans and cobots. The industry's widespread use of digital 

technologies must prioritize human characteristics for op-

timal synergy. I5.0 combines the best features of two 

worlds: technology, which guarantees productivity, flex-

ibility and accuracy, and a human being with cognitive 

skills and critical thinking. I5.0 is not a threat to employ-

ees like I4.0 (Martynov et al., 2019; Amor, 2023). 

• The sustainability means the approach is greatly suitable 

for the 'fit for 55' package adopted by the EC on July 14 

2021. The EC is adapting existing climate and energy leg-

islation to reach the EU's new target of cutting emissions 

of greenhouse gases (GHG) by at least 55% by 2030. The 

"fit for 55" package is embedded in the European Green 

Deal, which seeks to put the EU on a climate-neutral path 

by 2050 (EC, 2021). This means the need for more excel-

lent orientation to applying the principles of sustainable 

production and consumption and using CPSs using re-

newable energy in the I5.0 concept. Therefore, the I5.0 

concept forces us to apply the principles of a closed digi-

tal economy and limit the industry's negative impact on 

the natural environment (Voulgaridis et al., 2022). 

• Resilience means the approach is an essential aspect of 

designing production and logistics systems and processes 

due to the geopolitical situation and the experience related 

to the COVID-19 pandemic. The over-development of 

global supply chains and the focus on globalisation has 

resulted in numerous supply disruption issues for produc-

tion. In addition, the widespread digitisation and virtuali-

sation of production spheres carry the risk of disruption 

in the flow of information. Hence, the need to focus on 

developing cybersecurity of processes and data sets that 

are the basis for the communication of intelligent re-

sources, smart factories and entire supply chains. The re-

silient industry is the challenge of the modern world today 

(Romero et al., 2021). 

The European Commission has established 6 areas of tech-

nological developments that are realisations of sustainability, 

human orientation and resilience (EC, 2020): 

1. Human-machine integration - This field should include 

technologies for identifying speech, and gestures and pre-

dicting behavioral intentions. Additionally, it should in-

clude technologies to manage employee stress and strain. 

Functional will also include technologies for composite, 

cyber or blended reality, cooperating robots, exoskele-

tons, etc. Also within the scope of this area are aspects of 

ensuring the safety of cooperation with intelligent ma-

chines, including ML and AI algorithms for recognising 

the idiosyncrasies of the operator. Working together with 

collaborative robots can have several implications, such 

as altering the role of human resources, ethical consider-

ations associated with cobots, training humans to work 

alongside cobots, regulatory challenges, psychological 

concerns related to human adjustment to a new form of 

work and examining job dynamics for both humans and 

cobots (Sheridan, 2016). 

2. Biologically inspired technologies and smart materials - 

Industry 5.0 requires a focus on environmental protection 

and even some kind of imitation of nature and the use of 

natural physical processes and chemical reactions, e.g. in 

biogas generation or waste disposal, fermentation, etc. 

Therefore, manufacturing raw materials from waste, the 

prevalence of recycling, using biosensors, etc., will be-

come standard in I5.0. Interest is also increasing in the use 

of intelligent materials with sensors and highly up to date 

features that can be cycled and re-used. 

3. Digital twins (DT) and real-time simulation - the technol-

ogies streamline manufacturing, testing products and op-

erations, and identifying potential adverse impacts on 

work safety and production system efficiency. Most 
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relevant is the possibility to simulate the collaboration be-

tween a man and a robot cooperating in the digital equiv-

alent of the production system. In addition, combining the 

digitized double of CPS with multi-dimensional dynam-

ical modeling and simulation enables measurement of the 

environmental and social impacts. 

4. Cybersecurity represents technologies for securing the 

transmission, storage and analysis of data necessary for 

proper functioning cyber-physical systems 

throughout the value chain. This technology area 

includes scalable multi-layered cyber security, 

protected IT infrastructure, and data operating in 

cloud computing technology. In addition, cyber-

security technologies include machine learning 

processes to prevent intelligent machines from 

taking over. A form of security protection from 

digital asset attack is the increasingly successful 

Edge Computing technology, which reduces com-

munication expenses and provides better perfor-

mance of the application in distant areas with re-

duced network access. Edge Computing 

technology provides a paradigm for distributed 

processing at the data source, improving network 

throughput performance and response time. 

