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Ethical and responsible engineeringEthical and responsible engineering
Engineers must commit to uphold fundamental
human rights, values and dignity of users and
stakeholders, prioritize transparency and
accountability, while also considering the broader
societal implications of technology innovation,
including sustainability and environmental impacts.

Ethical and human-
centered AI
Ethical and human-centered AI prioritizes
transparency, accountability, and fairness in
algorithmic decision-making. In industrial contexts,
it ensures AI systems respect human rights, avoid
bias, and maintain user trust. Embedding ethical
principles from design to deployment enhances
compliance, social acceptance, and the long-term
sustainability of AI-driven operations.

Ethical audits, risk
assessments
Human augmentation technologies—such as
wearables, neurointerfaces, and exoskeletons—raise
complex ethical questions around autonomy, consent,
and equity. Responsible adoption requires clear
governance frameworks to balance performance gains
with workers’ rights, ensuring enhancements are
supportive, voluntary, and aligned with individual
dignity and long-term social well-being.

Well-being and
work-life balance
Promoting well-being and work-life balance in industrial
environments enhances employee retention, productivity,
and resilience. By integrating flexible scheduling, supportive
digital tools, and health-oriented workplace design,
organizations foster sustainable performance. Prioritizing
mental health and work-life integration is not just ethical –
it’s a strategic imperative for long-term operational success.

Ethical governance and technology
regulation, fairness and accountability
Ethical governance ensures that emerging technologies
in industry operate transparently, fairly, and within
regulatory bounds. Establishing clear accountability
structures, inclusive decision-making, and compliance
with frameworks like the EU AI Act helps organizations
mitigate risk, build trust, and align innovation with
societal values and legal responsibilities.

Ethical technology
design for values
Ethical technology design embeds human values – such
as autonomy, dignity, and justice – into the development
process from the outset. In industrial settings, this
approach ensures that digital systems align with societal
expectations, user needs, and ethical norms, fostering
trust, long-term adoption, and responsible innovation
across production ecosystems.
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Recommendations for a syllabus design

A combination of interactive theoretical lectures, formative assessments,
and experiential learning approaches (project works) is recommended to

foster critical thinking and problem-solving skill. Students should collaborate
in interdisciplinary teams to tackle complex, real-world industrial challenges.

Teaching methods

Professional figures of the future

To develop analytical thinking, leadership and social influence,
creative thinking, self-awareness, technological literacy, empathy
and active listening (as defined by the Future of Jobs Report 2025)

Manager 5.0 Analyst 5.0 Operator 5.0

To design and create factories of the future where the human element
coexists symbiotically with the physical environment and technologies 

To assess and refine enterprise transformation roadmaps by evaluating
strategic frameworks, technological integration, and ethical implications
to enhance organizational adaptability

To apply emerging technologies in industrial settings by evaluating AI,
automation, and human augmentation to enhance capabilities,
productivity, and collaboration (human-human, human-robot, human-AI)
while integrating emotional intelligence and responsible technology
practices to ensure compliance and long-term sustainability.

To understand the vision and principles of human-centered factories,
human augmentation and empowerment, socially sustainable workplaces
and ethical/responsible technology engineering

Learning objectives
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Course content
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Recommendations for a syllabus design

based on the feedback from 13 experts

1.Formulate Intended Learning Outcomes with observable, action-oriented verbs (e.g. analyze, design, evaluate, apply).
2. Indicate how learning is evaluated, including formative and summative approaches, reflective tasks, peer assessment
3.Make use of synchronous and asynchronous activities to enhance participation, reflection, and collaborative learning
4.Avoid rigid generational labels (e.g. “5.0”) by framing professional roles as X.0 profiles
5.Explicitly include safety, human factors, and emerging technologies as core elements of human-centric industrial systems
6.Complement ethical and social dimensions with sufficient technological foundations and economic reasoning
7.Design learning activities that connect these themes to concrete industrial challenges

KEY EXPERT RECOMMENDATIONS FOR HUMAN-CENTRIC IEM EDUCATION
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LEONARDO Intended Learning Objectives (ILO) Framework

LEONARDO comprises 28 ILOs organised into five thematic domains. The framework is grounded in Bloom's revised taxonomy and is explicitly mapped to the
LEONARDO Human-Centric Pillars (LHCP). Each sub-topic in the curriculum addresses a subset of these ILOs:
 
Domain A – Human-Centric Production Foundations (ILO 1–5)
These ILOs establish the conceptual and systemic foundations of human-centric production, Industry 5.0, and human-centered design. They are primarily addressed by
the Pillar 0 module and recur as prerequisite knowledge throughout the other pillars.

