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RESKILLING AND UPSKILLING: KEY STRATEGIES 
FOR ENGINEERING COMPETENCE DEVELOPMENT 

IN THE ERA OF INDUSTRY 4.0 AND 5.0 

The purpose of this paper is to identify the key engineering competencies required in the 
context of the transformation brought by Industry 4.0 and 5.0 and to define the role of 
reskilling and upskilling strategies in the professional development of engineers. The 
methodology is based on a content analysis of national and international reports, directly 
addressing the formulated research questions. The findings indicate a significant shift in the 
profile of desirable skills – from traditional technical capabilities to digital, social, ethical, 
and leadership competencies. The main contribution of the paper lies in highlighting the 
synergy between technological transformation and the necessity for continuous competency 
development among engineers. Furthermore, the paper emphasizes reskilling and upskilling 
as strategic adaptation tools that support organizational innovation and flexibility. In 
practical terms, the results may assist employers and educational institutions in better 
designing development pathways for engineering professionals and in making informed 
decisions regarding investments in human capital. 
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1. INTRODUCTION 

The modern economy is undergoing dynamic transformations driven by the 
development of new technologies and organizational concepts that form the foundation of 
Industry 4.0 and Industry 5.0. These processes require employees, particularly engineers, 
to possess not only advanced technical competencies but also adaptive capabilities to cope 
with changing market realities. Resilience, understood as the ability to flexibly adapt to 
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difficult conditions, is becoming a key trait in the context of rapid technological 
development and the growing importance of a knowledge- and innovation-based economy. 

The aim of this publication is to analyze the impact of industrial revolutions in the 
context of the demand for new engineering competencies and to discuss career 
development strategies such as reskilling and upskilling, which enable employees to adapt 
to contemporary labor market challenges. In line with this objective, the research problem 
was narrowed down to the following questions: 

 What engineering competencies are essential in the era of Industry 4.0, Industry 5.0, 
and the economy of the future? 

 What role do reskilling and upskilling play among development strategies for 
engineers in the age of technological transformation? 

Answers to the research questions above were sought through an analysis of secondary 
data based on key findings from reports by international organizations such as the World 
Economic Forum and McKinsey Global Institute, as well as studies conducted among 
Polish enterprises. The analysis included reports covering data from the most recent years, 
which made it possible to ensure the timeliness of the findings in the context of dynamic 
technological changes and evolving labor market conditions. Particular emphasis was 
placed on studies prepared by recognized international organizations and research 
institutions, characterized by high methodological reliability and broad public 
accessibility. These criteria were intended to ensure the reliability, comparability, and 
transparency of the analyzed data. 

2. RESILIENCE AS THE FOUNDATION OF EMPLOYEE ADAPTATION  
    TO THE DYNAMIC TRANSFORMATIONS OF THE LABOR MARKET 

In recent times, the term resilience, referring to the ability or process by which 
individuals adapt to changing conditions, has gained significant popularity. From  
a psychological perspective, “resilience is the process of adapting well in the face of 
adversity, trauma, tragedy, threats, or significant sources of stress – such as family and 
relationship problems, serious health issues, or workplace and financial stressors. It means 
‘bouncing back’ from difficult experiences” (American Psychological Association, 2018). 

According to the APA Dictionary of Psychology, resilience is defined as “the process 
and outcome of successfully adapting to difficult or challenging life experiences, especially 
through mental, emotional, and behavioral flexibility and adjustment to external and 
internal demands” (APA Dictionary of Psychology, 2018). Among the key factors 
influencing an individual’s capacity to cope with adversity, the same source highlights “the 
way individuals view and engage with the world, the availability and quality of social 
resources, and specific coping strategies” (APA Dictionary of Psychology, 2018). 

The concept of resilience takes on particular importance in the context of organizational 
personnel amidst dynamic technological and market transformations. According to The 
Future of Jobs Report 2023, published by the World Economic Forum in May 2023 (World 
Economic Forum, 2023), over the next five years, employees – including engineers – will 
require additional training to develop attitudes and skills in areas such as cognition, 
management, technology, teamwork, self-efficacy, and work engagement. This is not 
surprising, as this need was already noted in an earlier edition of the report (The Future of 
Jobs Report 2020), which stated that by 2025, 50% of employees worldwide would require 
reskilling (World Economic Forum, 2020). 



