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ERASMUS+ LEONARDO project
Introducing the LEONARDO project

What we have been learning/teaching about IEM so far
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Driving force and policy-driven impetus for change

How education and training are changing in
response to the Industry 5.0 pillars
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Bregue et al, (2021), Industry 5.0: Tewards a sustainable,
human-centric and resilient European industry, Palicy brief,
Eurgpean Commission,



ERASMUS+ LEONARDO project
Introducing the LEONARDO project

LEONARD@

Human centricity is a multidimensional framework that places human needs, characteristics, motivation and experiences at the
centre of design, development, and implementation of technological solutions and organisational practices that not only
meet functional requirements but also enhance human well-being, capabilities, skills, and working conditions.

Bregue et al. (2021). Industry 5.0; Towards a
sustainable, human-centric and resilient Edropean
industry. Pohcy bnef, European Commission.
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Motivations

From ergonomics to human-centricity

For a long time, human-centricity in industrial
engineering was largely reduced to ergonomics and
occupational health and safety. Industry 5.0 now
demands a broader interdisciplinary perspective:
humans are not only to be protected, but empowered,
augmented, ethically supported, and actively involved in
decision-making within socio-technical systems.

Engaging new generations

At the same time, new generations of learners and
workers bring different expectations, values, and
motivations. Education and training institutions must
rethink how they engage students—moving beyond
traditional teaching models toward purpose-driven,
experiential, and human-centered learning environments
that resonate with today's and tomorrow's workforce.
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From hire to inspire: Getting—and keeping
—Gen Z in manufacturing
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Motivations

EU Priorities

ﬂ Provide appropriate education and training to 2 Develop and use "sandboxes" for human-centric and
mitigate skills shortages and mismatches in human- purpose-driven technology development experiments

centric industrial engineering and management and dialogues at the organisational level
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The idea of learning factories

Learning factories are the gold standard for IEM
education and training nowadays, but...

EONARDE

Learning factories are often
costly and difficult to deploy,
particularly for small
universities and laboratories.

They are typically built around
automation and control, not

around human-centric industrial
and managerial competencies.

h 4

How can we rethink learning
factories to place humans -
not machines - at the center?



ERASMUS+ LEONARDDO project
From Technology-Oriented to Pedagogy-Oriented

Technology-Oriented Approach

r% Tool adoption is the goal

% Platform capabilities shape the curriculum
5% One-size-fits-all digital infrastructure
&9 Human factor is secondary (automation first)

@ IEM curricula still &.0-techno-centric

The educator must ask:

LEONARDE

Pedagogy-Oriented Approach

% Learning outcomes drive tool selection

t%} Currictlum constructively aligned first; technology serves it
% Differentiated toals for Operator / Analyst / Manager profiles
@ Human-centricity is the design principle (Industry 5.0)

&P H-IEM curriculum embeds ethics, ergonomics, HRC as core modules

¢ What competence do | want this student to have? (Intended Learning Outcomes - ILOs)

e What activity will build it? {Teaching & Learning Activities - TLAs)

* How will | assess whether they have it? (Assessment)

Only then - once those three are coherent - the question become: "which tool best supports this?'

The Learning Factory we built is pedagogically intentional: purposely not fully automated, preserving human role in line with Industry 5.0

principles.
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Project objectives

Main Objective | LEONARDO aims to devise, develop and test innovative teaching methods, materials and tools for
human-centric industrial engineering and management (H-IEM) in the light of the emerging Industry 5.0 paradigm.

| To design, install, and “5.0-tize" a To shape the future of H-IEM To nurture a European

ﬁ small-scale replica of a brewing 2 Education & Training and B community of faculty and HEI
system (called LEAF, Learning and equip individuals with the staff committed to reinforce the
Experimenting open-Access Factory) skills, knowledge and tools education & training systems
that will serve as a hands-on learning they need to thrive in an and trigger a modernisation of
environment and as an incubator for ever-evolving industrial IEM education in the light of

human-centric student’s ideas environment human-centricity in Industry 5.0
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The LEONARDO smart brewing learning factory

Beyond Industry 4.0 learning factories

LEONARDE

LEONARDO reimagines the concept of learning factories through human-centric, accessible, and digitally enhanced educational experiences.

