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1. Introduction

Manufacturing is the process of transforming raw materials 
into finished products with the help of various processes, 
machines and operations. It plays a critical role in the economy
[1], enabling both mass and customized production of goods, 
contributing to employment and fostering innovation. By 
leveraging advanced technologies, optimizing processes and 
focusing on sustainability, manufacturers can improve 

efficiency, reduce costs and meet the ever-changing demands 
of the global market [2].

It is well known that manufacturing is a dynamic and 
evolving sector that requires continuous innovation and 
adaptation. Industry 5.0 represents the next evolutionary step 
in manufacturing, emphasizing collaboration between humans 
and advanced technologies such as artificial intelligence (AI) 
and robotics [3]. This human-centered approach aims to 
elaborate personalized, sustainable and efficient production 
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processes [4]. This would dictate the change of strategies 
within a company, integration of technology, change of 
workflows, communication patterns and training [5]-[7].

In several cases, some of the technical benefits of 
incorporating Industry 5.0 into manufacturing can be seen 
directly on the production line and in the final product. A key 
benefit, beyond the three pillars (sustainability, human-
centricity and resilience) can be improved productivity and 
efficiency, which is documented in literature [8]. One of the 
examples of this relationship is the following; human-robot 
collaboration leads to more efficient and innovative 
manufacturing processes, as the robot takes on the most 
difficult or repetitive tasks instead of the human. Also, Unlike 
traditional industrial robots that operate in isolation, cobots in 
particular [9] are designed to work safely alongside humans, 
helping with tasks that require precision and repetition while 
allowing humans to focus on more complex and creative 
activities [1]. In other cases, the concept of efficiency can 
occasionally be contradictive to the integration of Industry 5.0, 
however, extra concepts could be built to address this fact, or 
the definition of such concepts could be generalized. With 
respect to this work, a Teaching Factory or a Learning Factory 
lie in the core of the training system, addressing simultaneously 
an internal need.

As a result, production systems have become more 
adaptable to change, demand and disruption. Flexible 
manufacturing systems can switch between different products 
with minimal downtime, improving responsiveness to market 
changes. However, achieving this requires improved 
coordination across the supply chain to reduce delays and 
manage logistics and inventory more efficiently [10].

In addition, this collaboration contributes to the 
sustainability of production processes. AI systems analyze vast 
amounts of data to optimize production processes, predict 
maintenance needs and improve quality control. Machine 
learning algorithms enable continuous improvement through 
data-driven insights [11].

Industry 5.0 addresses the problem of unnecessary 
depletion of natural resources by promoting sustainable 
practices, optimizing resource use, reducing waste and 
minimizing environmental impact. In addition, it emphasizes 
the use of renewable energy sources, the recycling of materials 
and the design of products with a longer life cycle [12].

Advanced robotics and ΑΙ help reduce the chance of errors 
in the production process or the way a product is made, 
ensuring greater consistency in product quality and reducing 
the unnecessary use of raw materials due to failure.

Finally, continuous learning and adaptation to new tools and 
processes is very important for the workforce. It increases his
cognitive level and strengthens his professional self-
confidence. This realization gave birth to the need for the 
teaching factory (TF) [13]. The Teaching Factory (TF) [14] is 
a collaborative space where technicians and engineers bring 
factory experience to teach students, while students and faculty 
bring classroom knowledge to teach first-hand. This 
collaboration is an ongoing process, with regular sessions and 
ongoing interaction between the factory and the classroom. The 
main concept we focus on here is that of problem solving. 
Teaching factories are based on a didactic concept that 

emphasizes experiential learning. Philosophy focuses more on 
students' experiential learning in real-world problem solving 
and critical thinking, applying theoretical knowledge to 
practical scenarios.

Educational specialists contend that new competencies only 
succeed if action-based learning and comprehension-based 
learning are combined [15]. Therefore, the attention has been 
to creating more practice-based learning environments. 
However, the assessment of outcomes and evidence of these 
teaching factories (and also Learning Factories) remains 
limited [16], mainly because of the inaccessibility of these 
interventions [17]. Those interventions that require 
engagement at the company level are classified as Teaching & 
Learning Factories. The receivers of the training can be both 
operators and managers [18].