ILO 1 – Describe the key principles, historical evolution, and societal drivers of Industry 5.0 and human-centric manufacturing, distinguishing them from the techno-
centric paradigm of Industry 4.0. [Knowledge / Comprehension]
ILO 2 – Explain the concept of human-centered design (HCD) and articulate how placing human needs and well-being at the centre of production processes
generates value for workers, organisations, and society. [Comprehension]
ILO 3 – Compare Industry 4.0 and Industry 5.0 frameworks in terms of their technological, organisational, and human implications, identifying the skills and
competences required to operate effectively in each paradigm. [Analysis]
ILO 4 – Apply human factors and ergonomics principles — including physical, cognitive, and organisational ergonomics — to analyse and redesign production
workstations and processes for improved worker safety, well-being, and productivity. [Application / Analysis]
ILO 5 – Evaluate the holistic well-being of workers in a given production environment by integrating physical, psychological, and social dimensions, and propose
actionable improvements consistent with Industry 5.0 goals. [Evaluation]
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LEONARDO Intended Learning Objectives (ILO) Framework

Domain B – Empowerment, Diversity and Inclusivity (ILO 6–10)
These ILOs target the competences required to design, evaluate, and advocate for inclusive production systems that empower a diverse workforce. They are the primary
focus of the Pillar 1 module and connect with Domain A ILOs on ergonomics and human factors.
ILO 6 – Articulate the business, ethical, and societal case for workforce diversity and inclusion in industrial environments, referencing relevant European policies (EU
Disability Strategy, Skills Agenda) and demonstrating awareness of intersectional barriers to inclusion. [Comprehension / Evaluation]
ILO 7 – Design manufacturing workstations, tools, and processes that comply with Universal Design principles and address the physical, cognitive, and socioeconomic
diversity of operators, including people with disabilities, different anthropometries, and varying experience levels. [Synthesis / Creation]
ILO 8 – Select and justify appropriate Industry 4.0 and Industry 5.0 technologies — including collaborative robots, AR/VR, exoskeletons, and assistive communication
systems — for augmenting the physical and cognitive capabilities of a diverse workforce. [Application / Evaluation]
ILO 9 – Assess the usability and accessibility of a production system using quantitative (anthropometric measurements, RULA/REBA scores) and qualitative (user
feedback, heuristic evaluation) methods. [Analysis / Evaluation]
ILO 10 – Construct a personal and organisational skills development plan that integrates lifelong learning, continuous upskilling, and the ability to adapt to technological
change in high-tech production environments. [Synthesis / Creation]
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Open Educational Resources for human-centric IEM
Lecture slides & business cases

Module 0 | Human Centred Production
0.1 | The LEONARDO Vision for Human Centricity >
0.2 | Introduction to Human Centred Production and Industry 5.0 >
0.3 | Human Centred Design >
0.4 | Human Factors and Ergonomics in Production Systems >

Module 1 | Empowerment and Inclusivity
1.1 | The LEONARDO Vision for Inclusive Workspaces and Empowered Operators >
1.2 | Inclusivity by Design: Diversity in Production Systems >
1.3 | Technologies augmenting physical and cognitive capabilities >
1.4 | Anthropometry, biomechanics and usability engineering >
1.5 | Lifelong Learning and Skills Development in High-Tech Production >
1.6 | Human-Centered Design for Work at a Distance >

Module 2 | Empathetic and Social Interaction
2.1 | The LEONARDO Vision for Empathetic and Social Workplaces >
2.2 | Introduction to Social Engineering Design >
2.3 | Social Engineering Design in the Workplace >
2.4 | Generative AI and Human-AI Collaboration in the Workplace >
2.5 | Emotional intelligence and empathy-driven AI systems in industry 5.0 >
2.6 | Explainable AI and trust in collaborative workplaces >
2.7 | Empathy and social bonding in human-robot interaction >
2.8 | Social sustainability and social leadership >

