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Purpose: The purpose of this article is to identify and assess the key digital AND technical 8 

competencies necessary for effective supply chain management in the realities of Industry 5.0. 9 

under conditions of accelerated digitization. 10 

Research methodology: the study was conducted using a diagnostic survey method, based on 11 

a CAWI questionnaire addressed to a purposively selected group of 34 senior managers - 12 

directors of logistics, purchasing and owners of companies operating in Poland and abroad. 13 

Competencies were assessed using a three-point Likert scale. 14 

Results: The most frequently indicated competency was the ability to solve problems in  15 

a digital environment, considered a basic requirement for effective leadership. This included 16 

analytical, interpersonal and strategic skills. The importance of complex thinking, projective 17 

planning, general technological knowledge, and data and information analysis was particularly 18 

strongly emphasized. Both Polish and foreign market managers emphasized the need to develop 19 

competencies that allow them to operate efficiently in a complex and rapidly changing 20 

environment.  21 

Research limitations/implications: The limitation of the study remains the small, purposefully 22 

selected sample of respondents, which limits the possibility of fully generalizing the results. 23 

However, the results obtained can serve as a starting point for further quantitative and 24 

qualitative research, taking into account industry and cultural differences. 25 

Practical implications: The results of the survey can support HR departments and managers 26 

responsible for talent development in planning training programs to improve the skills of 27 

managers. Particular attention should be paid to developing digital skills linked to supply chain 28 

management in an integrated technology environment. 29 

Social implications: The study emphasizes that the development of digital competencies must 30 

go hand in hand with social skills, supporting the human-centric nature of Industry 5.0.  31 

This approach can foster a sustainable work environment. 32 

Originality/value: The article brings a new perspective to the issue of managerial 33 

competencies, highlighting their digital dimension in supply chain management in the medical 34 

equipment industry. It provides a valuable contribution to academia, business practitioners and 35 

HR departments. 36 
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1. Introduction  1 

Supply chains are facing increasing complexity, are increasingly global in scope and are 2 

increasingly vulnerable to disruption. In this context, the skills to efficiently use digital 3 

technologies and tools that support decision-making and operational and strategic management 4 

to a high degree are becoming increasingly important The purpose of this paper is to identify 5 

and assess the digital competencies necessary to gain a competitive advantage in supply chain 6 

management in today's reality of rapidly changing conditions in the global economy. 7 

Industry 5.0, dubbed the next industrial revolution, is a paradigm that places the interaction 8 

of humans and technology at the center. What was at the heart of Industry 4.0, i.e. automation 9 

and increased operational efficiency, is giving way to three new assumptions: technologies are 10 

to support employees and thus streamline processes and increase productivity, (human at the 11 

center), all activities are to foster environmental protection and technologies are to increase the 12 

positive impact on society (sustainability and social responsibility), and building production 13 

stability and security by designing processes and systems that are resistant to disruptions such 14 

as pandemics, conflicts. In this context, digital competencies become the foundation for 15 

realizing the potential of modern technologies. The topics raised, and especially the research 16 

conducted, fill the research gap on the role of digital and technical competencies  17 

in Industry 5.0. To date, no research has been conducted on the importance of digital and 18 

technical competencies in the context of Industry 5.0. Therefore, it is reasonable to ask, what is 19 

the importance of the identified technical and digital competencies in the era of digitization, 20 

supporting the human-centered approach in Industry 5.0? The structure of the article meets the 21 

need to justify the research gap. Digital competencies in supply chains were characterized, 22 

along with a relevant literature review of the Industry 5.0 era. This was followed by a literature 23 

review based on the identified research gap and a proposal of its own set of competencies for 24 

Industry 5.0. The next step was to present the characteristics of the research and the industry in 25 

which it was conducted, and to identify the importance of the selected medical equipment 26 

industry. The article concludes with a discussion and conclusions and recommendations that 27 

clearly indicate the importance of digital and technical competencies in Industry 5.0. 28 

2. Literature review  29 

Supply chain management needs not only digitization-related tools, but also new skills 30 

dictated by the economy's transformation to Industry 5.0. While Industry 5.0 offers a promising 31 

framework for human-centered, sustainable and resilient supply chains, its full potential has yet 32 

to be realized. As organizations seek to implement advanced technologies, they must also 33 
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address the challenges of workforce adaptation and the ethical implications of digital 1 

industrialization. They must incorporate social considerations into their operational strategies 2 

by ensuring a balance between technological advances and human-centered practices (Gladysz 3 

et al., 2023; Shi et al., 2023) . The emergence of new responsibilities, tasks, as well as roles, 4 

e.g., working with robots, equipment, algorithms, so that employees effectively interact with 5 

new technologies requires time and preparation. Digital competencies in particular can have  6 

a significant impact on supply chain optimization and efficiency, transparency and resilience. 7 