The framework of applying training is based on the concept 
of interventions, which has been defined in social sciences a 
long time ago [19]. The term is tentatively used herein, as 
Industry 5.0 is a multi-disciplinary term, however, it has been 
previously used to describe targeted experiments in companies 
with respect both Industry 4.0 (digitalization) [20][21] but also 
for Industry 5.0 aspects, such as safety [22]. However, for use 
herein, this concept has been restricted to “aiming at change the 
Teaching & Learning Factories-training (TLF) intervention”. 
The generic gap addressed here, is the integration of Industry 
5.0, mainly by companies. This is accompanied by a variety of 
challenges, i.e. technical and human [8]. More specifically, the 
integration that is considered here is in terms of training, 
potentially followed by extra concepts [23]. Training of 
personnel, such as operators and engineers, is of crucial 
importance to the introduction to Industry 5.0 [24][25], 
however, herein, the overall objective is to verify that Industry 
5.0 characteristics can be integrated into training systems. 

Regarding relevant material on questionnaires and 
assessment, for the case of sustainability, there are specialised 
questionnaires from B Corporation that offer possibilities 
towards sustainability certification [26], as well as there are 
similar procedures foreseen in ISO 14001:2015. For human 
centricity, there are extended questionnaires from Workplace 
Innovation, while for resilience, APMG has a program [27] and 
Centric Consulting has a business-focused assessment 
questionnaire too [28]. However, these exceed the purposes of 
the training, which is the focus here.

To be more specific, the TLF 5.0 concept is regarded and
the aim of this work is to design a heuristic summative 
evaluation system [29], with the help of experts from real case 
studies in companies, where such interventions will occur, 
given that technologies have already been identified, so there 
is no need for extra steps (i.e. [30]).

2. Setting the requirements

The aforementioned interventions regard integrating the 
three pillars, namely human centricity, sustainability and 
resilience intro training systems. The methodology to do so, is 
in line with job and company modelling and can be found in 
literature. Four different companies have been used to this end, 
but also additional three companies with partial interventions
have been regarded. A “partial intervention” involves the 
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consideration of less than three pillars. The evaluation 
procedure is applied before and/or after the intervention,
towards assessing the integration of Industry 5.0 through 
training (TF) and at the same time, verifying the alignment with 
some technical objectives [31], such as making such 
interventions future-proof. As a matter of fact, the following 
axes of interest need to be taken into consideration, as 
extensions of the aforementioned objectives: (1) Upskilling, (2) 
Feasibility of the intervention, (3) Multilevel mentality change, 
(4) Involvement of companies practices [32], (5) Efficiency of 
the respective technologies integration with respect to internal 
aspects, (6) Directions expressing the motivation, as stated in
BRIDGES 5.0 Deliverable 1.1 (D1.1) [33]). It is noted that the 
companies involved in this procedure either did not have 
initially any training system, or they had not taken deliberately 
Industry 5.0 characteristics in them.

The evaluation can be self-driven for the most part, implying 
that the companies themselves eventually report on the 
feasibility of integrating Industry 5.0 into their training 
systems. Whenever required, external experts have contributed 
to both the design and the evaluation. Also, to make sure that 
the questions and the responses are relatively concise, externals 
“intervention leaders” have been defined. 

After filling in the template related to designing the 
intervention [13], the intervention leader is responsible of 
gathering the responses, engaging the involved actors (trainees, 
managers, etc). He also has the possibility of involving external 
actors for the design (i.e. technology communication experts), 
the implementation (i.e. system integrators), the intervention 
itself (i.e. trainers) or even for the evaluation (i.e. experts to 
enrich the questionnaires and help populating them with data).  

In any case, the six axes cannot be measured directly, due to 
the complexity of the codependences and the measurements
[34]. To this end, the axes were re-distributed as priorities into 
eight tables. Table 1 is about human and jobs, in terms of 
upskilling. The questions of Table 1 hereafter are indicative and 
highly relevant in the four used cases. Their focus is apparently 
human centricity and resilience.

