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Abstract: The fourth and fifth industrial revolutions have significantly transformed manufacturing, introducing new 
perspectives and foundational beliefs, particularly in promoting sustainable manufacturing practices. This shift 
requires rethinking the competences and decision-making processes that workers must have to work in the new 
environment. To help students in being competitive on the job market, educational institutions must align their 
educational programs to address the new requirements. Thus, this research aims to identify the skills that future 
workers must have to be appealing for companies that want to operate in an environmentally conscious and socially 
responsible industrial landscape. To do so, a systematic review of existing literature was carried out. To offer a 
complete overview of the evolution of the competencies and identify important trends, the study tracked the 
frequency of citations for skills over time. These skills can be taught through learning factories, which can be used to 
provide students with practical applications of theoretical knowledge, ensuring that learned competencies are not 
only theoretical but also practical and applicable in real-world scenarios. This research offers valuable insights into 
the evolving debate on skills, which can be useful for the development of educational programs, learning activities 
and targeted training initiatives for workers. 
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1. Introduction 

In recent years, the evolution of Industry 4.0 technologies 
has raised the debate on how to fully exploit their 
potential, not only from an efficiency point of view, but 
also to promote social and environmental sustainability. 
This has led to the emergence of the concept of Industry 
5.0 (I5.0), which aims to make production 
environmentally and socially sustainable while also 
prioritising the wellbeing of workers (European 
Commission. Directorate General for Research and 
Innovation., 2020). The objective of I5.0 is translated into 
three main components – resilience, sustainability, and 
human-centricity – that should be embraced by 
organisations to be competitive in the current industrial 
context. This involves the adoption of new technologies 
that should take into consideration human factors by 
assessing the impact of technologies on work activities 
and quality of work (e.g. the consequences of introducing 
artificial intelligence and automation tools) in order to 
achieve more sustainable manufacturing processes 
(Friedman & Hendry, 2019).  

It is important to note that possessing the knowledge of 
something is not enough to promote economic, social and 
environmental sustainability; skills are needed. The 
concept of “skill” is related to the competent acquisition 
and use of something (Bertagna & Triani, 2013). 
Therefore, knowledge must be transformed into practical 
skills. Innovative teaching methods that offer practical 
application of acquired knowledge should be investigated 
and researched as they contribute to the development of 
necessary skills (Azer et al., 2013). Among them, teaching 
methods leveraging on teaching and learning factories can 
be beneficial as they are environments where students can 
experiment, solve problems, and assess opportunities, 
leading to the development of skills (Lagorio & Cimini, 
2024).  
Current and future workforce should be provided with the 
necessary skills to tackle new environmental and social 
challenges and maintain the efficiency of business 
activities (Borchardt et al., 2022). Technical skills, despite 
being necessary, are not sufficient. Therefore, investing 
time in developing non-technical skills is also essential 
(Suciu et al., 2023).  
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The aim of our study is to investigate the skills required 
for future workers to operate in the context of I5.0, with a 
specific focus on sustainability and human-centricity, 
through a systematic literature review (SLR). Once 
identified, skills were analysed and categorized into 
technical, methodological, personal, and social to 
determine the most discussed and how research on them 
has evolved over the years.  
In section 2, the methodology used is presented along the 
main results (Section 3). Section 4 provides a discussion of 
the findings while Section 5 briefly concludes the study 
delineating future research. 
2. Methodology 

The PRISMA methodology (Selcuk, 2019) was adopted to 
conduct the SLR. In February 2024, a query was entered 
into the Scopus database to meet the research objective. 
The query was structured around the themes of A) 
Industry 5.0, B) the connection between Industry 4.0 and 
sustainability and human-centricity and, C) the necessary 
skills and competencies for working in the new industrial 
context. Table 1 details the keywords used for each theme. 

Table 1: Keywords for research query. 