5. Artificial intelligence - Nowadays, the highest ex-

pectations for the growth of artificial intelligence 

come from the technology based on causality, not 

only correlation. Artificial intelligence algorithms 

are essential to ensure the safety of humans inter-

acting with intelligent machines, respond quickly 

to unconventional operator behavior and reduce 

the risk of accidents during human-machine inter-

action.  

6. Energy efficiency technologies aimed at developing the 

integration of revolving energy sources - One of the crit-

ical areas of Industry 5.0 is sustainability which is an ex-

cellent excuse to prepare companies for the fit-for-55 

package. Regardless of their level of digital sophistica-

tion, today's companies must start using energy-efficient 

technologies and demonstrate t using energy from sus-

tainable resources. The motivator for such action is the 

currently observed increase in energy prices, especially 

those derived from fossil fuels. 

I5.0 represents an evolution of the I4.0 concept priorities, 

not a new revolution. The conversion of the I4.0 idea towards 

the I5.0 requires consideration of a number of problems re-

lated to the importance of using human resources in smart fac-

tory. Particularly important are aspects of organising human-

machine cooperation, ensuring occupational safety when op-

erating collaborative robots, and personnel requirements re-

lated to the knowledge and skills of workers employed in I5.0 

smart factories. To achieve all I5.0 goals, digital technologies 

must be implemented comprehensively due to their different 

impacts on the individual pillars of Industry 5.0, i.e. achieving 

human orientation, system resilience and sustainable produc-

tion. 

 

 

3. Materials and methods 

To explore the role of humans in the 4IR, and to identify the 

knowledge and skills required to deployment the I5.0 concept, 

we conducted an in-depth analysis of scientific articles from 

the WoS and Scopus databases. Our methodology included a 

literature analysis, an expert survey, and discussions to draw 

conclusions. Figure 1 presents the used research methodolog-

ical framework.  

Fig. 1. Methodological framework 

Additionally, we focused on creating a safe work environ-

ment in this new era of Industry 5.0. The following search cri-

teria were adopted: 

Search period: from January 01 2011, to December 31 2022 

(2011 is the beginning of I4.0, which is the basis for I5.0 con-

cept - hence this search start date); 

• the WoS and Scopus databases were searched for the 

words I4.0 AND/OR I5.0 AND Occupational safety and 

health in titles, abstracts and keywords of publications; 

• in the WoS and Scopus database, searching for the words 

I4.0 AND/OR I5.0 AND Human-centric in titles, ab-

stracts and keywords of publications; 

• the WoS and Scopus database searched for the words I4.0 

AND/OR I5.0 AND knowledge and skills in the titles, ab-

stracts and keywords of publications; 

• the WoS and Scopus database was searched for the words 

I4.0 AND/OR I5.0 AND HCPS in the titles, abstracts and 

keywords of publications; 

• the result was narrowed down to scientific articles pub-

lished in English. 

The expert survey helped collect the necessary responses to 

achieve the goal of the paper. The experts represented the re-

quired knowledge and experience from Industry 4.0/5.0 tech-

nologies. The questionnaire was standardized and was 
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validated among five independent European experts. The sur-

vey questionnaire consisted of 10 questions (5 closed and 5 

semi-open). 79 experts were interviewed between February 1 

and March 15, 2023. The experts represented companies that 

implemented technologies related to cyber-physical produc-

tion systems and represented the automotive and food indus-

tries. The study was conducted using the survey questionnaire 

method and Computer-Assisted Web Interview (CAWI) data 

collection technique. 