Table 2 concerns the intervention procedure itself. Table 3
regards the study of whether there is room for company 
engagement in terms of organizational changes. Table 4 is 
relevant to special focus on impact on mentality; for this, it was 
presumed that management has a leading role in cultivating 
concepts and creating experiences [35]. This implies that the 
role of managers is central to achieving human-centric 
workflows in particular, within the company; holistic 
understanding driving a “vision of digital transformation”, or 
having a “culture of change”, among other policies are relevant 
in Industry 5.0 [36]. This can be achieved in different ways; the 
way that is quite convenient here, is to have as target groups in 
training not only operators, but also engineers and/or managers. 
Also, Table 5 is making a link potentially to company practices.
A follow-up study will document these.

The objective of these four tables is to characterize 
qualitatively the establishment of the training within the 
company in the sense of connecting it with surrounding 
practices. The goal is to have a qualitative evaluation against 
each other of these “interventions” with respect to:
• how invasive they are within the company

• what structural and organizational changes they come with
• if they are robust enough with respect to future needs
• if they can be supported within the company by various 

departments and how much engagement they require.
The questions therein are not exclusive in any case, they are 

just a summary of the needs of companies and knowledge from 
previous activities and theoretical background / practices [37]. 
To this end, they concern only textual response. The way to 
process them is through careful qualitative review, through 
techniques such as a semi-structured interview. The processing 
of the results from social, management, technical and financial 
scientists has to be performed.

Then, three tables follow, regarding the company side and 
exactly to what extent the three pillars have been finally 
integrated: Table 6 on human centricity, as the first pillar of 
Industry 5.0, Table 7 about sustainability, focusing on 
environment (as per the European Commission [38]) and
finally, Table 8, related to resilience, focusing mainly on 
supply chains, potentially extending to production itself.

Adopting the wording of the Organisation for Economic Co-
operation and Development (OECD), for reasons of 
completeness, [39], which is related to the results chain [40], 
the following can be claimed, regarding an Input-Output 
modelling of the educational procedure:
• “Input” is consisting of existing educational structures, 

need for Industry 5.0 pillars, existing personnel and 
existing problems

• “Process” is related to the TLF 5.0 and the evaluation 
procedure

• “Output” is the tuple of upskilling, integrating solutions 
and integrating Industry 5.0 pillars

• “Outcomes” can be considered to be the contributions to 
both job transformation and business transformation and 
the definition of procedures that will lead to practices.

• “Impacts” refer to the short to mid-term future and what 
can be considered here is the adoption of Industry 5.0 
practices.

3. A first approach

Taking into account the fact that, given the lack of standards 
for resilience and human centricity mainly, new KPIs will only 
complicate modelling. Thus, qualitative and heuristic metrics
are used to express the efficiency of the interventions.

The evaluation consists of two parts; part A is about the 
intervention itself, focusing on the job and the technologies, 
while part B aims at studying the role of the company itself and 
the respective engagement.

All parts utilize a heuristic Likert scale: 5 - Extremely high,
4 - Moderately high, 3 - Neutral, neither high nor low, 2 -
Moderately low, 1 - Extremely low.

It is essential that justification is provided as well, so that 
the subjectivity is reduced. The justification can include the 
current status of the company or trainee, accompanied of what 
the maximum (5) of the scale refers to. Below, the 
questionnaire is presented. “Before” and “after” are denoting 
the time point that the questions are put with respect to the 
intervention. The goal is to have a differential assessment and 
study the evolution due to the intervention. Figure 1 is 
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indicative of the workflow, pointing out the “before” and 
“after” as ex-ante and ex-post evaluation, respectively. The 
questions that are presented hereafter are a result of (a) 
brainstorming and (b) common requirements of the 
aforementioned companies. The way the results are processed 
is different, based on the focus of evaluation. For quantities 
characteristics, such as upskilling, where statistical analysis is 
required, the procedure consists of the following phases: 
anonymization, averaging across categories, difference 
between ex-ante and post-ante (if applicable) and finally, 
averaging along cases. Justification is required, to analyze any 
potential issues pertaining to subjectivity. For qualitative 
analyses, i.e. the suitability of practices, an analysis is required 
to extract potential positive and negative attributes.