I5.0 (A) I4.0 and 
sustainability 
and human-
centricity (B) 

Skills and 
competenci
es necessary 

(C) 

“Industr* 
5.0";"I5.0";"Servi

* 
5.0";"manufactur

* 
5.0";"technolog* 
5.0";"Operator* 

5.0" 

"Industr* 
4.0";"I4.0";"manuf

actur* 
4.0";"technolog* 
4.0";"Operator* 

4.0";Sustainab*;"H
uman 

cent*";"Human-
Cent*" 

*skill*;compe
tenc*;abilit*;k
nowledg*;cap

abilit* 

While “resilience” is considered as one of the main pillars 
of I5.0, it has been excluded from the research query as 
our focus is mainly on sustainability and human-centricity. 
The analysis of skills necessary for the future of 
manufacturing has been prioritised, with a particular 
emphasis on the environmental and social dimensions. 
The query has been designed to connect themes and 
keywords to retrieve documents relevant to our research 
questions. The query used was: ( ( TITLE-ABS-KEY ( 
"Industr* 5.0" OR "I5.0" OR "manufactur* 5.0" OR 
"technolog* 5.0" OR "Operator* 5.0" ) OR ( TITLE-
ABS-KEY ( "Industr* 4.0" OR "I4.0" OR "manufactur* 
4.0" OR "technolog* 4.0" OR "Operator* 4.0" ) AND 
TITLE-ABS-KEY ( sustainab* OR "Human cent*" OR 
"Human-Cent*" ) ) ) AND TITLE-ABS-KEY ( *skill* 
OR competenc* OR abilit* OR knowledg* OR capabilit* 
) ). The following filters have been implemented to 
improve the accuracy of the query: Timespan ranging 
from 2018 to 2024, Publication stage set to Final, Type set 
to Article or Conference Paper, Language set to English, 
Subject Area encompassing Engineering, Computer 
Science, Business Management and Accounting, Social 

Sciences, Environmental Science, Decision Sciences, and 
Multidisciplinary. 
The relevant documents for our analysis were extracted 
according to the PRIMA methodology. As described in 
Figure 1, the search resulted in an initial pool of 1657. 

 

Figure 1: PRISMA flow diagram of the SLR. 

A significant number of papers were found to be 
irrelevant as they did not meet the inclusion criteria, which 
required clear definitions of the necessary skills and their 
relevance to sustainability and a human-centric approach. 
Documents that did not discuss the specific skills required 
for Industry 5.0 or sustainable manufacturing were 
excluded from the analysis. 24 relevant papers were 
identified and used to answer the research question. 
Skills were extracted from the papers and duplicates were 
removed. Following, skills with different names but the 
same meaning have been merged, such as “knowledge 
dissemination” and “knowledge and experience sharing”. 
The skills that successfully passed this process were then 
categorised into personal, technical, methodological and 
social, according to the methodology presented by 
Hecklau et al. (2016) (Table 2). 

Table 2: Definition of Skill Categories. 

Typology Description 

Technical 
(T) 

Refers to the specific knowledge and 
skills needed to efficiently and effectively 

complete tasks in a particular job role, 
directly related to its technical aspects. 

Methodolo
gical (M) 

Refers to the abilities and approaches 
individuals utilize to complete tasks and 

solve problems in a structured and 
efficient way.   

Personal 
(P) 

Refers to the abilities that influence how 
an individual approaches challenges, 

learns, and achieves goals. 

Social (S) Encompasses the abilities individuals 
utilize to interact effectively with others, 

build relationships, and foster 
collaboration.  

3. Results 

As previously mentioned, the final sample comprises 24 
articles. Figure 2 illustrates a growing yearly publication of 
papers, denoting an increasing interest in the topic. 2024 
presents only two papers due to the moment of execution 
of the query.  
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Figure 2: Documents publication trend (final sample). 

A total of 356 skills were extracted. After removing 
duplicates, 232 skills remained. Following the merging of 
skills with the same meaning but different descriptions, 
106 relevant skills were selected. After categorisation, 17 
personal competences, 45 technical competences, 30 
methodological competences and 14 social competences 
were identified. Tables 3 to 6 report the top five (per total 
citations) skills per category, as emerging from the 
analysis. For space reasons, each reference has been 
associated with a code. You can find the legend for these 
codes at this link. 

3.1 Technical skills 

Table 3 shows the most cited skills for the technical area. 

Table 3: Top 5 Technical skills out of 45 identified. 

Technical Skill (T) Reference Cit. 