LEONARDO emphasizes open, interoperable, and ethically grounded systems that allow students not only to operate machinery but also to
understand the broader socio-technical implications of digital transformation in manufacturing and supply chains,
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LEDNAHDD Srnart hrewmg learning factory goes
bevond industrial automation, smart
manufacturing and technical skills. Learning with
fun adds a layer of mativation and stimulation.
Brewing is an engaging, enjoyable and rewarding
process that encourages innovation,
entrepreneurship and cunosity.

A foeus ob bumen-e

Through the integration nf Al }{H an::l hurnan—ﬂul
collaboration, LEONARDO empowers learners to
engage with camplex socio-technical systems,
develop collective intetliﬁente, and explore the
long-term effects of technological decisions
aligned with the demands of Industry 5.0.

R — 7 ‘Q'.‘ iﬁ-‘ Mewfzcormg
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LE{]NAHDU fGStErS mulhdnmphnan,r mllahmatmn
by integrating engineering, social sciences, and
ethics, enabling learners to co-create respansible,
human-centric solutions for complex industrial
challenges in line with EU priorities.

Hands-on teachlng to rntegrate themn,r with practice
in tech-enhanced environments where learners and
educators co-create, test and refine human-centric
industrial solutions (e.g. ethical development of
technologies, Al for workers with disabilities, digital
twins for sustainable development)



The LEONARDO smart brewing learning factory
Beyond Industry 4.0 learning factories

LEAF in UNICAL is more than a pilot plant - it is a sandbox for learning,
innovation, and co-creation, enabling students to experience the
intersection of technology, process, and humans in modern
manufacturing and nurturing a new generation of learners who are
not just technically skilled but also socially and ethically aware.

The LEONARDO factory is a compact, digitally enhanced
brewing system - spanning from malt milling to bottling -
designed as a hands-on educational platform and incubator
for human-centric student innovation.

Fully automated and digitalized, LEAF integrates
technologies like TULIP, Node-Red, and Grainfather, with
Al-driven analytics powerad by Python, OpenCV, and
YOLOvS for real-time manitoring, predictive modeling, and
root cause analysis.

A simulation-based digital twin build in AnyLogic allows
students to experiment with process scenarios and remote
operations, while an augmented reality tool developed for

Microsoft Hololens with Unity provides intuitive guidance, ?I\IB y Part of the Catalogue of Smart Factory Labs -
live visualizations, and interactive work instructions. L) Worldwide promoted by the United Nations

“.Y Industrial Development Organization (UNIDO)
= 7 B =2
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The LEONARDO smart brewing learning factory
Beyond Industry 4.0 learning factories







The LEONARDO smart brewing learning factory
Beyond Industry 4.0 learning factories

While the UNICAL factory provides a controlled,
experimental setup optimized for didactic
exploration and rapid reconfiguration, the
FHOOE installation in Upper Austria exposes
students to the complexity of operating within
an existing industrial system.

Real-world brownfield learning factory: The
FHOOE LEAF is implemented within an existing, fully
operational small-scale brewery (Gerst! Brau),
enabling direct access to real industrial processes,
constraints, and continuous production data.

Continuous access to real production data: Unlike
purely experimental setups, the productive nature of
the brewery provides regular, real-life process data,
enabling realistic analysis, monitoring, and decision-
making scenarios for education and training.

Remote accessibility and global learning: loT
connectivity enables remote access, allowing
students and educators to engage with the system
independently of location, in line with the project’s
open-access and international learning objectives.
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ERASMUS+ KA220 LEONARDO

LEONARDO aims to devise, develop and test innovative teaching methods, materials and tools for
human-centric industrial engineering and management (H-IEM) in the light of the emerging Industry 5.0 paradigm.