Reskilling and upskilling… 71 

In line with this data, an optimistic outlook is offered by the report Digital Career 
Evolution: Technology at Work Through the Eyes of Poles, which reveals, among other 
findings, that 72% of respondents are aware that technological development will 
necessitate more frequent acquisition of new skills. At the same time, they expect support 
from employers in acquiring technological competencies (Cyfrowa ewolucja kariery…, 
2024). Within Polish society, there is a visible readiness to enhance professional 
competencies, as evidenced by the fact that 62% of respondents would be willing to apply 
for a job if the employer offered access to online training and courses (Cyfrowa ewolucja 
kariery…, 2024). 

In response to these trends, companies are implementing various training strategies, 
primarily focused on developing analytical and creative thinking skills. Areas of focus also 
include the use of artificial intelligence, working with large datasets, leadership 
development, social influence, resilience, flexibility, curiosity, and lifelong learning. 

3. ENGINEERING COMPETENCIES IN INDUSTRY 4.0 AND 5.0 

Current labor market trends are compelling employers to develop career paths for 
engineers that align with the emerging needs of Industry 4.0 and Industry 5.0. The former 
represents a comprehensive term for technological innovations and organizational concepts 
in the value chain that are revolutionizing industrial production (Engineers of Industry 4.0: 
(Un)ready for Change?, 2017). Industry 5.0, as outlined in the 2021 report by the European 
Commission titled Industry 5.0: Towards a sustainable, human-centric and resilient 
European industry, complements the Industry 4.0 paradigm by emphasizing the importance 
of research and innovation as key drivers for a transition towards a sustainable, human-
centered, and resilient European industry. Industry 5.0 seeks to capture the value of 
emerging technologies while ensuring prosperity that goes beyond job creation and 
economic growth, respecting planetary boundaries and placing worker well-being at the 
heart of the production process (Breque, De Nul, and Petridis, 2021).  

Modern production methods have transformed the demand for engineering 
qualifications, leading to the emergence of new specializations such as: robot operation 
coordinator, simulation engineer/expert, service engineer utilizing digital technologies, 
systems design, IT and data processing specialist, sales engineer in machinery 
manufacturing companies, and specialist in modeling and interpreting production data 
(Engineers of Industry 4.0: (Un)ready for Change?, 2017). 

The key transformations brought about by successive industrial revolutions are 
illustrated in Figure 1. 

The foundation of the fourth industrial revolution, commonly referred to as Industry 
4.0, lies in digital technologies, as presented in Table 1. 
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Figure 1. Industrial revolutions – evolution  

Source: own study based on (Czwarta rewolucja przemysłowa…, 2020; Kolny, Kaczmar- 
-Kolny, Dulina, 2023).  

Table 1. Digital Technologies within the Industry 4.0 Paradigm 

Digital Technologies Characteristics Applications/Possibilities 

Internet of Things 
(IoT) 

Collecting data from various 
sources used to optimize 
manufacturing processes and 
monitor the status of devices and 
machines 

 Connecting any devices to the 
internet  

 Remote access to devices and 
management of them 

Big Data 
Analysis and processing of large 
datasets from various sources 

 Analyzing and processing 
large datasets from various 
sources to identify trends, 
patterns, and detect anomalies 

 Improving product quality by 
identifying and removing 
defects and issues in real-time 

Artificial Intelligence 
(AI) 

Machine learning and deep 
learning focused on analyzing 
and processing large amounts of 
data, identifying trends and 
patterns, and forecasting future 
outcomes 

 Enhancing decision-making 
processes, automating tasks  

 Improving quality and 
efficiency of production 

 
 

1.0

the use of water 
and steam power 

to mechanize 
production

2.0 

mass production through 
the introduction of 

electricity

3.0

the use of electronics 
and information 

technology to automate 
production

4.0 

the fusion of technologies 
blurring the boundaries 

between the physical, digital, 
and biological spheres

5.0

integration of humans and 
machines to achieve higher 
efficiency and innovation
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Table 1 (cont.). Digital Technologies within the Industry 4.0 Paradigm 

Digital Technologies Characteristics Applications/Possibilities 

Robotic Process 
Automation (RPA) 

Automation of repetitive and 
time-consuming tasks using 
software and robots 

 Minimizing human errors and 
reducing manual work 

 Increasing process efficiency 
and reducing time of 
completion 

Cloud Computing 

Storing and processing data on 
remote servers, ensuring 
flexibility and scalability 
according to needs 

 Enabling access to data and 
applications from different 
locations and devices 

Virtual Reality (VR) 
and Augmented 
Reality (AR) 

VR – Creating three-dimensional 
images of objects, spaces, 
events, imitating real and 
fictional objects using IT 
technology;  
 

AR – Simultaneously combining 
the virtual world with the real 
world by overlaying virtual 
objects onto observed real-world 
items in real-time 

 Employee training  
 Designing and simulating 

production processes  
 Measuring and diagnosing 

devices 

Additive 
Manufacturing (AM) 

3D printing 

 Faster and more flexible 
production of parts and tools 

 Production of non-standard, 
customized, and high-quality 
products more efficiently than 
traditional manufacturing 
methods 

Source: own study based on (Kaczmar-Kolny, Pośpiech, 2023; Gajdzik, Grabowska, 2018; 
(Różanowski, 2007; Czyż, Gnat, Kolny, Plinta, 2021; Stokłosa, Kolny, Ziobro, Więcek, 
2021.  