Data Management 1,2,3,4,5,6,7,8,9,10 10 

Artificial Intelligence 1,3,5,11,12,7,13,14,10 9 

Internet of Things 2,3,12,7,8,13,14,15 8 

Development and 
implementation of 

robotic systems 

2,3,7,12,8,14,10 7 

Cybersecurity 3,6,7,14,16,17 6 

Data management is the most frequently mentioned skill 
required for sustainable manufacturing. The increasing use 
of digitalisation within companies requires the ability to 
deal with large amounts of data, to make effective decision 
and manage new technologies (Kowal et al., 2022). Data 
visualization, data science, data mining, and data analysis 
are all considered essential skills for the future workforce 
(Aranda et al., 2023). It is not enough to simply collect 
and analyse data; companies also require individuals 
capable of interpreting this information (Chari et al., 
2022). Additionally, effectively managing the security of 
sensitive data is crucial (Kowal et al., 2022). Therefore, 
cybersecurity and artificial intelligence skills are both 
relevant. Tools, such as Chatbots (e.g., ChatGPT) and 
Robotic Process Automation (RPA), can assist workers in 
providing necessary information, answering questions, and 
supporting their work activities, ultimately adding value to 
core business processes (Aranda et al., 2023). Another 
important technical skill is related to the use and 
management of the Internet of Things (IoT). 
Interconnecting different technologies is essential to 

achieve strategic and efficiency objectives. For instance, 
the ability to use IoT technologies can optimize waste 
collection and recycling processes, enabling the company 
to achieve its sustainability goals (Nobre & Tavares, 2023). 
Other relevant technical skills for operating in the context 
of sustainable manufacturing and Industry 5.0, which can 
be extracted from the references in Table 3, are: skills in 
effectively using and designing online platforms (e-
commerce), digital content creation (design), machine 
learning, Augmented Reality (AR), process optimization, 
cloud solutions, circular business models, IT management, 
Information and Communication Technologies (ICT), 
Virtual Reality (VR), Cyber-Physical Systems (CPS), 
software development, eco-friendly products, automation, 
preventive and predictive maintenance, sustainable 
resource management, renewable energy, digital twin 
technology, 5G networks and quality management. 

3.2 Methodological skills 

As reported in Table 4, life-long learning and problem-
solving skills are among the most fundamental ones for 
future workers. These skills are essential for assimilating 
the knowledge needed to ensure coordination between 
different components and to innovate in new 
environments (Kowal et al., 2022; Kruger & Steyn, 2021). 

Table 4: Top 5 Methodological skills out of 30 identified. 

Methodological 
Skill (M) 

Reference Cit. 

Lifelong learning 18,3,19,5,6,20,16,17,9,10
,21,15 

12 

Problem-solving 2,3,22,20,16,17,23,10,15  9 

Decision making 1,2,3,16,17,21  6 

Critical thinking 3,19,11,24,10 5 

Entrepreneurial 
skills 

2,3,11,16,17  5 

This continuous update of knowledges is also 
fundamental to achieve and meet the sustainable goals 
that have arisen in recent years (Da Silva et al., 2022). It is 
also important to develop problem-solving and decision-
making skills. These skills must be acquired and 
strengthened by workers who intend to work in the 
industrial context of the future. The deep connection 
between technology and humans in companies demands, 
in fact, the ability to find and adopt specific solutions to 
problems arising from this integration (Shet & Pereira, 
2021). Critical thinking is also considered essential, as it is 
important to understand and interpret the information 
provided and gathered by technology (Leon, 2023). 
Additionally, entrepreneurial skills, such as defining goals 
and motivating teams, help to recruit people with the right 
attitude and skills for the company (Shet & Pereira, 2021). 
Skills related to information analysis, research 
formulation, decision-making, user-centric design 
methodologies, sustainability integration approaches, 
workplace safety management, organizational 
coordination techniques, resource allocation methods, 

https://drive.google.com/file/d/1eIUkyoy7ACYPTj5NnouMUWwZy-TWcCM2/view?usp=sharing
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project planning strategies, business model innovation 
processes, product lifecycle oversight, risk management 
methodologies are also considered important by the 
references mentioned in Table 4, although these skills are 
mentioned less often than those previously discussed. 