Although the concept of Industry 5.0 focuses primarily on the high-tech manufacturing 8 

environment, management competence in this aspect seems equally significant. 9 

2.1. Digital transformation of the supply chain in the context of Industry 5.0 10 

At the center of the dynamic changes associated with digitization is a human-centered 11 

approach, where technology does not replace humans, but enhances their capabilities and 12 

supports their potential and intelligence (Chidozie et al., 2024). A separate issue is the 13 

consideration of the most important factor in this transformation, i.e. people, employees at 14 

various levels and their approach to transformation and digitization in organizations (Tabrizi  15 

et al., 2019) 16 

Digitization is the technological basis for change in organizations. Digital transformation in 17 

a broad sense has many definitions and figures reporting on various aspects of human activity, 18 

not necessarily related to industry and business (Kraus et al., 2021). Digital transformation is 19 

not limited to changing information into a digital format. In a sense, it can be defined as  20 

a fundamental rethinking of how organizations operate and deliver value using digital 21 

technologies and data-driven strategies (Kraus et al., 2021). Digital transformation in supply 22 

chains, on the other hand, can be linked to fundamental change that significantly alters business 23 

processes, structures and organizational culture between supply network partners as well. 24 

Innovative technologies serve as building blocks for transformation and supply chain 25 

management practices to achieve sustainability and resilience in the face of changing challenges 26 

and disruptions (Agrawal et al., 2024). 27 

The term Industry 5.0 can be seen as an umbrella term for the modern use of intelligent 28 

automation, data exchange and processing and manufacturing technologies, although the 29 

phenomenon is developing in parallel with the Industry 4.0 paradigm (Gladysz et al., 2023). 30 

Key digital tools relevant to supply chain digitization include (Chidozie et al., 2024; Madsen et 31 

al., 2023; Shi et al., 2023; Zouari et al., 2021): 32 

 Internet of Things (IoT): IoT devices, embedded with sensors and connectivity, enable 33 

the collection of real-time data throughout the supply chain; this includes, for example, 34 

inventory levels or conditions during transportation.  35 

  36 
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 Big Data Analytics: big data analytics tools enable real-time processing of information 1 

to predict, for example, fluctuations in demand, supply shortages, advanced analytics 2 

allows to predict disruptions in the supply chain in time and respond to them more 3 

effectively, monitor inventory or track shipments. 4 

 Blockchain technology: blockchain involves recording transactions throughout the 5 

supply chain, increases transparency, security, providing a verifiable history of products 6 

and processes. 7 

 Artificial Intelligence (AI) and Machine Learning (ML): artificial intelligence (AI) and 8 

ML algorithms enable automation of repetitive tasks, optimization of complex 9 

processes. Technology improves demand forecasting or route optimization.  10 

 Cloud computing: Cloud computing is "a model for enabling ubiquitous, convenient on-11 

demand network access to a shared pool of configurable computing resources that can 12 

be quickly shared and released". 13 

 Digitization facilitates faster order processing, precise delivery tracking and 14 

personalized interactions with customers. This leads to greater customer satisfaction and 15 

loyalty by meeting customer expectations for speed and transparency. 16 

Digitization of the supply chain is emerging in an era where real-time communication and 17 

coordination is taking place (Zouari et al., 2021) . 18 

Using advanced technologies, companies can analyze massive amounts of data to predict 19 

customer preferences, optimize delivery routes in real time and personalize interactions with 20 

customers. For example, artificial intelligence-based algorithms can adapt to changing demand 21 

patterns, ensuring efficient allocation of resources during peak hours (Gladysz et al., 2023). 22 

Industry 5.0 is characterized by digital transformation and digital integration with  23 

an emphasis on technologies redesigned for human-centeredness, connectivity, sustainability 24 

and resilience (Durugbo, 2025). 25 

The 5.0 paradigm places a strong emphasis on environmental and social sustainability.  26 

For supply chains, this translates into operational processes that minimize environmental 27 

impact, promote ethical sourcing and contribute to social well-being (Agrawal et al., 2024). 28 

Three pillars on which Industry 5.0 is based (Breque et al., 2021; Coelho et al., 2023): 29 

 Human-machine collaboration and human-centricity, which can lead to more efficient 30 

processes, enhanced collaboration and improved decision-making. 31 

 Sustainability and social benefits, where Industry 5 0 can contribute to the development 32 

of environmentally friendly practices, the social impact of technological advances. 33 

 Resilience, which many legacy manufacturing processes have lacked and making them 34 

resilient to any disruption (such as pandemic or conflict) is one of the pillars  35 

of Industry 5.0. 36 

  37 
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The most studied issue related to Industry 5.0 in a systematic review of the literature has 1 

recognized technologies such as artificial intelligence, big data, the Internet of Things, 2 

blockchain and cyber-physical systems (Madsen et al., 2023). Technologies such as are also 3 

mentioned (Chidozie et al., 2024; Shi et al., 2023). 4 

Cobots, robots that collaborate with humans to help with tasks that require precision, 5 

improving productivity and safety in warehouses and manufacturing plants. 6 

Digital Twins: digital twins, or virtual replicas of physical assets, processes and supply 7 

chains, are tasked with real-time monitoring, simulation and optimization.  8 

Augmented (AR) and Virtual Reality (VR): These technologies are bringing significant 9 

changes to training and supply chain logistics. AR allows employees to access additional, 10 

contextual information, while VR allows for realistic training simulations. 11 

AI-based decision support systems: The development of AI is leading to increasingly 12 

sophisticated analytical tools that, by leveraging massive data sets, support accurate decision-13 

making and facilitate the management of complex processes in supply networks. 14 

Research on Industry 5.0 highlights the growing importance of automation and robotics 15 

emphasizing the human-robot relationship (Coelho et al., 2023; Demir et al., 2019; Pizoń, Gola, 16 