4. Results and discussion  

4.1 The role of humans and occupational safety in the 

I5.0 environment 

To determine the role of humans and occupational safety in 

the I5.0 environment, the content of papers found in the Web 

of Science (WoS) and Scopus databases was analysed. Details 

of the search are described in the Materials and Methods sec-

tion. The quantitative results of the search are shown in Table 

2. Very similar results were obtained in both databases. 

Table 2. Quantitative results of search phrases in WoS and Scopus 

database 

Search phrases No. of arti-

cles in Wos 

No. of arti-

cles in Sco-

pus 

I4.0 AND Occupational safety and 

health 

12 7 

I5.0 AND Occupational safety and 

health 

1 1 

I4.0 AND Human-centric  37 48 

I5.0 AND Human-centric  26 32 

I4.0 AND knowledge and skills 29 34 

I5.0 AND knowledge and skills 3 4 

I4.0 AND HCPS 7 1 

I5.0 AND HCPS 1 2 

 

As can be noticed from the data summarized in Table 2, the 

searched areas of health and safety, Human-centric, 

knowledge and skills, and HCPS in the I5.0 environment are 

still poorly researched. The articles indexed in the WoS data-

base are usually the same papers as those searched in the Sco-

pus database. Due to their small number, a detailed content 

analysis of all the papers was carried out and based on this, 

research areas were identified, which are presented as a Venn 

diagram in Figure 2. A cluster showing the most frequently 

occurring concepts in the analyzed articles (Figure 3). 

 

 

Fig. 2. Venn diagram illustrating the relationships between the areas 

of Industry 5.0, OSH, Knowledge and Skills, HCPS 

 

Fig. 3. The cluster of areas of interest to researchers in Industry 5.0, 

OSH, Knowledge and Skills, and HCPS 

Analyzing the literature and Figure 2, it can be concluded 

that the studied areas of Industry 5.0, OSH, Knowledge and 

Skills, and HCPS intermingle together. However, Figure 3 

presents the most common areas of interest related to Industry 

5.0 implementing. These include: 

• In the area of I5.0 - Human-Centric, Sustainability, Resil-

ient, Technology of I4.0; 

• In the area of HCPS - Human Augmentation, AI, Machine 

Learning, Robots, Productivity, Factor Analysis, Design-

ing A Smart Factory, Human Augmentation, Industrial 

Internet, Cloud platform, Value creation, Hybrid human-

machine, augmented intelligence;  

• within OSH - Personalized Production, Mixed Reality, 

Monitoring Sensors, Safety Management, Safe Work-

places, Technology Adoption, Well - Being, Digitaliza-

tion of OSH, Smart Culture of Safety, Well-Being, Work-

Life Balance, Total Worker Health, Modification of work 

processes, Multifactorial risks, Mobile work, Privacy, 

Personal data protection, Smart working environment, 

Exoskeletons, Smart workwear, Intelligent risk assess-

ment, Autonomous personal protective equipment, New 

psychosocial challenges; 

• Knowledge and Skills - Lifelong Learning, E-Learning, 

New Competencies, Competencies of the future, Digital 

competencies, cognitive load. 

• The seamless integration of human and machine intelli-

gence characterizes Industry 5.0. The new approach is 

closely related to I4.0 technologies, and the effective col-

laboration humans and machines is essential for the suc-

cess of this concept. The development of I5.0 requires the 

utilization of human creativity, intelligence, and empathy 
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within a cyber-physical system. These qualities are criti-

cal features of intelligent machines that can augment hu-

man capabilities and lead to more efficient production 

processes. Hence, developing a category of systems 

called Human-Cyber Physical Systems (HCPS) provides 

an application environment for all areas of technology re-

lated to human centricity, sustainability and resilience. 

An HCPS is an intelligent complex system which consists 

of relevant humans and AI-supported cyber-physical sys-

tems striving to achieve specific production goals opti-

mally. In this case, the physical systems that execute the 

material flows of production operations and carry out pro-

duction tasks function as the "executive". CPSs supported 

by AI are the core of information flows in production ac-

tivities. They support humans in necessary perception 

processes, cognition, analysis, decision-making and con-

trol of physical systems. In the CPSs, humans play the 

role of "masters". Humans are the creators of these sys-

tems, meaning that even the most intelligent cyber-phys-

ical systems owe their intelligence to humans. Addition-

ally, humans are the ones who operate and use these 

systems, which means that they hold the highest position 

and have the ultimate right to make decisions and control. 