Fig. 1. Evaluation scheme applied in a generic intervention design workflow. 
Time is the vertical axis. A1: ex-ante assessment, A2: ex post assessment.

The first five tables are presented hereafter. They consist the 
part of the questionnaire related to the Intervention evaluation. 
The responses desired are Likert 1-5, with 5 being maximum 
positive, unless otherwise stated. Justification is expected at all 
cases.

Table 1. Upskilling (before and after)

Question (for trainees)

Do you feel confident in solving problems during the manufacturing 
process?

Do you feel confident in using shared control between human and 
machine?

Do you feel confident in working in different project at the same time?

Do you feel confident in working in different working areas in the 
company?

Table 2. Usefulness, Ease & Impact of intervention (after)

Question (only text expected)

How easy was to implement the intervention?

Is the intervention generic enough to be of interest to other groups? 

How easy is it to extend the intervention within the company, to other 
departments?

How are groups of operators and managers involved in the design/ 
implementing of the intervention? Are they given time and resources 
required to enable their active involvement? If not, please explain why.

What aspects would you add to such interventions, so that you achieve 
targets, such as management structure change?

Table 3. Implications for organizational changes (before)

Question (only text expected)

Is senior management committed to the intervention? How do you know?

Who are the principal stakeholders (individuals or groups who have been 
affected by the intervention and/or whose support is necessary for its 
success)? Have their roles and potential contributions been clearly 
defined, and if so how? Are trade unions or employee forum 
representatives involved as active participants?

What are the intended outcomes in terms of company performance?

How will the delegation of decision-making affect the existing 
management structure and management roles?

How will the intervention contribute to achieving your company’s 
strategic goals? 

Table 4. Implications for mentality changes (after)

Question (only text expected)

Does the company give opportunities to improve your skills?

How would you assess the culture of the company and its impact on the 
willingness and ability of frontline workers to participate in the 
intervention? Do you need to make any changes to the company culture –
and if so, how will you do it?

Will you need to support managers in making the transition from their 
current roles? If so, how?

Table 5. Engagement of company in terms of practices (before)

Question (only text expected)

Have you anticipated potential sources of resistance? What is the best 
way of dealing with it?

How will you avoid ‘innovation decay’ (i.e.: drifting back to the old 
ways)? How are you sure interventions will last?

What else would really make this intervention successful?

The next part of the evaluation has three sub-sections, where 
the pillars are the main study, from the perspective of the 
company.

Table 6. Human centricity

Question

Will there be/are there changes in mentality of the work among the 
trainees-employees?

Will reduction of physically arduous tasks be achieved? (1,3,5 with 
justification)

How effectively does this company support and implement worker 
participation in decision-making processes related to both change 
initiatives and daily operations?

How effectively does this company support the implement worker 
empower its participants through, inclusive decision-making, and 
fostering inclusivity?

How effectively does this company support and implement 
opportunities for day-to-day learning?

How effectively does this company support and implement 
opportunities to reduce monotony?

How effectively does this company support and implement enhanced 
work autonomy for frontline workers?

How effectively does this company support and implement employee-
driven improvement and innovation?

(FROM D1.1 DIRECTIONS) Does the company support and 
implement shared control between humans and machines? (1,3,5 with 
justification)
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(FROM D1.1 DIRECTIONS) To what extent does the company 
promote delegation of decision-making from managers to workers?

Table 7. Sustainability

Question

To what extent does the company promote and engage in reductions in 
energy consumption?

To what extent does the company promote and engage in reduced CO2 
output? 

To what extent does the company promote and engage in waste 
reduction? 

To what extent does the company promote and engage in greater reuse 
and recycling of materials?

To what extent does the company promote and engage in life cycle 
analysis?

To what extent does this company work towards reducing primary 
energy consumption?

(FROM D1.1 DIRECTIONS) To what extent does the company 
promote and engage in caring about the environment?

(FROM D1.1 DIRECTIONS) To what extent does the company 
promote and engage in making and promoting green choices?

Table 8. Resilience

Question

Are procedures robust within the company? (1,3,5 with justification)

Is time of recovery used as KPI in company procedures? (1,3,5 with 
justification)

To what extent does the company promote self-organised teamwork?