2023). A cyber-physical system today can take the form of autonomous production using human 17 

intelligence (Nahavandi, 2019). With the importance of cyber-physical systems knowledge and 18 

supervision in addition to supporting human-machine interaction (Grabowska et al., 2022). 19 

These technologies significantly affect supply chain processes and operations. 20 

The literature emphasizes that in the next industrial revolution, the most important change 21 

is the shift in focus from technology-based progress (IoT, AI, digital twins, robotics, augmented 22 

reality, etc.) to worker-based progress. It is the industry to adapt to human needs, not humans 23 

to adapt to ever-evolving technology (Xu et al., 2021; Gladysz et al., 2023). 24 

EC documents talking about the transformation of the European economy towards  25 

Industry 5.0. primarily emphasize the importance of human capital. Technology is there to serve 26 

people (Breque et al., 2021; European Commission et al., 2021). 27 

To deepen our understanding of the changing landscape in the context of digital 28 

transformation and the ongoing transformation of the economy towards Industry 5.0,  29 

it is necessary to highlight the key digital and technical competencies needed to manage supply 30 

chains.  31 

2.2. Digital competencies in supply chains in the reality of economy 5.0 32 

The main obstacle to the digital transformation is the lack of an adequately prepared 33 

workforce, with an increase in the number of workers who are unskilled or have competencies 34 

that are not suited to the requirements of the modern economy. The world, which is gradually 35 

overcoming the problem of illiteracy, is now facing the challenge of more intensive education 36 

and the need for re-education (Wincewicz-Bosy, Lupicka, Stawiarska, 2017). An analysis of 37 

past studies by researchers and practitioners indicates a certain lack in the demands related to 38 



408 A. Łupicka-Fietz, A.M. Jeszka 

digital and technical competencies related to humanocentricity, sustainability, and the resilience 1 

of businesses and supply chains to changing economic conditions. The shift away from the key 2 

tenets of Industry 4.0 in favor of digitization processes is increasingly apparent. As a result of 3 

a review of available scientific publications, reports and book studies, a new, more precise 4 

catalog of digital competencies corresponding to the challenges of the Industry 5.0 era is 5 

emerging. The modern manager, in order to meet the demands of building organizational 6 

resilience, should flexibly develop and adapt the skills he or she possesses. This means applying 7 

different sets of competencies depending on the context and specifics of the situation (Łupicka-8 

Fietz, Jeszka, 2024). 9 

Based on a review of the literature (European Commission et al., 2021; McLaren, 2021; 10 

Audrey, Paksi, 2021; Dwivedi et al., 2023; Song et al., 2021; Knut, Balaji, 2013; Gartner, 2023; 11 

APICS, 2014; Hoffman et al., 2005; Relich, 2015; Joerres, McAuliffe, 2016; Winter, Heindl, 12 

2016; Davis et al., 2011; Bauer et al., 2015; Störmer et al., 2014; Pompa, 2015) identified the 13 

16 most commonly identified digital and technical competencies relating to the operation of 14 

supply chains in the reality of Economy 5.0. 15 

General digital skills 16 

Basic digital skills and knowledge of software are essential for operating in the digital 17 

economy. General IT skills can be defined as the ability to use information and communication 18 

technologies and move freely in a digitized environment. General IT skills can include 19 

operating computer hardware, which involves running, configuring and basic maintenance of 20 

devices such as a computer, laptop or smartphone, using operating systems, including Windows 21 

and Linux, as well as managing files and folders (Majewski, 2018).We can also include creating 22 

and editing text documents, spreadsheets and multimedia presentations, as well as searching for 23 

information, assessing the reliability of sources, using email, video conferencing and instant 24 

messaging (Szeliga, 2020). 25 

Of course, digital security is not insignificant, consisting of knowing how to protect data, 26 

using passwords and recognizing phishing or malware threats (Castells, 2010; Szeliga, 2020). 27 

When discussing basic digital skills, it is worth noting the ability to solve simple technical 28 

problems, such as restoring an Internet connection or changing device settings (European Union 29 