In the HCPS cyber system, the industrial Internet and 

cloud platform are two key components that connect var-

ious cyber and physical systems, and people. These com-

ponents serve as integration tools, enabling information 

sharing and coordinated and integrated optimization - two 

essential features of HCPS (Wang et al. 2022). 

Today, people constitute a networked community that 

shares common goals for value creation. This community con-

sists of representatives of enterprises representing suppliers, 

producers, sellers, customers, etc. It means a transformation 

from a product-centric model to a customer-centric model and 

from a production model to a production-service model (Zhou 

et al., 2019). The key issue in I4.0 is neglecting the role of 

human resources and focusing on improving productivity 

through technologies that eliminate humans from the value-

creation process. This problem will grow and may meet with 

excellent resistance from politicians and trade unions of indus-

trial workers if such a modus operandi continues. In Industry 

5.0, it is still essential to digitize processes and use efficient 

manufacturing technologies focused on increasing productiv-

ity while emphasizing the role of humans and using their spe-

cific features that intelligent robots and artificial intelligence 

will not replace. It is about creativity, creative thinking and the 

ability to make empathy decisions and a simple human ap-

proach. Chen et al. (2020) focused on HCPS systems for I5.0 

in the production of wind turbines. The authors proposed a 

conceptual model that includes crucial human assistive tech-

nology features such as health condition monitors, infor-

mation translators, and predictive damage models. It can be 

accomplished through human cooperation and by combining 

the IoT and AI. Longo et al. (2020) drew attention to emerging 

problems in HCPS systems. The article proposes that ethical 

matters involving technology and human rights values in a 

factory environment are not properly represented. They 

proposed a design technique that takes into account human 

values in designing the future factories. 

The main feature of HCPS systems is the creation of hybrid 

human-machine assisted intelligence, which provides a full 

range and synergistically incorporates the advantages of hu-

man and machine intelligence. This allows the innovative po-

tential of people to be released and a significant increase in the 

innovativeness of the manufacturing industry to be achieved 

(Zhong et al., 2017). 

An exciting area of research covered in the articles is the 

development of hybrid human-machine intelligence, which in-

volves integrating and cooperating biological intelligence sys-

tems with machine intelligence systems. These evolutions will 

typically lead potentially to increased problem-solving and de-

cision-making capabilities through humans and machines col-

laboration. Among the potential uses are collaborative ma-

chines (cobots), machine learning, assisted education, and 

human-machine integration products (Pan, 2016). 

The design of today's and tomorrow's HCPS systems re-

quires considering Human-Robot Collaboration (HRC) or 

cobots, which allow humans and collaborative robots to work 

closely together while performing tasks. Special sensors and 

vision systems allow for immediate reactions caused by hu-

man behavior. The future research will be centered on this par-

ticular direction: better understanding human behavior, the en-

vironment, and task completion status. Researchers primarily 

propose using a more significant number of sensors supported 

by advanced artificial intelligence algorithms. Submitting ap-

propriate interfaces for information exchange between hu-

mans and machines is also essential. By their very nature, 

these systems should be oriented towards ensuring greater se-

curity. Unexpected movements of robots will be minimized, 

translating into greater trust and acceptance of cooperation in 

the human-cobot system. Many available solutions come from 

various research areas, such as robotics using demonstration 

techniques, hands-on guidance or simulation techniques, com-

puter science, ML and AI, etc. This will allow the robot to be 

taught to perform complex tasks and will also contribute to 

progress in the area of computer vision and machine learning 

in the field of object recognition and semantic mapping 

(Matheson et al., 2019). 