3.3 Personal skills 

Table 5 shows the most cited skills for the personal area. 

Table 5: Top 5 Personal skills out of 17 identified. 

Personal Skill (P) Reference Cit. 

Creative and 
innovation thinking 

18,25,11,12,6,8,24,23,1
0,17,15,4  

12 

Leadership 2,3,11,16,17,23,21,15  8 

Adaptability to change 18,3,4,22,10,21 6 

Flexibility 2,14,16,17,21  5 

Emotional intelligence 11,20,23,21  4 

Personal skills are highly valued in the new industrial 
context as they are difficult to automate. Also, personal 
skills require special attention since they are difficult to 
develop through training or teaching (Kowal et al., 2022). 
Creative and innovative thinking is particularly important 
for updating business models in response to changes in 
the external environment, as well as for designing new 
products and services and identifying opportunities in new 
business areas (Kruger & Steyn, 2021). It is important to 
be creative not only in the design of new products, 
services and technologies but also in understanding new 
environments and trends, such as sustainability and 
digitalization, and how to fit effectively into them 
(Taverner et al., 2021). Leadership is crucial not only for 
guiding teams towards the company's objectives but also 
for identifying and hiring the right talent. An engineer 
with leadership skills should also be able to assess 
opportunities using innovative ideas (Shet & Pereira, 
2021). The ability to change plans, routines and 
procedures quickly is seen as necessary for working in 
sustainable manufacturing, as the industrial context is 
rapidly evolving and implies important changes in working 
practices and processes. Emotional intelligence is a 
necessary skill for promoting a positive workplace 
environment and also for comprehending workers' 
emotions and retaining talent (Kulkarni & Patil, 2024). 
Other relevant personal skills for the new working 
context, which can be extracted from the references in 
Table 5, include ability to motivate and commit to 
environmental improvement, ability to cooperate, 
empathize with others, perform effectively in high-
pressure environments, demonstrate perseverance, make 
ethical decisions and actions, identify and address 
problems and opportunities. 

3.4 Social skills 

Table 6 shows the most cited skills for the social area. 
Social skills are considered fundamental to work in the 
new interdisciplinary and human-centric industrial context 
(Kowal et al., 2022). This is because the new working 

environment requires collaboration, teamworking, and 
communication skills, both in physical and virtual settings. 
Additionally, training skills are also essential to face new 
challenges. Training should be continuous and effective, 
focusing on the necessary skills and the best methods for 
teaching them to new workers. The training should be 
tailored to the specific trainee (Aranda et al., 2023). 

Table 6: Top 5 Social skills out of 14 identified. 

Social Skill (S) Reference Cit. 

Communication 
skills 

18,25,3,19,11,6,22,24,20,
16,17,23,10,15  

14 

Teamworking 25,3,11,6,16,17,10 7 

Intercultural skills 3,6,22,16,17,10 6 

Collaboration 2,4,24,10,21,17  6 

Training skills 4,7,21 3 

Among social skills considered relevant by the references 
mentioned in Table 6, it is worth also mentioning the 
ability to access external expertise and know-how, the 
ability to lead, motivate, and supervise teams for enhanced 
productivity and collaborative success and the 
commitment and abilities to pay attention to human 
rights, foster employee well-being, and promote 
inclusiveness within organizational practices. 

4. Discussion 

The systematic literature review identified 106 skills 
required for work in a more sustainable manufacturing 
context. The analysis of these extracted skills was 
conducted based on their occurrence by year. It is 
important to note that no relevant skills related to the 
research topics were identified in 2018 and 2019. This is 
likely due to the research query's focus on Industry 5.0 
and its associated themes, such as sustainability and 
human-centricity. These themes became prominent in 
2020 due to the European Commission's decisive role in 
defining Industry 5.0 (European Commission. Directorate 
General for Research and Innovation., 2020). Figure 3 
shows the year a skill was mentioned and its reference 
category. Skills in lighter colours were mentioned in 
previous years, while darker-coloured ones were 
introduced as new skills in a particular year. For example, 
if leadership was referenced in 2021, it will appear in a 
lighter colour in 2022, indicating a previous mention. 
However, if it was not mentioned until 2022, it will appear 
in a darker colour, signifying its introduction as a new 
skill. Figure 3 indicates that new skills were added to the 
necessary pool for sustainable manufacturing in 2020, 
2021, and 2022. In contrast, 2023 and 2024 mainly 
confirmed skills previously identified, even though only a 
few months of 2024 were analysed. 
Despite being closely linked to Industry 4.0 topics, 
technical skills remain crucial. To take full advantage of 
available technologies, mastering them is vital while 
aligning with the economic, environmental, and social 
requirements of sustainable manufacturing (Krajčo et al., 
2019).
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Figure 3. Skills over time. 