Agency for Cybersecurity [ENISA], 2021). 30 

General IT skills are a "must have" for any adult. They are compared to the ability to write 31 

or read - they are essential competencies for both work and everyday life. General IT skills are 32 

basic abilities related to the use of information and communication technologies (ICT), 33 

including both the operation of computer hardware and the use of popular office applications, 34 

web browsers and basic communication tools. These competencies enable the user to function 35 

efficiently in the digital environment, and provide a foundation for developing more advanced 36 

digital skills. 37 

 38 
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Managing knowledge regarding the use and harm of digital technologies to the 1 

environment 2 

Organizations are committed to operating in a sustainable manner. Knowledge of digital 3 

technology use and harm is the same as corporate social responsibility. Competencies include 4 

recognizing the negative impacts of technologies (e.g., CO₂  emissions, e-waste, energy 5 

intensity of data centers) and positive uses (environmental monitoring, closed-loop economy) 6 

(Malmodin, Lundén, 2018). Among other relevant issues related to this competency, it is worth 7 

mentioning awareness of the life cycle of digital devices (Forti, Baldé, Kuehr, Bel, 2020) and 8 

promoting digital sustainability by improving communication skills and educating employees 9 

and communities about the green aspects of technology (European Commission, 2022). Having 10 

this competency means being able to make environmentally friendly digital decisions, 11 

implement measures to reduce energy consumption, streamline business processes with 12 

minimal environmental impact, and foster a culture of environmental responsibility. 13 

Data and information processing and analytics 14 

Data science and analytics are among the most sought-after and rapidly growing disciplines. 15 

However, because the field crosses the boundaries of many disciplines and its skills are still 16 

evolving, it is often difficult to define its specific set of skills and competencies.  17 

This competency consists of the ability to acquire, collect, process, analyze and interpret data 18 

and information in order to make informed decisions and add value in various areas of activity. 19 

It includes both technical skills (analytical tools and methods) and a critical approach to data 20 

quality and reliability. This competency can include data acquisition and organization as the 21 

ability to search, select and collect data from various sources (internal and external), including 22 

big data (big data) (Kitchin, 2014). In addition, it is worth mentioning data processing, analysis, 23 

interpretation and visualization, presenting the results in a clear and useful way, using data 24 

visualization tools (e.g., dashboards, infographics) (Few, 2012; James et al., 2021).  25 

The practical application of this competency is evident in the use of data analytics to optimize 26 

processes, support business, scientific or administrative decisions (Davenport, Harris, 2007). 27 

Possession of this competency enables effective use of data for decision-making, enhancing 28 

innovation and competitiveness, identifying trends, and supporting transparency of evidence-29 

based activities. 30 

General knowledge of technologies 31 

General knowledge of technologies refers to a basic understanding and knowledge of 32 

technologies used in the modern world, both in daily life and in professional activities.  33 

It includes awareness of the operation, capabilities and limitations of various technological 34 

solutions, as well as their impact on society, the economy and the environment. The scope of 35 

competence includes knowledge of the general mechanisms of digital, communication, 36 

production, transportation and energy technologies (Volti, 2017), awareness of their 37 

applications in various sectors, such as medicine, education, industry or administration (Volti, 38 

2017), orientation to the development trends of modern technologies, such as artificial 39 
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intelligence, the Internet of Things, biotechnology and robotics, among others (Schwab, 2016), 1 

the ability to critically analyze the benefits and risks of technology, including ethical and 2 

environmental aspects (Mitcham, 1994), as well as an understanding of their impact on the labor 3 

market, communications, lifestyles and social relations (Castells, 2010). 4 

General knowledge about organizations 5 

General knowledge of organizations involves understanding the fundamental principles of 6 

organizations, including their goals, formal and informal structures, and management processes 7 

(Scott, 2015). It includes the ability to analyze key areas of operation, such as human resource 8 

management, financial management and operational processes, as well as an orientation to 9 

various types of organizations, whether commercial, public or non-profit (Daft, 2021; 10 

Mintzberg, 1993). This competency also includes knowledge of decision-making processes and 11 

information flow within the organization, awareness of the impact of the market, social, legal 12 

and technological environment on organizational operations, and the basic principles of 13 

adapting organizations to change and implementing innovations (Burnes, 2017; Hatch, 2018; 14 

Robbins, Judge, 2019). 15 

Specialized and up-to-date knowledge of technologies and organizations 16 

The competence of specialized and up-to-date knowledge of technologies and organizations 17 

consists of an in-depth knowledge of modern technological solutions and contemporary 18 

organizational structures and processes, enabling an understanding of development trends, 19 

assessment of the effects of innovations and their impact on organizational performance and 20 

the environment (Arthur, 2009; Daft, 2021; Schwab, 2016; Scott, 2015). It includes advanced 21 

technological knowledge of digital, information, production, energy and communication 22 

systems, including their capabilities, limitations and integration into organizational processes 23 

(Arthur, 2009; Schwab, 2016), as well as up-to-date knowledge of organizations, including 24 

contemporary structures, management models, decision-making processes, communication, 25 

and adaptation to change and the impact of the external environment (Daft, 2021; Scott, 2015). 26 