To what extent does the company promote the flatter organizational 
structure?

(FROM D1.1 DIRECTIONS) Does the company encourage creativity 
and flexibility in manufacturing processes? (1,3,5 with justification)

(FROM D1.1 DIRECTIONS) Does the company encourage innovation? 
(1,3,5 with justification)

(FROM D1.1 DIRECTIONS) To what extent does the company 
promote and engage in resilient supply chains?

(FROM D1.1 DIRECTIONS) To what extent does the company 
promote and engage in the implementation training and education 
systems that guarantee the availability of knowledge and skills?

4. Results on the companies’ landscape & discussion

Herein, the four indicative and available companies, where 
full interventions will take place, have been chosen. The goal
is to check applicability of the evaluation template in the ex-
ante evaluation and to showcase the illustration of data 
presentation. Nevertheless, the diversity in terms of sector, 
application, starting and country is large, as shown in Table 9.

The interventions plan regards a mixture of quantitative (i.e. 
a comparative research, with Likert scales for upskilling, but 
still with elements of field research) and qualitative studies (i.e. 
a case study for feasibility of Industry 5.0 integration and for 
practices extraction) [41]. As such, the statistical significance
in its probabilistic form is not always the focus [42]. Instead, 
the transferability is of interest; here, the crucial ] requirements
(i.e. leading edge of change and member checking) [43] are 
met. As a matter of fact, the number of companies, has been an 
outcome of convenience sampling [44], while for the number 

of trainees in each company, snowballing or even typical 
sampling will be used (this, however, exceeds the purposes of 
the current work). For the evaluation herein, tables 6-8 have 
been used, so that the ex-ante characterization of the companies 
has been utilized towards illustration of data visualization. 

Table 9. Descriptive characteristics of the four main companies

Description & Incentive Desired outcomes

Two different Manufacturing Companies, 
interested in digitalization (averaged used)

Technology integration

Semiconductors Company, interested in 
new department operating smoothly

Knowledge documentation 
and transfer

Batteries company, interested in creating 
holistic training system 

Workplace-related attitude 
change

Company about Robotics & Automated 
manufacturing processes, interested in 
expanding the internal training system

Technology transfer and 
problem solving

The methodology to estimate their overall characterization 
is depicted in Fig. 2. Firstly, all the responses are gathered per 
company and per pillar. Then, for each company, the 
responses’ average (mean value) are estimated per 
characteristic (i.e. pillar). Herein, if some responses were left 
blank (e.g. because they are not currently the focus), they were 
ignored and the mean value was estimated on the rest of the 
questions.

After obtaining the aforementioned characterization of each 
of the companies per pillar (HCn for the human centricity, Rn

for the resilience and Sn for the sustainability of the n-th 
company), an overall metric xn for each company was 
estimated, as per Eq. 1.

Next, Eq. 2-4 were used for the statistical measures of 
minimum, average and maximum overall Industry 5.0 metrics, 
across all companies, utilizing operators min, max and mean
standing for minimum, maximum and average (mean value), 
respectively.

Fig. 2. Methodology of evaluation

The same was performed for each pillar separately, as per 
Eq. 5-7. Thus, the overall indicators HC, R and S for Human 
Centricity, Resilience and Sustainability across all (four) 
companies, respectively, can be estimated.

𝑥𝑥𝑛𝑛 = (𝐻𝐻𝐻𝐻𝑛𝑛 + 𝑅𝑅𝑛𝑛 + 𝑆𝑆𝑛𝑛)/3 (1)

𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚 = 𝑚𝑚𝑚𝑚𝑚𝑚(𝑥𝑥𝑛𝑛) (2)

𝑥𝑥𝑎𝑎𝑎𝑎 = 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚(𝑥𝑥𝑛𝑛) (3)

𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚 = 𝑚𝑚𝑚𝑚𝑚𝑚(𝑥𝑥𝑛𝑛) (4)
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𝐻𝐻𝐻𝐻 = 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚(𝐻𝐻𝐻𝐻𝑛𝑛) (5)

𝑅𝑅 = 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚(𝑅𝑅𝑛𝑛) (6)

𝑆𝑆 = 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚(𝑆𝑆𝑛𝑛) (7)

Figure 3 is representative of the results of the ex-ante 
evaluation. In particular, in the top picture, the distribution of 
the pillars’ metrics along pilots is given. It can be seen that four 
companies, denoted in different colours, obtain different values 
for human centricity, sustainability and resilience readiness, as 
this is obtained by HCn, Sn and Rn, respectively. It is evident 
that there is some range present, up to two Likert degrees. 