The presented technologies play a key role in the context of the Fourth Industrial 
Revolution. Equally important are the skills that enable individuals to benefit from the 
advantages outlined in the table. People with technical education play a significant role in 
technological transformations. It is worth noting that, contrary to common belief, graduates 
of general secondary schools now make up over 90% of the students at technical 
universities (Raport “Młodzi inżynierowie”, 2022), this can cause difficulties for them in 
assimilating technical knowledge, compared to graduates of technical schools who are 
already familiar with these aspects. On the other hand, there are voices suggesting that “the 
economy, especially the innovative economy, requires engineers who, in addition to 
specialized knowledge and skills, possess a general education that enables them to solve 
engineering problems set within a complex reality” (Kraśniewski, 2017). It is important to 
note the high dynamism of the changes occurring in the economy, which in the future will 
increasingly rely on technological innovations, sustainable development, and the 
integration of artificial intelligence. This will require engineers not only to have advanced 
technical knowledge but also the adaptive capabilities to face rapidly changing challenges. 
Engineers will become key leaders in designing solutions that will shape transformations 
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in industries such as renewable energy, biotechnology, robotics, and digital technologies. 
The areas of the future economy are illustrated in Figure 2. 

 

 
Figure 2. Areas of the Future Economy 

Source: own study based on (Kompetencje inżyniera przyszłości, 2024).  

The work of engineers in the aforementioned areas is primarily related to (Kompetencje 
inżyniera przyszłości, 2024): coordinating and implementing technological changes, 
developing artificial intelligence (AI economy); creating more energy-efficient production 
models (sustainable energy economy); protecting aquatic ecosystems, automating marine 
logistics operations (blue economy); exploring outer space, developing space technologies 
(space economy); utilizing gerontechnology, genetic engineering, developing upskilling 
and reskilling models (longevity economy); taking actions to ensure cybersecurity, 
developing humanitarian technologies (conflict economy). 

To meet the challenges of the future economy, engineers, depending on their 
responsibilities, should possess the competencies presented in Table 2. 

In addition to the various competencies of an engineer presented in Table 3, one can 
also highlight the ability to communicate effectively with diverse individuals (Kraśniewski, 
2017), the ability to be flexible and adapt to multiple functions and work environments, the 
ability to continuously learn and assimilate elements from different disciplines, and the 
ability to work in teams (with other engineers, managers, and individuals outside one's 
profession) (Inżynierowie Przemysłu 4.0 (Nie)gotowi do zmian?, 2017). A modern engineer 
should also be open-minded and capable of collaborating in a multicultural work 
environment. 

Areas of 
the Future 
Economy

AI 
Economy

Sustainable 
Energy 

Economy

Blue 
Economy

Space 
Economy

Longevity 
Economy

Conflict 
Economy
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Table 2. Competencies of the Engineer of the Future 

Areas of Competence Competencies 

Digital competencies 

 surface data insights 
 digital literacy 
 digital collaboration 
 computational thinking  
 developing machine learning models  
 using open-source database systems  
 big data intelligence  
 data collection and analysis 

Social and humanistic competencies 

 inspiring trust  
 generating actionable insights 
 cross-cultural empathy  
 interspecific problem solving 
 fostering inclusiveness 

Management and ethics-related 
competencies 

 psychosocial safety 
 AI ethics 
 proactive cybersecurity management 
 new economics development   
 global engineering ethics 
 global health perspective management 
 talent management 
 climate dimensions literacy 
 uncertainty management 
 cognitive load management 

Project and creative competencies 
 novel and adaptive thinking 
 design mindset 
 system thinking 

Business competencies 
 project management 
 production management 
 quality management 

Leadership competencies 

 Change management 
 Team management 
 Project team management 
 Time management 

Source: own study based on (Kompetencje inżyniera przyszłości, 2024; Hadwiczak, 2021). 

4. RESKILLING AND UPSKILLING – STRATEGIES FOR ENGINEER  
    DEVELOPMENT IN THE ERA OF TECHNOLOGICAL TRANSFORMATION 

The work of an engineer often requires not only a traditional approach, but also creative 
thinking, multitasking, and the ability to manage change and implement innovation. Hence, 
it is increasingly said that today’s “engineer becomes an innovation engineer” (Banaszak, 
2019).  