The human orientation of the Industry 5.0 concept requires 

particular concern for ensuring human safety, especially in hu-

man-smart-machine collaboration. Safety workers, also 

known as occupational health and safety (OSH) professionals, 

are responsible for ensuring a safe work environment through 

policies, procedures, and equipment. Applied digital technol-

ogies, artificial intelligence, dematerialization, cyclicality and 

efficiency as drivers of change in HCPS must allow consider-

ation of worker safety. Important areas currently receiving at-

tention are: 

• Smart working environment - Sources of value for trans-

formational elements include a set of sensors that acquire 

data processed with the support of artificial intelligence 

to learn about working conditions, recognize risky situa-

tions and develop reactions to them. Virtualization and 

intelligent cyber-physical systems assist users in simulat-

ing, predicting and resolving issues. The initial 
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indications of digitization and its integration with smart 

work environments are the inclusion of monitoring de-

vices in work clothing and exoskeletons, which act as ex-

tensions of intelligently connected work equipment and 

personal protective gear. The basis for achieving a safe, 

healthy and effective future work is connecting sensory 

devices to the work environment, allowing information to 

be processed through artificial intelligence techniques. 

Big Data, on the other hand, enables the continuous col-

lection and processing of data, which makes it possible to 

monitor and control OSH in real-time (Simonetto et al., 

2022; Lopez et al., 2021; Balissone et al., 2018; Chiabert 

et al., 2018; Ramos et al., 2022, Nickel 2023). 

• Intelligent risk assessment - Using simulations and virtual 

models in decision-making to assess risks, identify safety 

and control standards and using proactive management, 

the ability to identify unsafe situations, analyze data and 

transform it into preventive information transferred to 

CPSs, expand the capabilities of threat and risk manage-

ment. In addition, real-time dashboards based on key per-

formance indicators (KPIs) and panels of hazards and 

health and safety measures are being created for manage-

ment. The development of autonomous PPE as intelligent 

components, rather than just sensors and interpretive sig-

nal transmitters for preventive services, is another step in 

the digitization of OSH (Ávila-Gutiérrez et al., 2022, 

Campero-Jurado et al., 2020). Industry 5.0 technology en-

ables real-time data collection and prevention of potential 

threats. This leads to continuous improvement of work 

safety. For instance, installing a set of devices and sensors 

can detect and report any operator behavior that may 

threaten workplace safety (Pistolesi and Lazzerini, 2020; 

Sun et al., 2019; Małysa, 2022; Colim et al., 2022). 

An important significance for building an Industry 5.0 envi-

ronment is the use of human characteristics as Resilient Oper-

ator 5.0. The vision of “Resilient Operator 5.0” focuses on cre-

ating a "self-resistant" workforce. Self-resilience - refers to 

physical, biological, worker safety and psychological health, 

as well as the productivity of each worker on the production 

floor. According to Romero and Stahre, in terms of "self-re-

sistance," we are dealing with physical resilience, cognitive 

resilience, biological resilience and psychological resilience. 

Biological resilience refers to the operator's ability to maintain 

industrial health and safety hygiene, which may be supported 

by smart wearables and smart PPE. Exoskeleton technology 

can support an operator's physical resilience by providing ad-

ditional muscle strength, protection, and endurance. Cognitive 

resiliency is achieved through the operator's ability to main-

tain their mental agility under pressure and avoid human mis-

takes by augmented reality (AR) technology operating as a 

digital support system. Mental resilience pertains to the oper-

ator's capacity to emotionally cope with crises, aided by VR 

technology that offers a safe (virtual) workplace to manage 

risks and crises (Romero and Stahre, 2021). The work of Op-

erator 5.0 in an Industry 5.0 environment becomes safe 

through the use of adaptive automation, a feature of which is 

the prevention of errors and undesirable events by combining 

data analytics technology and intuition of the operator with an 

intelligent machine (cobot) equipped with an agent with pre-

dictive and health management abilities. Such a system con-

stitutes a common cognitive system centered on enhancing the 

predictive abilities of the human-machine systems. The two 

components inform and alert each other of potential risks and 

support the system's resilience to disturbances (Vogl et al., 

2019; Jones et al., 2018). 