Y/

White paper on LEAF-based

Human-centric LEONARDO educational

LEONARDO
e-learning
platform

Group projects and .
Industrial Curriculum and LEAF-3¢-a3-cervice strategies and

- Engineering an recommendations : teacher’s
. - for syllabus design B ronalgooxs handbook
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White Paper on Human-centric Industrial Engineering and Management
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Gap analysis report and mismatches with Industry 5.0 requirements

P ra——— The quadrant-based matrix appeared in a recent scientific study outlines four
bt enuanlt o strategic approaches for curriculum development in emerging industrial education:

s e & - g ¢ Quadrant | - Innovate and Pioneer (Low maturity, Few courses) features
O — iy emerging topics with low scientific maturity and limited existing courses. This
O A guadrant invites bold, innovative curriculum design to address underdeveloped
@ i | St i glies areas such as interoperability, simulation and digital twins, extended reality,
® - @ and decentralized systems. It holds the highest number of topics, highlighting
. the need for foundational educational content.

Dy

D 0 ] ki

e - ® Quadrant ll — Specialize and Develop (High maturity, Few courses) includes
@ it . ® srgarkitio scientifically mature topics that remain underrepresented in curricula. These
roiny = o areas, such as Al in manufacturing, adaptable systems, and reliability
. engineering, offer strong potential for advanced and specialized courses.

Mistvilies of rosrses ans cierrsiils af jiess snilversibes

iy

siniiyer i ’ ® Quadrant Il - Monitor and Expand (High maturity, Many courses) contains
. e et e mature fields with well-established educational coverage, including laT, cyber-
smaremte —_— @ physical systems, and innovation management. The focus here is on updating

S and enriching existing curricula with the latest developments.

. v segraend. ¢ Quadrant IV — Explore and Enhance (Low maturity, Many courses) covers
relatively new yet already popular topics like big data, system design, and
Lo gl supply chain management. The strategy involves monitoring trends and
Mitiurity leval in the scientific knowladge lamdscaps enhancing current offerings to meet demand.

i - Y =2 T o
)nurw-—'( a ’ﬁ% @ = Padovano, A, & Cardarnane, M. (2034). Towards humar-Al collaboration in the competency-based curmiculum develogment process:
N -y The easa of industrial engnesrng and ranagement edusaton. Computers and Education: Arthce Intellipence, 7, 100256

Il
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The evolution of learning
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Learning 1.0

This stage represents the most
intuitive and experiential form of
learmning, where indnaduals
acquired knowledge by
pbserving natural mend,
mamicking animal ors, and
interacting directly with ther
envircnment. It was
unstructured but deeply
immersive and contextual.
Learning was holistic and
integrated into daily survival,
creativity, and community fife.
While pnmitive by modem
standards, this form of learming
emphasized curiosity,
observation, and adaptation -
qualities still essential in today's
educational systems.

LI 8

Learning 2.0
WH;h ﬁut.- imreemnn of writing
g press,
lmtmr sl’aﬁ h'EI:EII'IE codified and
e arross time and
space. Books, =
and manuals pro a
structurad, fﬂﬂl‘lﬂllzﬂﬂ way to
disseminate information. This
stage marked the rise of
institutionalized education,
where Ieamﬁl became
associated schools and
a@ademic systems. The key
feature here was access to
curated and reliable information;,
which laid the foundation for
literacy and the

widespread
development of disciplines.

This phase marks the digital
transformation of education
| thmiuﬁl the rise of the internet,
= g piatforms, MOOCs,

Learning 5.0
It's the era of Al-assisted and
personalized learning, where
virtual tutors, chatbots, and
w\e Al tools (like GPT-
ed assistanis) tailor content
to individual needs, goals, and
contexts. This stage blends
human cognition with machine
mtelligence, enabling adaptive
leaming pathways, real-time
feedback, and inclusive
educational actess. It supports
lifelong leaming, enhances
leamer autonomy, and opens
new frontiers for hybrid human-
machine collaborabion in
education. It also raises
questions around ethics, data
privacy, and the role of human
educators in a tech-driven
landscape.
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White Paper on Human-centric Industrial Engineering and Management

Empowerment and inchusivity

Individuals are now enabled (with or without aid of
technology) to make informed decisions, operate
systems and develop the skills and confidence to
pursue their goals. All individuals, regardless of
their background, identity or abilities, have equal
access to opportunities, resources and participation
within the industrial setting.