Personal, social, and methodological skills constitute over 
half of the skills mentioned each year during the study 
period. The proportion of skills identified in each category 
stayed consistent, suggesting no single category 
dominated. However, the importance of transversal skills 
is expected to rise in the future (García-Álvarez et al., 
2022). Hence, understanding how to effectively teach 
these skills to students and future workers is critical. 
Moreover, there has been a growing trend in the number 
of skills mentioned annually, which is anticipated to 
persist in 2024 due to increased interest in sustainable 
manufacturing. 
A Python script and the library pyVis were used to analyse 
the relationships between different skills mentioned in the 
literature. In Figure 4, a relationship is represented by an 
arc connecting two nodes (skills), indicating joint mention 
in the same paper. The arc's thickness signifies the 
relationship's strength, reflecting how many times the skill 
pair was cited together in the literature. A larger node 
denotes a skill frequently cited in the literature. The graph, 
like the analysis of citations per year, covers the period 
from 2020 to 2024. Due to the vast data volume, a weight 
of ≥ 3 of the arcs was implemented for representation 
clarity. This means only skill pairs mentioned together at 
least three times in the literature were included. The nodes 
are color-coded based on skill category: black for social 
skills, blue for methodological skills, orange for personal 
skills, and yellow for technical skills. The colour of the 
arcs will match that of the nodes if they belong to the 
same skills category; otherwise, it is red. As it is possible 
to notice in Figure 4, the most central skills are primarily 
related to personal, social, and methodological categories, 
such as creative thinking, communication skills, problem-
solving, leadership, teamwork, and lifelong learning. An 
analysis of the five strongest relationships reveals that 
communication skills feature in four out of five, along 
with lifelong learning, creative thinking, problem solving, 
and teamwork. This underscores the importance of soft 
skills in the contemporary industrial context. While 
technical skills may be task-specific, soft skills are essential 
and applicable across all roles, facilitating efficient work 
processes (Marin-Zapata et al., 2022). Consequently, there 
is a need to initiate programs focused on developing soft 
skills early in an academic career. To cultivate these skills, 
additional teaching methods like frequent group activities, 
projects, simulations, and serious games should be 

utilized, alongside dedicated soft skills courses (Caeiro-
Rodriguez et al., 2021). Figure 4 illustrates the strong link 
between lifelong learning and problem-solving skills. 
Problem-solving abilities must be paired with continuous 
learning to keep up with trends, global events, and 
knowledge required for new industrial contexts, enabling 
future workers to tackle potential challenges (Gürdür 
Broo et al., 2022). Figure 4 reveals also that the most 
relationships between skills, within the constraints applied 
to the arcs, are cross-category (red arcs), as opposed to 
within-category. However, there are also relationships 
within the methodological category, most notably between 
lifelong learning and problem solving, and within the 
technical skills category, which has many relationships 
conforming to the imposed weight constraint. In line with 
Industry 4.0 themes, these relationships are frequently 
cited in literature. 
Robotics and Artificial Intelligence have the strongest 
links to the Internet of Things in the technical category. 
Industrial robotics and artificial intelligence tools need to 
be integrated with all other digital and technological 
systems in a company to maximize potential (Aoun et al., 
2021). This also allows for extensive data collection, which 
must be accurately analysed and interpreted to add value 
to the company. So, the relevance of the relationship 
between data management and robotics in the technical 
skills category underscores the importance of data 
management and analysis skills in enhancing the efficiency 
of industrial robotics (Javaid et al., 2021). Notably, the 
technical skills with stronger relationships to other 
transversal skills categories are data management, 
cybersecurity, and artificial intelligence. This reiterates the 
importance of skills such as creative and critical thinking, 
leadership, problem-solving, and lifelong learning in fully 
leveraging new technologies. It also underscores that 
technical training should be integrated with training in 
more transversal skills, recognising their equal importance 
in a well-rounded education (Lamri & Lubart, 2023). All 
these identified skills must be developed in students. 
Providing students with opportunities and safe spaces to 
test their learning is crucial. Teaching and learning 
factories could facilitate competence development, 
allowing students to apply the knowledge gained in 
university courses (Lagorio & Cimini, 2024). This hands-
on approach to learning not only helps in developing 
necessary skills but also stimulates creative thinking.
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Figure 4: Network analysis of the skills. 