Currently, various programs are being implemented to help both employees and 
employers adapt to the evolving realities of the engineering labor market. In addition to the 
widely used term “skilling,” other concepts related to acquiring knowledge and skills 
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within organizations have gained popularity in recent years. One such concept is reskilling, 
most commonly understood as retraining (Szwedor, 2023) or transitioning from other 
sectors (Królikowska, 2023). On the other hand, upskilling refers to upgrading one’s 
current qualifications (Szwedor, 2023), requalifying (Jankowski, Kaczurba, Makowska, 
Stępniowska, 2023), or developing and shifting career paths-especially for those with 
limited work experience or seeking a career change. 

The key difference between these two processes lies in their focus:  
 Reskilling is oriented toward complete retraining for a new role when an employee 

needs specialized knowledge and skills required for different responsibilities. 
 Upskilling, in contrast, focuses on enhancing competencies within a current career 

path to perform existing tasks more efficiently.  
These tools are a direct response to today’s managerial challenges, which include 

adapting to a rapidly evolving job market, attracting and retaining talent, and fostering  
a culture of continuous development. 

Table 3 presents a comparison of skills requiring reskilling and upskilling over the past 
decade. 

Table 3. Comparison of Skills Requiring Reskilling and Upskilling from 2015 to 2025 

2015 2020 2015 2020 2025 15/20/25 

Complex 
problem solving 

Complex problem 
solving 

1 1 
Analitical thinking and 
innovation 

-/-/1 

Coordinating 
with others 

Critical thinking 4 2 
Active learning and 
learning strategies 

-/-/2 

People 
management 

Creativity 10 3 
Complex problem-
solving 

1/1/3 

Critical thinking 
People 
management 

3 4 
Critical thinking and 
analysis 

4/2/4 

Negotiation  
Coordinating with 
others 

2 5 
Creativity, originality, 
and initiative 

10/3/5 

Quality control  
Emotional 
inteligence  

6 6 
Leadership and social 
influence 

-/-/6 

Service 
orientation  

Judgement and 
decision making 

8 7 
Technology use, 
monitoring, and control 

-/-/7 

Judgement and 
decision making  

Service orientation 7 8 
Technology design and 
programming 

-/-/8 

Active listening Negotiation 5 9 
Resilence, stress 
tolerance, and 
flexibility 

-/-/9 

Creativity  
Cognitive 
flexibility  

10 10 
Reasoning, problem-
solving 

-/-/10 

Source: (Li, 2024; Gray, 2016; Whiting, 2020).  

The table clearly illustrates that over the past decade, significant changes have occurred 
among the top 10 most important skills. While in 2015 and 2020, desirable skills included 
coordinating with others, people management, active listening, negotiation, and service 
orientation, by 2025 these are expected to be replaced by others, such as analytical thinking 
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and innovation, active learning and learning strategies, leadership and social influence, 
technology use, monitoring, and control, and technology design and programming. 

When analyzing the needs related to reskilling and upskilling, it is important to consider 
the data presented in the report by the McKinsey Global Institute titled The Future of Work 
in Europe: Automation, Workforce Transitions, and the Shifting Geography of 
Employment (McKinsey Global Institute, 2020). This report focuses on long-term trends 
affecting employment across local and regional labor markets in Europe at a time when 
automation is accelerating. According to estimates, around 375 million workers globally 
may require reskilling by 2030, including engineers working in the manufacturing and 
technology sectors. 

The report, referencing earlier analyses from Skill Shift: Automation and the Future of 
the Workforce (McKinsey Global Institute, 2018), forecasts a rising demand for social, 
emotional, and technological skills across all industries in Europe. Meanwhile, The Future 
of Jobs Report 2023 (World Economic Forum, 2023) indicates that 60% of workers, 
including engineers, will require either reskilling or upskilling by 2027. 

5. REFERENCE TO THE RESEARCH PROBLEM 

The analysis of data drawn from reputable industry and institutional reports constitutes 
a vital component of the research process, enabling a substantive reference to the stated 
research questions. These reports provide structured, up-to-date, and often time-
comparable information that supports the understanding of complex socio-economic and 
technological phenomena. In this study, the data have been subjected to critical analysis in 
terms of their relevance and consistency with the thematic scope. The aim of this analysis 
is not only to present the current state of affairs but, above all, to identify key trends and 
challenges that can be examined in relation to the research questions. 