Anthropometry, biomechanics,
ergonomics and usability engineering

Integrating anthropometric data, biomechanical modeling,
and uﬁl:lﬂlt"' ring into production system design
enables task npﬁﬂr:.fE zation, reduces musculoskeletal risk,

boosts warker effi Ergonomically
mhﬁﬁﬁw mterlffnreg not mh:?umm:;:‘ Fijury-

related downtime but also enhance precision and
tﬁrmg"liput—&lwm‘lg measurable ROI through improved

performance, Safety compliance, and workforce satisfaction.

Augme technologies

for mit

Au E‘H:m IIE pmuﬂrﬂiiai'ﬁ

c;apahthliﬁ In Ennrtfar:tn s, taols like mdm

e
ex, ding =

mw hﬂl.lsivitgwlﬂﬂ '

' remain central to industrial
Processes.

Lifelong learning and
skills development

Continuous skalls development is essential i!iifﬂﬁh‘hf :

lﬁlﬁ m'mmmtl'r tim mdauhmmﬁm __
i m?mﬁ
through AR rms, aml
hurnan-maﬂurlﬂmtfraﬂlm‘r es - enahles.

future-ready workforce. This not only reduces ﬂtil

and tl.lnwveljrr but also Enfmnmadgbuhﬂrm irlrmgu
capacity, and long-term operational resilience.
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White Paper on Human-centric Industrial Engineering and Management

PILLAR 2 | -
Empathetic and social woriiplaces
Organizations are challenged to create a supportive

wark enviranment where employees feel valued,
understood and connected to one another.

Moreover, as humans work alongside machines Social engineering design
mgm%[n%ﬁﬁgﬁ i nﬁ;ﬁat at the workplace
and empa interaction a Sunal
becomes vital for effective collaboration, mutual Eﬁmmé ﬂﬁﬁﬁﬁmm‘
learning and understanding, and building human- d inclusive behavior. By applying principles
centric workplaces. fmm urﬁmzﬁnu-nail psychology and hl.lTHEﬂ'l faﬁtm
Ex.andmlunmwﬁ A,
perﬁ:rrrnamﬂ industrial settings. gt
Emotional intelligence and Adaptive and intuitive Social susta
empathy-driven Al system human-robot interaction “and social le

Empathy-driven Al systems equipped with emaotional Adaptwgandmhﬂhwtmmm—mhuthmxﬁmmhlﬁ Sacial sustainability and leadership involve fostering

mtelligence capabilibes :—:-nhante urr-an-mm:hme seamless collaboration I:P,'iﬁ’lmh"lgmmﬁc t‘ﬁ:a:ﬂ;:,;,_ illent workplace cult

interaction by recognizing and %rﬂr&; with human intent and context. Leveraging real-time. prioritizing worker well-being, e

emotional siates. In industrial is ﬁ:lﬁl:ErE betier perception, leami aignr&hrt;}”ardmﬂﬁrmﬂnl sovEmance, grganizations build

user experignce, fEﬂHEEEﬂE‘HIWEEI:min and supports nterfaces, mesemterrﬁ minimize a sadersh

mﬁdwﬂ-hﬁg—dnumgmgagement.safﬂ!ﬁand reduce ermrs, dlmpmmgfﬂtv—dﬁumgupuahum[ ces turnover, and aligns mdustrial parfan
acceptance of sutomation m increasingly human-centric efficiency and user acceptance in dynamic, human- ESG goals, enhancing both reputation an :

production environments. centric manufacturing environments.
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White Paper on Human-centric Industrial Engineering and Management

PILLAR 3

Ethical and respobsible engineering

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

Weli-being and
work-life balance

Promaoting well-being and work-life balance in industrial
Enmmrtrnent'_; enhances employee retention, productivity,
nce. By in ting flexible ﬂ‘l‘wﬂulmg. supportive
ﬂ@lﬂ;lmls and health-oriented workplace design,
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 and human-
centered Al

EmﬁalmﬂhmMn-mﬂvemﬂmpﬂnﬁbzﬁ

, accountability, and faimess in
a rithmic Et‘;m-mahng In industrial mnhaﬁ.
it ensures Al systems respect human rights, avoid
bias, and maintain user trust. Embeddi ttlmﬁl
principles from design to deployme
compliance, smﬂmmﬂﬂmwﬂtﬂm
ﬁtﬁtﬂlnalnllt!f of Al-driven operations.