This competency also includes awareness of the direction of technology and management 27 

methods, and knowledge of potential benefits and risks, including ethical, environmental and 28 

social aspects (Burnes, 2017; Mitcham, 1994). 29 

Statistical skills 30 

Statistical skills are an important component of modern workforce competencies, as they 31 

refer to the ability to collect, compile, analyze, interpret and present data in such a way as to 32 

enable reliable conclusions and fact-based decision-making. They are defined in various ways 33 

in the literature. Moore, McCabe and Craig (2017) define statistics as the field that deals with 34 

the collection, analysis and interpretation of data, emphasizing that statistical competence boils 35 

down to the use of its methods in the decision-making process. Rumsey (2016) points out that 36 

they mean the ability to understand data and its variability, interpret results, and evaluate the 37 

quality of analyses. The American Statistical Association (2016) emphasizes the importance of 38 

so-called statistical literacy, understood as the ability to critically perceive statistical 39 
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information and put it to practical use in both professional work and everyday life. Utts (2003), 1 

on the other hand, emphasizes that statistical literacy includes the ability to analyze data under 2 

conditions of uncertainty and to draw conclusions using quantitative methods. 3 

Ability to interact with modern interfaces 4 

The ability to interact with modern interfaces is a competence that denotes the ability to 5 

effectively and consciously use various forms of human-computer communication. It refers to 6 

both classic graphical interfaces (GUIs) and newer developments such as touch screens, voice 7 

recognition systems, gesture-based interfaces, as well as augmented and virtual reality (AR/VR) 8 

technologies or conversational interfaces such as chatbots and voice assistants. An important 9 

component of this competence is the ability to adapt to new forms of interaction, to critically 10 

evaluate their functionality and to be able to use them in everyday life and work, especially in 11 

environments that require the use of advanced IT systems or tools to support business processes. 12 

There are a number of definitions in the literature that converge. Norman (2013) emphasizes 13 

that modern user interfaces should be viewed as tools that support human activities through 14 

intuitiveness, simplicity and the ability to minimize cognitive load. Hassenzahl and Tractinsky 15 

(2006) emphasize that an important aspect of this competence is the user's ability to experience 16 

the interface as useful, friendly and aesthetically pleasing, which influences the satisfaction and 17 

effectiveness of the interaction. On the other hand, Dix, Finlay, Abowd and Beale (2004) point 18 

out that interacting with interfaces involves mastering input/output techniques, understanding 19 

interaction models, and adapting to a variety of human-system communication modes. 20 

Complex thinking 21 

Complex thinking is the ability to translate vast amounts of data into abstract concepts that 22 

allow one to see and understand the nature and significance of change. It involves analyzing 23 

and solving problems of high complexity, ambiguity and variability. It involves identifying 24 

connections between multiple elements of a system, studying their interrelationships,  25 

and predicting the effects of decisions over the long term. This ability requires not only critical 26 

reflection and analytical thinking, but also creativity, flexibility and the ability to integrate 27 

information from different areas. The OECD (2018) defines complex thinking as the ability to 28 

solve problems in a dynamically changing environment that is characterized by 29 

multidimensionality and uncertainty Senge (2006) points out that complex thinking is closely 30 

related to systems thinking, which means the ability to grasp the whole by understanding the 31 

relationships and feedbacks between system elements. Csapó and Funke (2017), on the other 32 

hand, emphasize that it encompasses the ability to deal with problems that require 33 

understanding and controlling dynamic systems and anticipating the consequences of actions 34 

in the long term. 35 

Cognitive load management 36 

Cognitive load management is the ability to consciously direct and regulate one's mental 37 

resources in such a way as to effectively receive, process and use information in the process of 38 

learning, working or making decisions. It includes matching task complexity to cognitive 39 
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capacity, reducing distractions and optimally using working memory. Paas and Van 1 

Merriënboer (1994) emphasize the role of metacognitive strategies that enable control over the 2 

thinking process and better management of cognitive resources. Kirschner, Ayres and Chandler 3 

(2011) add that cognitive load management is particularly important in education and 4 

environments where rapid decision-making is required, and supports the development of digital 5 

skills. 6 

Knowledge of various business and operational processes 7 

This knowledge refers to the ability to recognize, understand and interpret the principles by 8 

which a business operates. It includes an awareness of core business areas - such as planning, 9 

production, logistics, marketing or finance - and recognizing their interrelationships and impact 10 

on organizational effectiveness (Hammer, Champy, 1993). Davenport (1993) stresses that it 11 

helps identify the stages of operational activities and identify ways to improve them.  12 

Porter (1985) points to its importance for competitive advantage, and Hammer (2010) and 13 