Module 3 | Ethical and Responsible Technology Engineering
3.1 | The LEONARDO Vision for Ethical and Responsible use of Technology >
3.2 | Introduction to Ethical and responsible technology engineering >
3.3 | Ethical Implications of Human Augmentation and Enhancement >
3.4 | Ethical Audits and Risk Assessments >
3.5 | Ethical and human-centred AI >
3.6 | Ethics of Data Collection, Workplace surveillance and Privacy in Industry >
3.7 | Well-being and Work-Life Balance >
3.8 | Ethical Governance and Technology Regulation, Fairness and Accountability >
3.9 | Ethical design: Value Sensitive Design and Tarot Cards >

Module 4 | Business case studies
4.1 | Case Study 1 (Empowerment and inclusivity) >
4.2 | Case Study 2 (Empathetic and Social Interaction) >
4.3 | Case Study 3 (Ethical and Responsible Technology Engineering) >

Module 5 | LEAF tutorials
5.1 | CALABRIA LEAF Tutorials (Part 1) >
5.2 | CALABRIA LEAF Tutorials (Part 2) >
5.3 | WELS LEAF Tutorials >

PDF lecture slides
are available. 

Click on the lecture
to download it 

https://www.uss-lab.it/leonardo/slides/LEONARDO_0.1.pdf
https://www.uss-lab.it/leonardo/slides/LEONARDO_0.2.pdf
https://www.uss-lab.it/leonardo/slides/LEONARDO_0.3.pdf
https://www.uss-lab.it/leonardo/slides/LEONARDO_0.4.pdf
https://www.uss-lab.it/leonardo/slides/LEONARDO_1.1.pdf
https://www.uss-lab.it/leonardo/slides/LEONARDO_1.2.pdf
https://www.uss-lab.it/leonardo/slides/LEONARDO_1.3.pdf
https://www.uss-lab.it/leonardo/slides/LEONARDO_1.4.pdf
https://www.uss-lab.it/leonardo/slides/LEONARDO_1.5.pdf
https://www.uss-lab.it/leonardo/slides/LEONARDO_1.6.pdf
https://www.uss-lab.it/leonardo/slides/LEONARDO_2.1.pdf
https://www.uss-lab.it/leonardo/slides/LEONARDO_2.2.pdf
https://www.uss-lab.it/leonardo/slides/LEONARDO_2.3.pdf
https://www.uss-lab.it/leonardo/slides/LEONARDO_2.4.pdf
https://www.uss-lab.it/leonardo/slides/LEONARDO_2.5.pdf
https://www.uss-lab.it/leonardo/slides/LEONARDO_2.6.pdf
https://www.uss-lab.it/leonardo/slides/LEONARDO_2.7.pdf
https://www.uss-lab.it/leonardo/slides/LEONARDO_2.8.pdf
https://www.uss-lab.it/leonardo/slides/LEONARDO_3.1.pdf
https://www.uss-lab.it/leonardo/slides/LEONARDO_3.2.pdf
https://www.uss-lab.it/leonardo/slides/LEONARDO_3.3.pdf
https://www.uss-lab.it/leonardo/slides/LEONARDO_3.4.pdf
https://www.uss-lab.it/leonardo/slides/LEONARDO_3.5.pdf
https://www.uss-lab.it/leonardo/slides/LEONARDO_3.6.pdf
https://www.uss-lab.it/leonardo/slides/LEONARDO_3.7.pdf
https://www.uss-lab.it/leonardo/slides/LEONARDO_3.8.pdf
https://www.uss-lab.it/leonardo/slides/LEONARDO_3.9.pdf
https://www.uss-lab.it/leonardo/slides/LEONARDO_4.1.pdf
https://www.uss-lab.it/leonardo/slides/LEONARDO_4.2.pdf
https://www.uss-lab.it/leonardo/slides/LEONARDO_4.3.pdf
https://www.uss-lab.it/leonardo/slides/LEONARDO_5.1.pdf
https://www.uss-lab.it/leonardo/slides/LEONARDO_5.2.pdf
https://www.uss-lab.it/leonardo/slides/LEONARDO_5.3.pdf
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Group/team project examples

Human-centered design of Industry 4.0 technologies
Download

Download

Download

Human-centered manufacturing and human-centered AI design:
HAX Design Guidelines for Human-AI Interaction

Value-based engineering and responsible technology design with Tarot Cards of Tech

A group/team project where students apply human-centric design principles to Industry
4.0 technologies in a smart brewing system. 