An important area of interest for researchers in the human-

machine system is Modeling and simulation (MS) and Human 

Digital Twin (HDT). In particular, the MS of people is of tre-

mendous importance in the design of HCPS systems. MS aims 

to define and extract critical characteristics of people to create 

virtual models of human-machine cooperation. The integrated 

virtual models reflect physical units' and humans' key features 

and dynamic movement. Detection devices or smart sensors 

that are discrete and miniaturized record human movement 

and physiological and psychological data better to design a 

safe human-machine system in HCPS systems. Inertial meas-

urement units (Zhou et al., 2020) and optical technology (Bil-

berg and Malik, 2019; Laurent 2023) are used to record human 

motion. Human motion data can support the creation of virtual 

models and control and interact with the physical system. The 

ability to receive biological signals (pulse, electrocardiogram, 

body temperature) makes it possible to monitor the physical 

condition and diagnose the operator in real-time (Wang et al., 

2022). Soon, the much-interested HDT built on advanced 

technologies for reading data about a person's physiological 

and mental states will allow more accurate modelling of hu-

man-machine cooperation in a real system that mirrors the vir-

tual system built in the digital equivalent of the HDT. 

Deployment of digital technologies supporting the work en-

vironment in Industry 5.0 means the need to consider new 

knowledge and new competencies of employees working in 

smart factories. The development of future competencies is 

due to the intensification of the advancement of the I5.0 idea, 

which is a great technological challenge and a psychosocial 

one. This is because modern technologies require continuous 

learning and improvement of digital competencies. They 

cause a heavy cognitive load associated with the huge amount 

of data coming quickly. This increases the already high-stress 

levels among employees. And this is compounded by a reduc-

tion in job stability (temporary, on-call, remote work, inde-

pendent job search, retraining, etc.). Digitalization also bur-

dens a high dependence on others (clients, colleagues, partner 

networks, etc.), a significant factor in the company's success 

(Brauners and Ziefle, 2022; Neumann et al., 2022). 

The skills necessary to realize the concept of I5.0 are mostly 

concerned with digitizing the production environment, col-

lecting and analyzing big data, ensuring data security (cyber-

security) and effectively creating cyber-physical systems. It is 

expected that there will be new theoretical knowledge and 

practical skills for industrial workers and executives. Tradi-

tional skills are being replaced by machines, and the emer-

gence of new expected skills requires adaptation to new tech-

nologies (Santos et al., 2021; Melnyk et al., 2023). 

The standard of production technologies applied (intelligent 

machinery and equipment, autonomous transportation, etc.) 

requires the employment of highly skilled personnel, 
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knowledge transfer skills, teamwork and openness to change. 

Lifelong learning is growing in importance. Production com-

panies need to drive a culture of innovation and learning, and 

change the culture of learning, which involves shifting values 

and priorities. Industry 4.0 technologies are automating many 

processes in companies, making it possible to build more effi-

cient and "lean" work teams, but still requiring a completely 

new approach to developing employee talent. The increasing 

demand for new skills is mainly due to the growing need for 

seamless integration and transparency of information within 

organizations. The production systems are becoming more au-

tomated, and operations are getting more autonomous, which 

requires factories to make self-managed and autonomous de-

cisions. The workforce is expected to be much more flexible 

with the rise of digital connectivity (Rojko et al., 2020; Lee 

and Med, 2021; Adepoju and Aigbavboa, 2021; Li et al., 

2021;Sony and Mekolth, 2022). 

According to the literature on the knowledge and skills of 

human assets to deploy the I5.0 concept, the field under study 

can identify the following problems: 

• employees need specialized knowledge and a whole new 

skills regimen arising from digitization, which is expected 

to lead to an increase in the general productivity of pro-

duction systems, the efficiency of operations leadership, 

and the productivity of production and ancillary processes 

(Saniuk et al., 2021); 

• there is a demand for high-skilled employees character-

ized by receptiveness to new technologies, knowledge 

transfer and teamwork (Ahrens and Spottl, 2015; Mo-

helska and Sokolova, 2018; Shamim et al., 2016; Pfeiffer 

et al. 2016); 

• in an I4.0 environment, it is crucial to merge expertise in 

information and manufacturing technologies with man-

agement skills. This is especially vital in strategy devel-

opment, case analysis, networking by collaboration with 

business partners, new business models, change manage-

ment and use of leadership (Graczyk – Kucharska et al., 

2018; Kazancoglu and Ozkan-Ozen, 2018; Schneider, 

2018); 

• the importance of life-long education in an I5.0 environ-

ment is definitely growing, which requires: promoting a 

culture of innovation and learning, changing modes of 

learning (e.g., remote learning), and a new approach to 

developing workforce talent (Luthra and Mangla, 2018; 

Shamim et al., 2016). 