By encouraging students to think creatively, it prepares 
them to handle future challenges and seize opportunities. 
This approach also fosters a culture of innovation and 
problem-solving among students. Thus, the effective use 
of teaching and learning factories in education can have a 
profound impact on the development of a student's 
technical and transversal skills, better preparing them for 
their future challenges.  

5. Conclusion 
In conclusion, a systematic literature review has identified 
the key skills needed for sustainable and human-centric 
manufacturing. It offers a comprehensive list of the 
abilities required to adapt to the new industrial 
environment. However, the study has limitations, such as 
its reliance on existing literature and the need for further 
empirical research to validate the findings. Future studies 
could be conducted to validate, through interviews and 
questionnaires, the list of skills extracted from the 
literature considered necessary and establish a ranking 
among them, also investigating the relationship between 
the type of skill and its sector of application. Additionally, 
it would be interesting to delve into the impact of learning 
and teaching factories on skill development. In this paper, 
teaching and learning factories have only been suggested 
as method to develop all necessary skills collectively. As 
seen, projects exploiting learning and teaching factories 
can provide a practical and safe environment for students 
to apply their theoretical knowledge, enhancing skill 
transferability and preparing them better for sustainable 
production challenges. Therefore, a more in-depth 
analysis of this theme would be beneficial. 
 
Acknowledgment  
This paper was supported by National Recovery and 
Resilience Plan (NRRP), Mission 4 Component 2 
Investment 1.1 – Call for tender No. 1409 of 14/09/2022 
of Italian Ministry of University and Research funded by 
the European Union (NextGenerationEU), Project 
“TechFact - Design and adoption of Teaching Factories, 
Learning Spaces and Learning Activities for fostering the 

education of a responsible generation of engineers and 
technical students” (Nr. P202239XAE, CUP 
F53D23009290001). 
This work also contributes to the advances of the 
Erasmus + Project “CoDEMO - Co-Creative Decision-
Makers for 5.0 Organizations” (Project Nr. 101104819). 
References 

A. Guerra & B. Nørgaard. (2019).Sustainable Industry 4.0. 
Akyazi, T., Del Val, P., Goti, A., & Oyarbide, A. (2022). 

Identifying Future Skill Requirements of the Job 
Profiles for a Sustainable European Manufacturing 
Industry 4.0. Recycling, 7(3), 32.  

Aoun, A., Ilinca, A., Ghandour, M., & Ibrahim, H. (2021). 
A review of Industry 4.0 characteristics and challenges, 
with potential improvements using blockchain 
technology. Computers & Industrial Engineering, 162. 

Aranda, J. R., Campos, I., Cosculluela, C., San Martin, J., 
& De Pablos, C. (2023). Continuous vocational 
training in response to the challenge of industry 4.0: 
Required skills and business results. Journal of Industrial 
Engineering and Management, 16(2), 319.  

Azer, S. A., Guerrero, A. P. S., & Walsh, A. (2013). 
Enhancing learning approaches: Practical tips for 
students and teachers. Medical Teacher, 35(6), 433–443.  

Bertagna, G., & Triani, P. (Eds.). (2013). Dizionario di 
didattica: Concetti e dimensioni operatative. Ed. La Scuola. 