The respective average values are shown in the bottom 
figure. These mean values indicate some modesty in the results, 
showing some room for improvement. This is probably due to 
the fact that different technologies and techniques can be 
applied in different cases.

Fig. 3. Evaluation of the companies before the interventions: detailed along 
pilots and pillars (top) and aggregative (bottom).

Additionally, the overall assessment diagram involves the 
statistical values for the overall Industry 5.0 assessment, 
annotated with continuous lines. This implies the synergistic 
effect of the three pillars, leading to mean value of 3.5/5, while 
the maximum and minimum values of the overall Industry 5.0 
metrics have a difference of approximately one Likert degree 

(“range” in statistics). Probably, a lot of techniques could affect 
the score on more than one pillars. However, skills taxonomies 
are not elaborate enough so that they take into account such 
cross-affecting factors (with the exception, maybe of fusion 
skills [45]). Also, especially with concepts such as super-teams 
(the collaboration between humans and technology as per 
Deloitte [46]) it may be mandatory that more complicated 
models are taken into consideration.

Taking into account the company engagement, it appears 
that both practices from companies and focus on transforming 
jobs are relevant into enhancing the current image. The Likert 
scale, however, being in its nature heuristic, could lead to 
inconclusive measures. Thus, more quantified results metrics 
can be elaborated in parallel. The definition, however, is case-
dependent. Also, while the metrics can be linked to 
productivity, monetary values, or even physics, the current 
questionnaire could be used in terms of root cause 
identification, or even Industry 5.0 related Failure Mode and 
Effects Analysis (FMEA).

5. Conclusion & future work

It is evident that the current evaluation system can be a first 
approach towards assessing a company with respect to Industry 
5.0. In fact, partial scores could be indicative of potential areas 
that need optimization, while the value of interventions can 
also be quantified.

However, the definition of an Industry 5.0 compliant 
company is not quantified to a desired extent. As such, 
elaborated metrics are needed, also for certification.

Furthermore, the existence of many different interventions 
will help constitute a statistically significant mass of results 
pertaining to “proof of concept” towards the feasibility of 
Industry 5.0 in training systems. In any case, the European 
background of companies in terms of financial, social and 
technical characteristics is quite diverse.

Also, further work is required towards generalizing the 
interventions towards other directions, such as absorbing 
technology and creating more structural changes than the ones 
required for creating new or modifying existing training 
sessions. It seems that the integration of Industry 5.0 requires 
multi-disciplinary task forces and can be quite case-dependent. 
In any case, frameworks (and templates) for designing and 
evaluating relevant activities are highly useful.

Acknowledgements

This work has been supported by EC project BRIDGES 5.0 
entitled “Bridging Risks to an Inclusive Digital and Green 
future by Enhancing workforce Skills for industry 5.0”, under 
contract number 101069651.

References

[1] Deloitte, https://www2.deloitte.com/us/en/insights/industry/manufacturing
/manufacturing-industry-outlook.html, last accessed 2024/06/10.

[2] Grabowska S, Saniuk S, Gajdzik B. Industry 5.0: improving humanization 
and sustainability of Industry 4.0. Scientometrics 2022;127(6):3117- 3144.



128 Alexios Papacharalampopoulos  et al. / Procedia CIRP 132 (2025) 122–128

[3] Narkhede G, Chinchanikar S, Narkhede R, Chaudhari T: Role of Industry 
5.0 for driving sustainability in the manufacturing sector: an emerging 
research agenda. Journal of Strategy and Management 2024.

[4] Nahavandi S: Industry 5.0 A human-centric solution. Sustainability 
2019;11(16):4371.