Davenport and Short (1990) link it to modern management methods such as business process 14 

reengineering. 15 

Projective thinking 16 

Projective thinking is the ability to anticipate potential events and possible developments, 17 

as well as to plan activities in a forward-looking perspective. Voros (2003) describes it as the 18 

process of foresight, which involves analyzing trends and creating scenarios. Miller (2007) 19 

emphasizes the role of data interpretation skills and imagination in creating alternative visions 20 

of the future. Sardar (2010) emphasizes that projective thinking plays an important role in 21 

adapting to uncertainty, and Slaughter (1995) sees it as a principle that shapes cultural 22 

resilience. Candy and Dunagan (2017) point to the importance of projective thinking in 23 

designing scenarios and preparing for future challenges. 24 

Knowledge of new media 25 

New media literacy refers to the ability to critically evaluate and use modern 26 

communication tools, such as social media, streaming platforms, websites and mobile 27 

applications (Jenkins, 2006). Livingstone (2009) emphasizes that it also includes understanding 28 

the impact of media on culture and social life. Castells (2009) emphasizes the multidirectional 29 

nature of communication in the digital environment. Buckingham (2003) points out that new 30 

media literacy involves building an informed online presence, recognizing risks and actively 31 

participating in digital culture. 32 

Specialized digital skills 33 

This competency includes advanced knowledge and practical skills in developing, 34 

implementing and maintaining information systems. Pressman (2014) describes it in the context 35 

of software engineering. Stallings (2017) emphasizes the importance of IT security, and Laudon 36 

and Laudon (2020) point to their role in information management. Sommerville (2016) adds 37 

that they also require knowledge of design methods such as Agile and DevOps. 38 

 39 
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Basic risk management knowledge 1 

Basic risk management knowledge means understanding the principles of identifying, 2 

analyzing, assessing and evaluating, as well as controlling and monitoring risks to  3 

an organization. Risk management uses methods such as HAZOP, BowTie analysis or FMEA, 4 

among others. 5 

Basic knowledge of business continuity management 6 

This competency refers to knowing how to plan and implement processes that allow  7 

an organization to function despite disruptions. Herbane (2010) points to the need for a crisis 8 

approach, ISO (2019) sets standards in this area, and Bhamra, Dani and Burnard (2011) 9 

emphasize the importance of resilience and the ability to recover. The essence of business 10 

continuity management is the creation of contingency and so-called "Recovery" plans that will 11 

allow the organization to return to normal operations in a short period of time. 12 

3. Research methodology 13 

To carry out the research, the authors used a survey method, directing a questionnaire to  14 

a purposively selected group of respondents. The research sample included senior managers 15 

responsible for logistics and supply chains in manufacturing companies (including directors of 16 

logistics and purchasing departments), as well as owners and CEOs of companies in the medical 17 

device sector. The selection of participants, although it limited the sample size and did not allow 18 

it to be representative, ensured a high level of substantive responses due to their knowledge, 19 

professional experience and international perspective on team management. 20 

A total of 34 responses were obtained, including 20 from Poland and 13 from foreign 21 

markets. Only top executives were qualified to participate in the survey, and the sample size 22 

was due to organizational constraints. The questionnaire was preceded by direct e-mail or 23 

telephone contact with potential respondents, during which the purpose of the survey,  24 

the manner in which it was to be conducted and the importance of the issue under study were 25 

presented. At the same time, detailed substantive and technical guidance was provided to 26 

participants. 27 

The questions in the questionnaire were developed on the basis of a review of the literature 28 

on the subject and the results of pilot studies conducted in 2017 and 2018 (Lupicka, 29 

Grzybowska, 2017, 2018), which made it possible to verify the existing set of competencies 30 

and expand it to include the new digital and technical competencies currently required. Based 31 

on them, the existing survey tools were modified, expanding them to include issues of digital 32 

competencies in the context of Industry 5.0. The survey covered companies located in Europe, 33 

North America and East Asia, operating in the medical device manufacturing sector. 34 
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The survey was conducted in June 2023. The questionnaire was prepared electronically and 1 

distributed via email. The method used was CAWI (Computer-Assisted Web Interview), which 2 

allows respondents to complete the questionnaire themselves in an online form. Respondents 3 

were guaranteed full anonymity. The survey tool was based on a three-stage Likert scale, where 4 

1 meant the lack of relevance of a given competence, 2 - no clear opinion, and 3 - relevance of 5 

the competence. The choice of a three-level scale allowed not only to assess the importance of 6 

the studied characteristics, but also to capture neutrality in the responses. 7 

The research process was carried out in accordance with the ethical principles set forth in 8 

the Code of Ethics for Research Employees (Committee on Ethics in Science, 2020) and with 9 

the applicable data protection regulations (RODO). 10 

4. Industry characteristics 11 

The medical device industry is a key component of the global health care system, covering 12 

a wide range of products used in the diagnosis, therapy, monitoring and prevention of disease. 13 

According to the World Health Organization (WHO), there are about 2 million different types 14 

of devices on the market, categorized into more than 7,000 general groups - from simple tools 15 

such as bandages or syringes to high-tech devices including pacemakers and MRI machines 16 

(WHO, 2023).  17 

The data states that the medical device market reached $542.21 billion in 2024, and could 18 

grow to $886.68 billion by 2032 (Fortune Business Insights, 2024). The sector's growth is 19 

determined primarily by demographic and epidemiological factors, such as aging populations, 20 

population growth, and the increasing number of lifestyle diseases, including diabetes, obesity, 21 

cardiovascular disease and cancer. Currently, there are more than 400 million people with 22 

diabetes worldwide, and this number could increase by half in the next few years,  23 

with an estimated 200 million diabetics in China and India alone (PARP, 2021). 24 