Borchardt, M., Pereira, G. M., Milan, G. S., Scavarda, A. 
R., Nogueira, E. O., & Poltosi, L. C. (2022). Industry 
5.0 Beyond Technology: An Analysis Through the 
Lens of Business and Operations Management 
Literature. Organizacija, 55(4), 305–321.  

Caeiro-Rodriguez, M., Manso-Vazquez, M., Mikic-Fonte, 
F. A., Llamas-Nistal, M., Fernandez-Iglesias, M. J., 
Tsalapatas, H., Heidmann, O., De Carvalho, C. V., 
Jesmin, T., Terasmaa, J., & Sorensen, L. T. (2021). 
Teaching Soft Skills in Engineering Education: An 
European Perspective. IEEE Access, 9, 29222–29242.  

Chari, A., Niedenzu, D., Despeisse, M., Machado, C. G., 

Azevedo, J. D., Boavida‐Dias, R., & Johansson, B. 
(2022). Dynamic capabilities for circular 



XXIX SUMMER SCHOOL “Francesco Turco” – Industrial Systems Engineering  

manufacturing supply chains—Exploring the role of 
Industry 4.0 and resilience. Business Strategy and the 
Environment, 31(5), 2500–2517.  

Da Silva, L. B. P., Barreto, B. P., Treinta, F. T., De 
Resende, L. M. M., Yoshino, R. T., & Pontes, J. 
(2022). Evolution of Soft Skills for Engineering 
Education in the Digital Era. Optimization, Learning 
Algorithms and Applications (Vol. 1754, pp. 640–653).  

European Commission. Directorate General for Research 
and Innovation. (2020). Enabling Technologies for Industry 
5.0: Results of a workshop with Europe’s technology leaders.  

Friedman, B., & Hendry, D. (2019). Value sensitive design: 
Shaping technology with moral imagination. The MIT Press. 

García-Álvarez, J., Vázquez-Rodríguez, A., Quiroga-
Carrillo, A., & Priegue Caamaño, D. (2022). 
Transversal Competencies for Employability in 
University Graduates: A Systematic Review from the 
Employers’ Perspective. Education Sciences, 12(3), 204.  

Gürdür Broo, D., Kaynak, O., & Sait, S. M. (2022). 
Rethinking engineering education at the age of 
industry 5.0. Journal of Industrial Information Integration, 
25, 100311.  

Hecklau, F., Galeitzke, M., Flachs, S., & Kohl, H. (2016). 
Holistic Approach for Human Resource Management 
in Industry 4.0. Procedia CIRP, 54, 1–6.  

Javaid, M., & Haleem, A. (2020). Critical Components of 
Industry 5.0 Towards a Successful Adoption in the 
Field of Manufacturing. Journal of Industrial Integration 
and Management, 05(03), 327–348.  

Javaid, M., Haleem, A., Singh, R. P., & Suman, R. (2021). 
Substantial capabilities of robotics in enhancing 
industry 4.0 implementation. Cognitive Robotics, 1,58–75.  

Kalateh, S., Estrada-Jimenez, L. A., Pulikottil, T., Hojjati, 
S. N., & Barata, J. (2022). The human role in Human-
centric Industry. IECON 2022 – 48th Annual Conference 
of the IEEE Industrial Electronics Society, 1–6.  

Knap-Stefaniuk, A. (2023). The skills members of 
multicultural teams need to succeed in Industry 5.0 – 
the opinion of managers from Portugal, France, and 
Greece. Procedia Computer Science, 225, 1478–1485.  

Kolade, O., & Owoseni, A. (2022). Employment 5.0: The 
work of the future and the future of work. Technology in 
Society, 71, 102086.  

Kowal, B., Włodarz, D., Brzychczy, E., & Klepka, A. 
(2022). Analysis of Employees’ Competencies in the 
Context of Industry 4.0. Energies, 15(19), 7142.  

Krajčo, K., Habánik, J., & Grenčíková, A. (2019). New 
technology impact on the Sustainable Development. 
Engineering Economics, 30(1), 41–49.  