in mdu-.:lnt operate rently, Fairly, and within
regulatory bounds. rsling-:larmmﬁﬁ;_ :
structures, inclusive decision-making, and complia:
with framewarks like the EU Al Act helps or

mitigate risk, build trust, and align mnovation with
societal values and legal responsibiiities,

EONARI
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LEONARDO Curriculum

Welcome

Module 2
Empowerment and Inclusivity

Module 1

Human-centric Module 3
Module 7

Educational toolkit

Industrial Empathetic and Social
Engineering Eorkplaces
and Management

_ Module 4
Ethical and Responsible

Technology Engineering
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Recommendations for a syllabus design

Learning objectives

Course content ﬂ To understand the vision-and principles af human-centerad factaries,

- T St e e human augmentation and empowerment, setially sustainable workplaces
and ethical/respansible technology engineering

P E ::ur. ;1u_1|:rﬂ:ﬁsrﬂ:ﬁ .ﬁ'I:J.'h n::-mmr-u Ut s § : - Coll e : -
ot U g Mo i el aadee PYIFEY 2 N 2 To apply emerging tachnologies in industrial settings by evaluating Al,
Dvaducticin ] E e TS R m‘mﬂ SvsTis i auﬁzma{:}qn, and human augmmmtiun to enhance capabilities,
:; Tmﬂmﬂmwﬁwwﬂm l productivity, and collaboration (human-human, human-robet, human-Al)
FeCiEAnty =i TR TR TR LT TR AT e 1 . - : - ;
; [ = rmiro\ s St s et Y S g | = while integrating emotienal intelligence and responsible technology
Ared ety YA it tirtppaivmdey, berneclanine snd usibiily ergresry R ]]FEL{._I] ces o ensure EﬂmﬂEiEI.Hf_E anc Iﬂﬁg—tﬂﬁ'ﬂ Eﬂﬂtﬂlnﬂhi”w.
' b Liflitg g and ielts deslogrvettt o High-tech peathot [on emdoememts 5 _ _ _ ] _
16 Humarc-centennd design for working 41 a distance 5 3 To assess and refine enterprise transfermation roadmaps by evaluating
23" | ittoGhariiin fis g et 1 SR e i ! ' strategic framewarks, technological integration, and ethical implications
23 Sotil wginsee|ei desigis thamny attd {iregiples P = : X
- 23 Sogal mogiriesting At SpIKEIANS 1) the workplace and sTart factres 3 to enhance organizational adaptability
" IME“.IEMHHH 24 Gavedlive A1 and Buressn -4 colfateration 10 e wisliplice < 25 i _
wteraction oy meﬂiﬂhﬂﬁwmnﬂumﬂnwﬂf&wmwm MLy 50 A ﬁ Io design and create factones of the future where the human element
{LAT 1 E ’ ' 5 . P % 5 - . 2
= E‘.r‘r;‘:'“r:“ z Euiﬁﬁih%.-ﬂtﬁﬁur x coexists symbiotically with the physical envirenment and technologies
- SuciEl sisbanlily and soiE utarsiup )
11 idrafueiion U ethar and regpoesin|s dedge a0 wie oF Lichealosy X -
33 et imehrationy of Human sugmeltati 3 Professional HEUI"EE of the future
-Ettneit ang 33 Ettecal aulits and risk ssescemnits 2 : .
Resplirsiile 30 Elbscal and haman-eanured i L Manager 5.0 Analyst 5.0 Operator 5.0
Technoiogy 35 DakarofiEcton workplens Siveilanceang privacy mindustral sy=ems i ' '
Splanivg f Hnrlljhnﬁgenﬁ_wmhv!rrﬁhrm;_ . " “ To develop analytical thinking, leadership and social influenca,
37 Etkesl governarge nd techhdilopy repulition, faimiess sid accountability i f - e -
38 ENal e saRiesaritive ety and irrol crs - creative thinking, self-awareness, technological literacy, empathy
B4 TasaStudy 1 {Empabrrneitl atid inckality 3 and active listening (as defined by the Future of Jobs Report 2025]
Cltbat Sbiklies 42 ChseStudy 2 (Ecnpathetc and Sotul besidctian) 1 9 3
A3 CaseStudy 3 Eihical and Fesomsinie Techroiogy Erginesnig 3
alai e — Teaching methods