[5] Yang J, Liu Y, Morgan PL: Human-machine interaction towards Industry 
5.0: Human-centric smart manufacturing. Digital Engineering 
2024:100013.

[6] Ordieres-Meré J, Gutierrez M, Villalba-Díez J: Toward the industry 5.0 
paradigm: Increasing value creation through the robust integration of 
humans and machines. Computers in Industry 2023;150:103947.

[7] Eriksson KM, Olsson AK, Carlsson L: Beyond lean production practices 
and Industry 4.0 technologies toward the human-centric Industry 5.0. 
Technological Sustainability 2024.

[8] George AS, George AH: Revolutionizing Manufacturing: Exploring the 
Promises and Challenges of Industry 5.0. Partners Universal International 
Innovation Journal 2023;1(2):22-38.

[9] Praveen KRM, Quoc-Viet P, Prabadevi B, N Deepa, Kapal D, Thippa RG, 
Rukhsana R, Madhusanka L. Industry 5.0: A survey on enabling 
technologies and potential applications, Elsevier 2022;26. 
doi.org/10.1016/j.jii.2021.100257

[10] Stavropoulos P, Papacharalampopoulos A, Michail CK, Chryssolouris G.
Robust additive manufacturing performance through a control oriented 
digital twin. Metals 2021;11(5):708.

[11] Maddikunta PKR, Pham QV, Prabadevi B, Deepa N, Dev K, Gadekallu 
TR, et al. Industry 5.0: A survey on enabling technologies and potential 
applications. J of Industrial Information Integration 2022;26:100257.

[12] Dwivedi A, Agrawal D, Jha A,  Mathiyazhagan K. Studying the 
interactions among Industry 5.0 and circular supply chain: Towards 
attaining sustainable development, Comp. & Ind. Engineering 2023;176.

[13] Papacharalampopoulos A, Stavropoulos A, Ziarsolo A, Karagianni OM. 
Teaching Learning Factories 5.0: Shaping Training, Skilling and Reskilling 
for the future, accepted for publication in IAMOT 2024.

[14] Mavrikios D, Georgoulias K, Chryssolouris G. The Teaching Factory 
Network: A new collaborative paradigm for manufacturing education. 
Procedia Manufacturing 2019;31:398-403.

[15] Pittich D, Tenberg R. Development of Competences as an Integration 
Process That Is Alternating in the Learning Venue – Current 
Considerations. Journal of Technical Education 2013;1(1):98–110.

[16] Nick G, Gallina V, Szaller Á, Várgedő T, Schumacher A. Industry 4.0 in 
Germany, Austria and Hungary: Interpretation, strategies and readiness 
models 16th IMEKO TC10 Conference 2019:71-76.

[17] Lensing, K. Entwicklung eines kompetenzorientierten Lehr-
Lernszenarios zur Digitalen Fabrik. Master’s thesis 2016.

[18] Molina RIR, Amaris RRA, Raby NDL, Severino-González P. Trends in 
the knowledge area of organizations in Industry 5.0: perspectives and 
theoretical references. Procedia Computer Science 2024;231:571-576.

[19] Rosenau JN: The concept of intervention. Journal of International Affairs
1968:165-176.

[20] Oeij PRA, Van der Torre W, Vaas S, Dhondt S: Understanding Social 
Innovation as an innovation process: Applying the Innovation Journey 
model. Journal of Business Research 2019;101(8),243-254.

[21] Oeij PRA, Rus D, Pot FD (eds). Workplace Innovation: Theory, Research 
and Practice, Series ‘Aligning Perspectives on Health, Safety and Well-
Being’. Springer: Cham (Switzerland) 2017; DOI 10.1007/978-3-319-
56333-6; ISBN 978-3-319-56332-9.

[22] Nielsen K, Noblet A: Introduction: Organizational interventions: Where 
we are, where we go from here?. In Organizational Interventions for Health 
and Well-being 2018:1-21. Routledge.

[23] Bouezzeddine M (Ed.): Insights Into Global Engineering Education After 
the Birth of Industry 5.0. BoD–Books on Demand 2022.