Research by S. Saniuk and S. Grabowska (2022 a, b), shows 

that employees of smart enterprises implementing the I5.0 

should possess the following skills:  

• general technical knowledge. Have skills related to the 

application of the principles of mathematics, physics, 

chemistry and other sciences necessary to solve engineer-

ing problems;  

• the ability to plan, conduct experimental research and an-

alyse and interpret the results; 

• skills to design systems, components, and processes that 

meet economic, social environmental, health, ethical, 

feasibility, safety and sustainability constraints and con-

ditions; 

• the ability to work in multidisciplinary teams; 

• kills to find, formulate and solve engineering problems; 

• complete understanding of professional, ethical norms, 

principles and responsibilities; 

• verbal and non-verbal communication skills; 

• the necessary knowledge to understand the impact of en-

gineering solutions and decisions in the global, economic, 

social and environmental context; 

• the need for lifelong learning; 

• knowledge and understanding of contemporary world 

problems; 

• technology skills and modern methods used in current en-

gineering practice. 

4.2. Expert findings 

In the next phase of the research, experts were invited to 

give their opinion on the strength of the impact of implement-

ing I5.0 technology areas (designated by the EC) on the hu-

manization of industry. Experts rated the strength of impact on 

a five-point Likert scale (where 1 meant no impact and 5 

meant very high impact). The distribution of responses is pro-

vided in Figure 4. 

 

Fig. 4. The influence of technology on the growth of human orien-

tation and the development of HCPS in Industry 5.0 

Experts rated the impact of I5.0 technology areas on the hu-

manization of the industry as follows: 

• Human-centered technology solutions and human-ma-

chine interface solutions - very high impact of 68 experts, 

high impact of 11 experts; 

• Biology-inspired technologies and smart materials - high 

impact 40 experts, medium 25, low 10, very high 4; 

• Digital twins and simulations - high influence 42 experts, 

very high influence 25, medium 12; 

• Artificial intelligence - very high impact 75, high 4; 

• Technologies for energy efficiency - medium influence 

65 experts, high 10, low 4. 
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From the literature analysis, it is clear that Industry 5.0 is a 

transformation in the knowledge and competencies of employ-

ees. Therefore, the opinion of experts on the skills and com-

petencies needed to create human-centered systems of Indus-

try 5.0 was surveyed. The response breakdown is presented in 

Figure 5. 

 

Fig. 5. Skills and competencies required for developing human-cen-

tric systems of Industry 5.0 

Experts indicated what group of competencies and skills 

will be necessary to create human-centered areas of Industry 

5.0. In their opinion, creating: 

• HCPS - Human-Cyber Physical Systems will require em-

ployees to have: Technical skills and competencies (79), 

Methodological competencies (78), Social skills and 

competencies (69), Personal competencies (35); 

• OSH (Intelligent risk assessment, Smart working envi-

ronment, etc.) will require employees to have: Methodo-

logical competencies (79), Social skills and competencies 

(70), Personal competencies (61), Technical skills and 

competencies (50); 

• MS and HDT will require employees to have: Technical 

skills and competencies (79), Methodological competen-

cies (78), Social skills and competencies (62), Personal 

competencies (10); 

• Human-Robot Collaboration (Cobots): Technical skills 

and competencies (79), Methodological competencies 

(65), Social skills and competencies (65), Personal com-

petencies (30); 

• AI and Hybrid human-machine augmented intelligence: 

Methodological competencies (79), Social skills and 

competencies (79), Technical skills and competencies 

(55), Personal competencies (49); 

• Resilient Operator 5.0: Personal competencies (77), So-

cial skills and competencies (77), Methodological com-

petencies (67), Technical skills and competencies (50). 