Krishnamurthy, R., & Harrison, S. (2023). Aligning 
Manufacturing Skills When Implementing Industry 
5.0.2023 IEEE Frontiers in Education Conference(FIE),1-6 

Kruger, S., & Steyn, A. A. (2021). A conceptual model of 
entrepreneurial competencies needed to utilise 
technologies of Industry 4.0. The International Journal of 
Entrepreneurship and Innovation, 22(1), 56–67.  

Kulkarni, M. S., & Patil, K. (2024). Managerial 
Competencies for Human Brains and Mechanical 
Muscles Interplay; A Study of Automotive Industries. 
In S. K. Sharma, Y. K. Dwivedi, B. Metri, B. Lal, & A. 
Elbanna (Eds.), Transfer, Diffusion and Adoption of Next-
Generation Digital Technologies (Vol. 699, pp. 58–68).  

Lagorio, A., & Cimini, C. (2024). Towards 5.0 skills 
acquisition for students in industrial engineering: The 
role of learning factories. Procedia Computer Science, 232, 
317–326.  

Lamri, J., & Lubart, T. (2023). Reconciling Hard Skills and 
Soft Skills in a Common Framework: The Generic 
Skills Component Approach. Journal of Intelligence, 
11(6), 107.  

Leon, R. D. (2023). Employees’ reskilling and upskilling 
for industry 5.0: Selecting the best professional 
development programmes. Technology in Society, 75, 
102393.  

Marin-Zapata, S. I., Román-Calderón, J. P., Robledo-
Ardila, C., & Jaramillo-Serna, M. A. (2022). Soft skills, 
do we know what we are talking about? Review of 
Managerial Science, 16(4), 969–1000.  

Nobre, G. C., & Tavares, E. (2023). The role of Industry 
4.0 technologies in the transition to a circular 
economy: A practice perspective. Sustainability: Science, 
Practice and Policy, 19(1), 2289260.  

Poláková, M. et al. (2023) ‘Soft skills and their importance 
in the labour market under the conditions of Industry 
5.0’, Heliyon, 9(8), p. e18670. 

Salminen, K., Siivonen, J., Hillman, L., Rainio, T., 
Ukonaho, M., Ijas, M., Lantz, M., & Aho, M. (2023). 
Sustainable Digital Transformation of Manufacturing 
Industry: Needs for Competences and Services 
Related to Industry 5.0 Technologies. 2023 Portland 
International Conference on Management of Engineering and 
Technology (PICMET), 1–9.  

Saniuk, S., & Grabowska, S. (2023). Knowledge and Skills 
Development for Implementing the Industry 5.0 
Concept. European Conference on Knowledge Management, 
24(2), 1188–1195.  

Saniuk, S., & Grabowska, S. (2024). Skills and 
Competencies of Industrial Employees in the Industry 
5.0 Environment. In A. Burduk, A. D. L. Batako, J. 
Machado, R. Wyczółkowski, E. Dostatni, & I. Rojek 
(Eds.), Intelligent Systems in Production Engineering and 
Maintenance III (pp. 251–264). 

Selcuk, A. A. (2019). A Guide for Systematic Reviews: 
PRISMA. Turkish Archives of Otorhinolaryngology,57(1), 
57-58.  

Shet, S. V., & Pereira, V. (2021). Proposed managerial 
competencies for Industry 4.0 – Implications for social 
sustainability. Technological Forecasting and Social Change, 
173, 121080.  

Suciu, M. C., Plesea, D. A., Petre, A., Simion, A., Mituca, 
M. O., Dumitrescu, D., Bocaneala, A. M., Moroianu, 
R. M., & Nasulea, D. F. (2023). Core Competence—
As a Key Factor for a Sustainable, Innovative and 
Resilient Development Model Based on Industry 5.0. 
Sustainability, 15(9), 7472.  

Taverner, C., Trojan, L., Simion, O., & Szkudlarek, E. 
(2021). Design Culture in the Era of Industry 5.0: A 
Review of Skills and Needs. Cultural Management: Science 
and Education, 5(1), 41–58.  

Vogel, C., Lindner, F., & Kratzsch, A. (2023). Practical 
Engineering Education: Use of collaborative robots in 
the context of Industry 5.0. 2023 World Engineering 
Education Forum - Global Engineering Deans Council 
(WEEF-GEDC), 1–11.  