Demographic factors play a special role in shaping the future of the market. In the near 25 

future, senior citizens will make up about 20% of the European Union's population, and in Japan 26 

up to a third of the population. The global population is also projected to increase by about  27 

a billion by 2030, reaching 8.6 billion, and nearly 10 billion by mid-century (PARP, 2021).  28 

At the same time, there is a growing demand for technological solutions to compensate for the 29 

limitations of aging and often outdated hospital infrastructure, especially in Europe and the 30 

United States. Implementing modern digital solutions is becoming a key way to improve the 31 

quality, accessibility and cost-effectiveness of health care systems (BCC Research, 2023). 32 
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5. Results 1 

Analyzing the table below, it can be seen that for domestic respondents the most important 2 

digital and technical competencies are data and information processing and analytics,  3 

and complex thinking. In contrast, for foreign respondents, the most important competencies 4 

are cognitive load management and projective thinking. Common to both groups of respondents 5 

is the competency of projective thinking. On the other hand, as for the competencies rated 6 

lowest, there were similar indications in both groups, concerning statistical skills and 7 

knowledge of new media.  8 

Table 1. 9 
Digital and technical competencies in light of the survey 10 

Digital and technical competencies Domestic 

respondents 

Foreign 

respondents 

Mean Standard 

deviation 

Mean Standard 

deviation 

Knowledge management regarding the use and harmfulness of 

digital technologies to the environment 

1,9 5,85 2,5 3,21 

Data and information processing and analytics 3,0 11,54 2,5 5,13 

General knowledge of technologies 2,2 6,50 2,8 5,77 

General knowledge of organizations 2,3 6,50 2,6 5,77 

Specialized and up-to-date knowledge of technologies and 

organizations 

2,1 2,51 2,6 4,93 

Statistical skills 2,1 2,51 2,2 4,04 

Ability to interact with modern interfaces 2,1 5,13 2,5 4,16 

Complex thinking 2,9 10,69 2,9 6,65 

Management of cognitive load 2,4 7,02 2,9 6,65 

Knowledge of various business and operational processes in the 

organization 

2,7 9,07 2,5 4,04 

Projective thinking 2,5 6,65 2,9 6,65 

Knowledge of new media 1,9 4,16 2,0 1,15 

Specialized IT skills 1,6 4,61 2,3 2,30 

Basic knowledge of risk management disruptions 2,7 9,07 2,5 4,16 

Basic knowledge of business continuity management operations 2,6 8,32 2,7 5,85 

General computer skills 2,5 6,65 2,5 4,16 

Source: own elaboration based on surveys. 11 

Slight differences are also apparent in the case of the competence of knowledge 12 

management regarding the use and harm of digital technologies to the environment.  13 

Here, domestic respondents showed that this is not a significant competence, while for foreign 14 

respondents it is already more important. The same is true of the competence concerning 15 

general knowledge of technologies. Foreign respondents considered this skill to be quite 16 

significant, while domestic respondents did not report a high degree of importance for this 17 

competence.  18 

Similar indications of the average degree of importance of the competencies in question for 19 

both groups were for basic knowledge of disruption risk management or basic knowledge of 20 

business continuity management. Summarizing the table, it can be noted that domestic 21 

respondents generally rated most competencies lower compared to foreign respondents. 22 
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 1 

Figure 1. Digital competencies in the era of Industry 5.0. 2 

Source: own elaboration based on the survey. 3 

Analysis of the standard deviation results reveals mostly small differences in the distribution 4 

of responses between the Polish and foreign markets. The standard deviation (SD) determines 5 

the degree of dispersion of values in a data set, usually in relation to the mean of that group 6 

(Foltynowicz, Lupicka, Jeszka, 2024). In simple terms, the standard deviation indicates how 7 

much the values of a given quantity spread around the mean. The smaller the value of the 8 

deviation, the more the observations cluster around the mean. In the case of the "data and 9 

information processing and analysis" competence, a significant difference in the standard 10 

deviation becomes apparent - domestic respondents were more decisive in marking the same 11 

answer than foreign respondents. The situation is similar for the "complex thinking" 12 

competence. Despite the same mean, the standard deviation is incomparable. It can be seen that 13 

domestic respondents were also in this case more determined to mark the same answer than 14 

their foreign counterparts. 15 

6. Discussion 16 

Public reluctance towards artificial intelligence, including the use of IT expertise, stems 17 

from fears of new solutions to streamline processes and, above all, the feeling that these 18 

technologies limit traditional human work (Wincewicz-Bosy, Lupicka, Stawiarska, 2017). 19 

CEOs - the authors and implementers of these technologies - indicate that the development of 20 

AI-based systems and machines is unlimited. They intend to further improve functionalities, 21 
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introduce new analytical tools, especially in machine learning and advanced event processing. 1 