A combination of interactive thearetical lectures, formative assessments,

and experiential learning approaches (project works) 1s recommended to
(et ) Mewifectrm foster critical thinking and prablem-solving skill. Students should collaborate
in interdisciplinary teams to tackle complex, real-waorld industrial challenges.
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Recommendations for a syllabus design

KEY EXPERT RECOMMENDATIONS FOR HUMAN-CENTRIC IEM EDUCATION
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

Com— [ e s B



Open Educational Resources for human-centric IEM

Lecture slides & business cases

Module 0 | Human Centred Production

0.1 | The LEONARDD Vision for Human Centricity >

0.2 | Introduchion to Human LCentred Production and Industry 5.0 >
0.3 | Human Lentred Design >

0.4 | Human Factors and Ergonemics in Production Systems »

Module 1 | Empowerment and Inclusivity

1.1 | The LEONARDO Visian for Inclusive Warkspaces and Empowered Operators >
2 | Inclusivity By Design: Diversity in Production Systems >

| Technologies augmenting physical and cognitive capapilities >
Anthropometiry, biomechanics and usability engineering >

Lifelong Learning and Skills Development in High-Tech Production >
Human-Centered Design for Work at a Distance >

1.3
14
15
16

Module 2 | Empathetic and Social Interaction

The LEONARDO V\lision for Empathetic and Scoal Workplaces =
Introduction to Social Engineering Design >

Social Engineerin ::F Design in the Workplace >

Generative Al and Human-Al Collaboration in the Workplace >
Emotional infalligence and empathy-driven Al systems in industry. 5.0 >
Explainable Al and trust in collaborative workplaces =

Empathy and social bonding in human-robet interaction >

Secial sustainability and social leadership >
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Module 3 | Ethical and Responsible Technology Engineering

The LEONARDO Vision for Ethical and Responsible use of Technclogy >
Introduction to Ethical and responsible technology engineering >

Ethical Implications of Hiuman Ausmentation and Enhancement >

Ethical Audits and Risk Assessments >
Ethital and human-centred Al >
Ethics of Data Collection, Workplace surveillance and Privacy in industry >
Well-being and Waork-Life Balance >

Ethical Gavernance and Technology Regulation, Fairness and Accountability >
Ethical design: Value Sensitive Design and Tarpt Cards >
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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 (Ettical and Responsible Technology Enginearing) >

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 _
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Group/team project examples

Human-centered design of Industry 4.0 technologies

A Smu;}fteam project where students apply human-centric design principles to Industry
4.0 technologies in a smart brewing system.

Download

¥

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

A group/team Elmje:t where students explore the implications of Al through HAX Design
Guidelines for Human-Al Interaction.

Download

Value-based engineering and responsible technology design with Tarot Cards of Tech
A group/team project where students use the Tarot Cards of Tech to brainstorm about
the consequences of applying technologies from an ethical parspective.

Download
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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 (inciuding user manuals)

LEONARDO Simulation-based Supply Chain Digital Twin available for free on
AnyLogic Cloud

Link fo 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/lecnardo >

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

|
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LEAF-based educational strategies

_—~ Educational Strategy #1:
2] Training through Factory-
in-Action Learning

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 Al-
supported tools, they make decisions with
tangible operational consequences. The
approach emphasizes cross-role
coardination, leadership under uncertaintc\r,
balanced human-A| decision-making, an
learning through iteration and reflection,
transforming students from passive
learners into active operators of complex
socig-technical systems.
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Educational Strategy #2:
Collective Intelligence:
Learning with/against Al

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

Students engage with Al as both a
collaborative partner and a critical

counterpart in solving manufacturing-
related problems within the LEAF
enviranment. Through alternating
cooperative and competitive scenarios,
they analyze digital twin simulations,
co-design solutions, and challenge Al-
generated recommendations. This
approach strengthens students'
understanding of Al capabilities and
limitations, enhances problem-saolving
and meta-cognitive skills, and fosters
responsible, ethical, and well-calibrated
human—Al collaboration.