To implement Industry 5.0 technologies focused on sustain-

able development, human orientation, and system resilience, a 

new approach is required, particularly in the development of 

new employee competencies. This means that employees with 

technical skills, combined with methodological and social 

ones, will be the most valuable resource. Therefore, 

enterprises should prepare their employees for the transfor-

mation in this area, training them to a great extent and com-

bining social and technical competencies in both managerial 

and engineering positions.  

5. Conclusion 

Industrial companies are still pondering what Industry 4.0 

means for their businesses and what technologies to imple-

ment , meanwhile, the European Commission-driven Industry 

5.0 is looming on the horizon. So companies are facing a cor-

rection in the direction that Industry 4.0 has been taking. Ac-

cording to the I5.0 concept, production is to be not only com-

petitive, but also resilient to disruption, as well as sustainable. 

Unlike the industry developed according to the 4.0 concept, it 

should go beyond the purely financial gains from digitization 

and automation. 

Enterprises today recognize the importance of adapting to 

changing times, especially with modern technologies and the 

digitization of processes. It is crucial to leverage the new 

knowledge, creativity, and competencies of employees to stay 

ahead in the market. To gain a competitive edge, it's essential 

to have expertise, market flexibility, and a human-centric ap-

proach, not just in the market but also in creating a safe work 

environment.  

The Industry 5.0 concept seeks to create connections based 

on trust and interaction between humans and machines. It en-

ables HCPS systems to benefit more significantly from intel-

ligent machines and devices and 5.0 operators equipped with 

new skills and gadgets (exoskeletons, augmented reality 

glasses, etc.). To enter new efficiency, productivity and resil-

ience levels human systems nor machines can achieve. A fac-

tory operating under the principles of I5.0 would potentially 

create a totally separate and far more complex mix of issues. 

The reconfiguration of production areas, involving very rapid 

tool changes and even physical equipment movement, can cre-

ate a number of occupational safety issues. The vast number 

of potential customer configurations may require risk assess-

ments to be conducted separately for each. 

I5.0 concept, characterized by its human orientation, further 

intensifies the need to develop employees' knowledge and 

competence. The application of intelligent interfaces, aug-

mented reality and collaborative robots are changing the inter-

action: human-CPS. Today's employees must understand the 

need to collaborate and manage systems composed of intelli-

gent machines and devices. According to conduct research and 

analysis of the literature, recent trends in sustainability and 

systems resilience are necessary for improving the modern 

workforce. In addition, technical capabilities are required due 

to widespread digitization, which results in more efficient and 

flexible manufacturing systems and requires close human-ma-

chine cooperation. There is a demand to recruit high-skilled 

workers with an ability to be open to transformation and to 

transfer knowledge and work as part of a team. Experts em-

phasize combining different competencies (technical, method-

ological, social and personal). This poses a challenge to the 

education system, highlighting the priority of fostering inter-

disciplinarity in engineering teaching and the need to create 
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lifelong learning that enhances workforce creativeness and tal-

ent building. 

In summary, from the analysis of the publication's content, 

there are many significant challenges related to human orien-

tation, the part of humans in smart factories, and the formation 

of a safe working environment in Industry 5.0. In-depth re-

search is needed to establish an successful work division and 

interaction between people and intelligent machines. Determi-

nation of models for the use, mutual inspiration and develop-

ment of unique human and machine intelligence advantages. 

Especially in the development of human-machine hybrid in-

telligence. An exciting challenge is to address security, pri-

vacy, mental health and work ethics issues in the new environ-

ment imbued with artificial intelligence. The development of 

artificial intelligence and the use of cognitive technologies in 

human-machine cooperation is one of the most apparent trends 

likely to develop soon because human-machine cooperation 

requires human intelligence and perception. In continuation of 

further research, it would be worthwhile to broaden the re-

search to include issues related to: sociology of technology, 

management or psychology seems. 
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