A variety of data will be used for this purpose, both from networks, supply chains and from 2 

individual actors involved in business processes. 3 

Both customers implementing AI and those who are just considering its implementation,  4 

as well as their employees, the scientific and business communities - despite appreciating the 5 

benefits of artificial intelligence - express concerns about its risks, as strongly revealed by the 6 

results of surveys conducted, especially among domestic respondents. The indicated barriers 7 

and recommendations for its development were assigned to political-legal, economic, 8 

technological and socio-cultural categories (Wincewicz-Bosy, Lupicka, Stawiarska, 2017). 9 

Companies that have not yet decided to implement AI are looking for economic arguments.  10 

The difficulty is that it is still unclear how long the proposed solutions will last or how to 11 

accurately estimate the return on investment - especially in the absence of clear data on the 12 

savings generated by self-learning applications. 13 

As a result, a development gap is emerging between companies that lack adequate 14 

information resources and large corporations, where artificial intelligence and digital 15 

competencies are becoming part of key decision-making structures, even at the board level 16 

(Wincewicz-Bosy, Lupicka, Stawiarska, 2017). This approach raises the question of whether 17 

new challenges will arise in the area of supply chain management and logistics, and what digital 18 

and technical competencies will be necessary to make sound decisions about the development 19 

of organizations and supply networks in the context of the transformation of the economy 20 

towards Industry 5.0. 21 

In the reality of Economy 5.0, where the accent is on simultaneous economic, social and 22 

environmental development, as well as on improving technological skills and risk management 23 

competencies, human collaboration - a key capability in management, including in the area of 24 

supply chains - is becoming particularly important again. 25 

Awareness of currently required skills, which should be included in personnel development 26 

policies, creates a need among employees for training, continuing education and upskilling,  27 

i.e. reskilling and upskilling activities. This challenge falls largely on Human Resources 28 

departments. Referring to the results of the survey, it is clear that the awareness of foreign 29 

respondents regarding the role of digital competencies is far greater than that of domestic 30 

respondents. This could be due to a number of reasons. One of them may be the higher level of 31 

development of foreign companies compared to Polish ones. 32 

Referring to the DESI (2022) report, one can see the difference in the level of digitization 33 

of Poland compared to Europe. Our foreign colleagues see the need to integrate man and 34 

machine as an important challenge of managing non-collar workforce teams. Its key problem 35 

is the establishment of dependency vectors in joint (human-robot) decision-making and the 36 

related transparency of these decisions. Another reason is the continued lack of funding for 37 

Polish companies and opportunities to implement innovations. Entrepreneurs in the Polish 38 

market are struggling with problems such as the continuous increase in the minimum wage, 39 
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which results in the profits generated being used for salaries rather than for company 1 

development. 2 

7. Conclusions 3 

Based on the research, it can be concluded that in the face of constant and dynamic 4 

economic and technological changes, and especially in the context of the transformation 5 

towards Industry 5.0, digital and technical competencies are becoming increasingly important. 6 

This includes analytical, interpersonal and strategic skills. Respondents particularly emphasized 7 

the importance of such competencies as complex thinking, projective planning skills, general 8 

technological knowledge and data and information analysis. 9 

Both Polish and foreign survey participants emphasized the need to develop competencies 10 

that enable them to function efficiently in a complex and rapidly evolving work environment. 11 

Differences in responses between groups may have been due to cultural differences or varying 12 

levels of digital maturity of individual organizations. 13 

From the point of view of management practice, the results indicate the need to integrate 14 

the development of digital competencies into organizational strategies, especially in highly 15 

regulated and technologically advanced sectors, such as the medical device industry. They also 16 

underscore the importance of the interaction of technology and human capital, as without this 17 

synergy the implementation of the Industry 5.0 concept will not be possible. 18 

It seems reasonable to conduct further research in this area. It is worth considering cross-19 

industry analysis, in-depth qualitative research on the competencies of the future, as well as 20 

evaluation of the effectiveness of programs to develop digital and technical competencies in the 21 

context of the transformation of supply chains towards Industry 5.0. 22 

The development of modern technologies is associated with the simultaneous emergence of 23 

new opportunities and challenges, especially in the context of its impact on the labor market 24 

and the difficulty of assessing the viability of deployments. Industry 5.0 accentuates the need 25 

to combine digital, technical and social competencies, as well as to systematically develop 26 

employees' skills. The results of the research show clear differences between Poland and 27 

countries with a higher degree of digitization, which is due, among other things, to limited 28 

funding opportunities for innovation and structural conditions of the labor market.  29 

Further implications for in-depth research may include: 30 

1. the impact of digital competencies on the finances of supply chains in Industry 5.0, 31 

2. the development of digital competencies based on informal connections that result in  32 

a willingness to share experience and acquired knowledge, 33 

3. the impact of digital competence development on knowledge conversion in Industry 5.0 34 

supply chains.  35 
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The above considerations and implications for further research will advance the 1 

understanding of the role played by digital competencies in supply chains in the era  2 

of Industry 5.0. 3 
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