[24] Fraile F, Psarommatis F, Alarcón F, Joan J: A Methodological Framework 
for Designing Personalised Training Programs to Support Personnel 
Upskilling in Industry 5.0. Computers 2023;12(11):224.

[25] Leng J, Sha W, Wang B, Zheng P, Zhuang C, Liu Q, et al: Industry 5.0: 
Prospect and retrospect. Journal of Manufacturing Systems 2022;65:279-
295.

[26] BCORP, https://www.bcorporation.net/en-us/, last accessed 2024/04/04.
[27] APMG, https://apmg-international.com/business-resilience, last accessed 

2024/04/04.
[28] CentricConsulting, https://centricconsulting.com/resources/self-

assessment-questionnaire-for-business-resilience/, last accessed 
2024/04/04.

[29] AESE, https://aese.psu.edu/research/centers/cecd/engagement-
toolbox/evaluating-engagement-efforts/evaluation-types, last accessed 
2023/11/08.

[30] Moencks M, Roth E, Bohné T, Romero D, Stahre J: Augmented 
Workforce Canvas: A management tool for guiding human-centric, value-
driven human-technology integration in industry. Computers & Industrial 
Engineering 2022;163:107803.

[31] Papacharalampopoulos A, Stavropoulos P, et al. Developing the Teaching 
Factory 5.0. Phases 1, 2 (BRIDGES 5.0 deliverable D5.1/ version 2 – April 
2024). Patras: BRIDGES 5.0

[32] Caggiano M, Semeraro C, Dassisti M. A Metamodel for Designing 
Assessment Models to support transition of production systems towards 
Industry 5.0. Computers in Industry 2023;152:104008.

[33] Oeij PRA, et al.. Conceptual framework of Industry 5.0 to study workforce 
skills (BRIDGES 5.0 deliverable D1.1/ version 2). Retrieved from: 
https://bridges5-0.eu/publications/ BRIDGES 2023.

[34] Ghobakhloo M, et al: Identifying industry 5.0 contributions to sustainable 
development: A strategy roadmap for delivering sustainability values. 
Sustainable Production and Consumption 2022;33:716-737.

[35] Oeij PR, Dhondt S: Reviewing workplace innovation as a plea for a 
practical approach. Sociology Compass 2024;18(4):e13203.

[36] Olsson AK, Eriksson KM, Carlsson L: Management toward Industry 5.0: 
a co-workership approach on digital transformation for future innovative 
manufacturing. European Journal of Innovation Management 2024.

[37] Greenan N, et al: Analyzing the socio-economic consequences of the 
technological transformation: EU-wide empirical evidence from three 
combined empployer-emplyee datrasets (D5.1  BEYOND4.0 project) 
Paris, CNAM-CEET 2023.

[38] Breque M, De Nul L, Petridis A: Industry 5.0 – Towards a sustainable, 
human-centric and resilient European industry, Publications Office of the 
European Union 2021 https://data.europa.eu/doi/10.2777/308407

[39] Development Assistance Committee. Guidance on evaluating conflict 
prevention and peacebuilding activities: Working draft for application 
period. OECD 2008.

[40] Zwart R. Strengthening the results chain: Synthesis of case studies of 
results-based management by providers. OECD 2017.

[41] Barroga E, et al: Conducting and writing quantitative and qualitative 
research. Journal of Korean Medical Science 2023;38(37)

[42] Smith B: Generalizability in qualitative research: Misunderstandings, 
opportunities and recommendations for the sport and exercise sciences. 
Qualitative research in sport, exercise and health 2018;10(1):137-149.

[43] Thompson, V. (2013). A qualitative study of the lived experiences of 
registered nurses transitioning into the clinical setting. University of 
Phoenix.

[44] Pyo J, Lee W, Choi EY, Jang SG, Ock M: Qualitative research in 
healthcare: necessity and characteristics. Journal of preventive medicine 
and public health 2023;56(1):12.

[45] Mitchell J, Guile D: Fusion skills and industry 5.0: conceptions and 
challenges. Insights into global engineering education after the birth of 
industry 2022;5:53.

[46] McWilliams DJ, Randolph AB. Transactive memory systems in 
superteams: the effect of an intelligent assistant in virtual teams. 
Information Technology & People 2024