A group/team project where students explore the implications of AI through HAX Design
Guidelines for Human-AI Interaction.

A group/team project where students use the Tarot Cards of Tech to brainstorm about
the consequences of applying technologies from an ethical perspective.

https://www.uss-lab.it/sdc_download/3003/?key=ngev94gmtdalgx2f5wrijxs5rpbxfa
https://www.uss-lab.it/sdc_download/3003/?key=ngev94gmtdalgx2f5wrijxs5rpbxfa
https://www.uss-lab.it/sdc_download/3003/?key=ngev94gmtdalgx2f5wrijxs5rpbxfa
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LEAF-as-a-service educational toolkit

Remotely accessible services/apps for LEAF-based student game-based education, including IT-based services to access
the LEAF remotely and experiment with it (including user manuals)

LEONARDO Simulation-based Supply Chain Digital Twin available for free on
AnyLogic Cloud
Link to the web app >

Use sensor data from the FHOOE LEAF for experimentation by the students
Email Prof. Thomas Schlechter for details on how to connect >

Open source dataset of beer bottle images available on official
LEONARDO GitHub Repo
https://github.com/usslaboratory/leonardo >

Equipment manuals available on official LEONARDO GitHub Repo
https://github.com/usslaboratory/leonardo >

https://cloud.anylogic.com/model/2491fbde-406a-4aeb-96ad-3f02b2725e3b?mode=SETTINGS&tab=SHARING
mailto:Thomas.Schlechter@fh-wels.at
https://github.com/usslaboratory/leonardo
https://github.com/usslaboratory/leonardo


Pedagogical focus: Cognitive
augmentation, hybrid intelligence,
reflective practice, ethical awareness
Scope: Analyst X.0

Students engage with AI as both a
collaborative partner and a critical
counterpart in solving manufacturing-
related problems within the LEAF
environment. Through alternating
cooperative and competitive scenarios,
they analyze digital twin simulations,
co-design solutions, and challenge AI-
generated recommendations. This
approach strengthens students’
understanding of AI capabilities and
limitations, enhances problem-solving
and meta-cognitive skills, and fosters
responsible, ethical, and well-calibrated
human–AI collaboration.

Pedagogical focus: Agile learning,
entrepreneurial mindset, interdisciplinary co-
creation
Scope: Leader/Innovator X.0

Students participate in challenge-driven
innovation sprints, such as design labs or
hackathons, where interdisciplinary teams
conceptualize, prototype, and validate new
technological and organizational solutions for
the LEAF environment. By leveraging AI, XR,
IoT, and automation, students develop
creative problem-framing, rapid prototyping,
strategic communication, and ethical,
human-centered design skills. The
experience fosters entrepreneurial thinking,
informed risk-taking, and the ability to
navigate uncertainty and trade-offs inherent
in real-world industrial innovation.

Open Educational Resources for human-centric IEM
LEAF-based educational strategies

Educational Strategy #1:
Training through Factory-
in-Action Learning

Educational Strategy #2: 
Collective Intelligence: 
Learning with/against AI

Pedagogical focus: Experiential learning,
perspective-taking, role-playing
Scope: Operator/Manager X.0

Students assume key operational roles
within the LEAF smart factory and manage
its full production cycle through immersive
roleplay. By addressing real-time
challenges using digital twins and AI-
supported tools, they make decisions with
tangible operational consequences. The
approach emphasizes cross-role
coordination, leadership under uncertainty,
balanced human–AI decision-making, and
learning through iteration and reflection,
transforming students from passive
learners into active operators of complex
socio-technical systems.

Educational Strategy #3: 
LEAF Innovation Arena: 
Prototype, Pitch, Perform

How to operationalize this?



Operational Immersion to Train Operators 5.0

Factory-in-Action LearningFactory-in-Action LearningFactory-in-Action LearningFactory-in-Action Learning

Open Educational Resources for human-centric IEM
LEAF-based educational strategies

Objective. To provide students with an authentic
experience of operating a real factory - from
producing a high-quality beer, to collaborating
with external companies, and managing
supporting processes such as procurement.