LEONARDE

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

Pedagogical focus: Agile !Earnin[%
entrepreneurial mindset, interdisciplinary co-
creation

Scope: Leader/Innovator X.0

Students participate in challenge-driven
innovation sprints, such as design labs or
hackathans, where interdisciplinary teams
conceptualize, prototype, and validate new
technological and organizational solutions for
the LEAF environment. By leveraging Al, XR,
|aT, 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.

How to operationalize this?
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LEAF-based educational strategies

(%;] Operational Immersion to Train Operators 5.0
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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.

LA
HEIN

Four different
learning corners
for human-centric
factories of the

future
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LEAF-based educational strategies

(%;] Operational Immersion to Train Operators 5.0
ﬁ‘_n Fries e e L 1 iR : o

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

IOl O v 10 WOl ] THEMNOLOGTY TO SUMPORT THCHNOLOGY 1O TECHROLOGY TO SUMPONT NHCHNOLOGTY TO LW OR T
LIARNNG DY DO, PR EEFETITIVE TASES AVDID DTITRACTIONS AWARTMNLET AND FILFONLINLITY CONTINUOUS e OvT N
Am | doing right? Is the same beer? Did I1? How much is enough? Did | ruin everything?
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Collective Intelligence: Learning with/against Al WHAT WE DID

W W m h A customized version of the Beer Game where the

students play the role of the brewery manager

Y = e

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

genuine teammate Human Wirshiousa Factory Distributor Supplier
o Shared Decision-Makineg: /f Al is smarter, shoulan't it just i~- Available EEmUIEﬂF}” model :
decide for us? FE J ,%flﬂy lOgIE developed ad hoc in AnyLogic

* Transparency and Explainability: Are you using the Al
because you understand it, or because it gives you a quick

answer (blind trust)? Student teams competing indirectly on operational
* Shared accountability and traceability: How can a decision excellence and responsiveness
be ethical if no ane can be held accountable for it? * How many material bundles do we order from the
distributor this month?

¢ How many bottles should we produce this month?
e How do we report our performance to the market?
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In the game, Al use is limited, strategic, and across all these rounds,
the team may consult the Al a maximum of 5 times total.

The Al advisor is situationally intelligent.

Human-Al collaboration works only when humans develop the right
kind of trust. Not blind trust. Not zero trust. But calibrated trust -

trust that matches the Al's actual capabilities.

A Afns Ethical Al
o, I ﬁ*;i;m: 4""’ XY advisor
- . '! Py -
& R ﬂ;‘; %f.u, Unethical Al 2%,
€ & advisor =
- T e | _
%ﬁ\. . An Al advisor was assigned to the
5 teams but they did not know which one

LEONARDE

‘l'-'—'\-l A . i e EEETITTE - Il ‘-“'_—d]

firmmingy Qixtrildar

Lrror bonra Uhip semann

Ervrar b yorar msnagena| dacrnmTn
|presdortinms (rdeis - muinred prdeesd you rpislved i mamh

- . R




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

12 rounds simulated, 3-hour class with teams connected
remaotely with local facilitator
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Planning the 2™ edition of the international competition
for December 2026: —_—
want to join?

" = = Game resources are available
\ \lf j)) DOWNLOA open access for your review
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LEAF-based educational strategies

UNICAL students pitched their ideas at
LEAF Innovation Arena: Prototype, Pitch, Perform HUMANMADE+ 2026 in Cosenza, Italy

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

Task: Creating/updating the business model canvas for
learning factories e s (M 4B S

-II_' b wrginis s

Chan/e :.-".';';r:-.!m wer

HUMANMADE

Al | artiglanate
A lnmiazions = r.r:-n'l:ur.lnr

ViEnl a scoprirg coma tecnologie, sapere
e visionl stanpo trasformando | mestieri
i futuro dall’artigianata infzia gui.
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Stay in touch and use the resources

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

THE ARTCHITECTS OF FUTURE TRLENTS
open resources for < irivis s ETnE
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__Teacher's Handboo Classroom Resource Kit
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ERASMUS+ KA220 LEONARDO

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

Project coordinator |
Prof. Antonio Padovano - University of Calabria, Italy