With regard to the first question – concerning the key engineering competencies in the 
era of Industry 4.0 and 5.0 and the future economy – it should be noted that in the context 
of digital transformation and the transition from Industry 4.0 to a more human-centered 
and sustainable Industry 5.0, the set of essential engineering competencies has significantly 
expanded. In addition to traditional technical skills, increasing importance is being placed 
on digital, social, ethical, and leadership competencies. 

In the domain of digital competencies, particular emphasis is placed on data analysis 
and interpretation, proficiency in working with large datasets (big data), knowledge of 
open-source systems, machine learning modeling, as well as digital collaboration and 
computational thinking. Engineers must be prepared to operate in environments dominated 
by data and algorithms, not only utilizing them but also understanding their impact on both 
design decisions and broader societal contexts. Socio-humanistic competencies – such as 
intercultural empathy, trust-building, support for inclusivity, and the generation of 
actionable insights – are becoming essential in interdisciplinary and multicultural teams. 
In Industry 5.0, which emphasizes the synergy between humans and technology, these 
competencies enable the development of more sustainable and socially responsible 
solutions. 

In the area of management and ethics, mastery of issues related to artificial intelligence 
ethics, cybersecurity management, health and climate perspectives, as well as managing 
uncertainty and cognitive load, is critical. The ability to apply global engineering ethics 
and to design solutions rooted in social responsibility is foundational for engineering 
activity in the future economy. Complementing this are design and creative competencies 
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– such as systems thinking, design thinking, and adaptive thinking – which allow for the 
development of innovative and integrated solutions in a dynamic environment. Equally 
important are business competencies (e.g., business analysis, production and quality 
management) and leadership competencies, including change management, team 
leadership, and time management. 

In relation to the second research issue, which pertains to the role of reskilling and 
upskilling as strategies for the development of engineers in the era of technological 
transformation, data presented in this publication – from both international reports and 
research conducted in Poland – clearly indicate that reskilling and upskilling are essential 
strategies. When combined with the adoption of cognitive technologies and automation, 
these strategies can contribute to reducing production costs while enabling rapid 
organizational growth (Deloitte, 2017, The Fourth Revolution is now: are you ready? 
Future of Operations). Both strategies form the foundation of engineering workforce 
development and represent a critical element in building a resilient, innovative, and flexible 
future economy. 

Upskilling, which involves deepening and updating existing competencies, enables 
engineers to effectively leverage modern tools and technologies, thereby enhancing their 
competitiveness in the labor market. Reskilling, on the other hand – understood as 
acquiring entirely new qualifications – facilitates career shifts in response to evolving 
industry needs and changing demands for specific specializations. 

6. CONCLUSIONS 

Dynamic transformations associated with Industry 4.0 and 5.0 require engineers to 
adopt a new approach to professional development. Resilience, understood as the process 
of adapting to changing conditions, plays a key role in shaping the attitudes and skills 
necessary in the future economy. An analysis of available reports indicates that reskilling 
and upskilling are not only responses to labor market challenges, but also tools that support 
the development of technological innovation and sustainable growth.  

In the context of ongoing technological change, a critical task for employers is to 
support employees in acquiring new competencies. For engineers, this involves not only 
the enhancement of technical skills but also the development of social, analytical, and 
leadership competencies that will enable them to become leaders in designing and 
implementing innovative solutions. In light of the challenges posed by the new economic 
era, investment in the development of engineering talent is not merely a necessity but also 
an opportunity to build competitive advantage. 

It is worth noting, however, that only a few years ago, employers held divergent views 
regarding these strategies. According to the World Economic Forum’s Future of Jobs 
Report 2018, nearly one-quarter of companies were undecided or reluctant to engage in 
reskilling their workforce, while two-thirds expected employees to adapt and acquire new 
skills on their own while transitioning between jobs. More than half of employers planned 
to address skills gaps by hiring new staff or turning to external contractors, temporary 
workers, or freelancers (World Economic Forum, 2018). 

Such skepticism regarding the implementation of reskilling and upskilling strategies is 
surprising when juxtaposed with more recent studies showing that investing in the 
development of existing employees’ competencies is significantly more cost-effective than 
the recruitment and training of new personnel (Chakma, Chaijinda, 2020). 
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In conclusion, the future competency profile of engineers requires the integration of 
digital, interpersonal, ethical, and managerial skills. It is this synergy that will enable 
engineers to effectively meet the challenges of Industry 4.0 and 5.0 and actively contribute 
to shaping an innovative and responsible future economy. Reskilling and upskilling 
strategies, therefore, represent key tools for the competency development of engineers in 
the era of technological transformation, allowing them to effectively adapt to evolving 
market demands and accelerate organizational innovation. 

 
All authors have read and agreed to the published version of the manuscript. 
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