Four different
learning corners

for human-centric
factories of the

future



Operational Immersion to Train Operators 5.0

Factory-in-Action LearningFactory-in-Action LearningFactory-in-Action LearningFactory-in-Action Learning

Open Educational Resources for human-centric IEM
LEAF-based educational strategies

Digital learning objects as small bite-sized chunks of learning material for electronic delivery and use packed into micro-
courses that include a lesson, an activity, and an assessment
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LEAF-based educational strategies

Objective. Understanding
the ethical impact of AI
from being a tool to a
nearly full-fledged
genuine teammate

Shared Decision-Making: If AI is smarter, shouldn’t it just
decide for us?
Transparency and Explainability: Are you using the AI
because you understand it, or because it gives you a quick
answer (blind trust)?
:Shared accountability and traceability: How can a decision
be ethical if no one can be held accountable for it?

A customized version of the Beer Game where the
students play the role of the brewery manager

Available simulation model
developed ad hoc in AnyLogic

Student teams competing indirectly on operational
excellence and responsiveness

How many material bundles do we order from the
distributor this month?
How many bottles should we produce this month?
How do we report our performance to the market?

Collective Intelligence: Learning with/against AI

Ethical human-AI collaboration inEthical human-AI collaboration in
IEM: an international competitionIEM: an international competition
Ethical human-AI collaboration inEthical human-AI collaboration in
IEM: an international competitionIEM: an international competition

WHAT WE DID
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LEAF-based educational strategies

In the game, AI use is limited, strategic, and across all these rounds,
the team may consult the AI a maximum of 5 times total.

The AI advisor is situationally intelligent.

Human–AI collaboration works only when humans develop the right
kind of trust. Not blind trust. Not zero trust. But calibrated trust -
trust that matches the AI’s actual capabilities.

Ethical AI
advisor

Unethical AI
advisor

An AI advisor was assigned to the
teams but they did not know which one



Game resources are available
open access for your review

Open Educational Resources for human-centric IEM
LEAF-based educational strategies

Planning the 2  edition of the international competition
for December 2026: 

nd

12 rounds simulated, 3-hour class with teams connected
remotely with local facilitator

want to join?

https://www.uss-lab.it/sdc_download/2992/?key=303q4mzp93c9b1hd5c1jd2fw78d6oy
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LEAF-based educational strategies

Task: Creating/updating the business model canvas for
learning factories

LEAF Innovation Arena: Prototype, Pitch, Perform

Design labs and innovation sprintsDesign labs and innovation sprintsDesign labs and innovation sprintsDesign labs and innovation sprints Visit https://www.uss-lab.it/humanmadeplus/

UNICAL students pitched their ideas at
HUMANMADE+ 2026 in Cosenza, Italy
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The edu-force 5.0

The Eduforce 5.0 is a transnational community of professors,
lecturers, researchers, and trainers at Higher Education
Institutions who are equipped — technically, pedagogically,
and professionally — to teach human-centric industrial
engineering and management (H-IEM) in the context of
Industry 5.0.

Members of the Eduforce 5.0 share a common knowledge
base covering both the technical domains of Industry 5.0 (AI,
digital twins, HRC, ergonomics, IoT, ethics) and the pedagogical
approaches that make that knowledge accessible, engaging,
and practically relevant to the next generation of IEM students. 

The Eduforce 5.0 is a community of practice — one that
LEONARDO aims to seed through this skills characterisation,
the Teacher's Handbook (T4.5), and the Train the Trainers
programme (T4.6), and that is intended to grow, self-sustain,
and evolve beyond the lifetime of the project.
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Stay in touch and use the resources

Visit www.uss-lab.it/projects/leonardo/ for more information 

https://www.uss-lab.it/projects/leonardo/


ERASMUS+ KA220 LEONARDO

ContactsContactsContactsContacts
Visit www.uss-lab.it/projects/leonardo/ for more information 

Project coordinator
Prof. Antonio Padovano - University of Calabria, Italy
antonio.padovano@unical.it

LEONARDO is funded by the European Commission under the
Erasmus+ programme KA-220 Cooperation Partnerships for
Higher Education – No. 2023-1-IT02-KA220-HED-000164699

https://www.uss-lab.it/projects/leonardo/
mailto:antonio.padovano@unical.it
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