Open Educational Resources for human-centric IEM

White Paper on Human-centric Industrial Engineering and Management

PILLAR 3
Ethical 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 Al

Ethical and human-centered Al prioritizes
transparency, accountability, and fairness in
algorithmic decision-making. In industrial contexts,
it ensures Al 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 Al-driven operations.

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 Al Act helps organizations
mitigate risk, build trust, and align innovation with
societal values and legal responsibilities.

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 schedullng, 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.
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across production ecosystems. .
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Recommendations for a syllabus design

Learning objectives

Course content ﬁ To understand the vision and principles of human-centered factories,

human augmentation and empowerment, socially sustainable workplaces

T ——— T and ethical/responsible technology engineering

Human- Human-centricity: motivation and vision
4::.2 Introduction to Industry 5.0 hurmnan-centered production principles 2 i i in i i i i
E’?g;ir;?nn 03  Human centered design: theory and applications 2 16 - 2 To apply emerging technologies in |r)dustr|al settings by e_v_a_luatlng Al
0.4 Human factors and E'I'g'l:ll"lﬂlmif_ﬁ in pr,:,duc[ic,n E'I,FEtEI'I'IS & automatlon, and human augmentatlon tO enhance Capabllltles,
11 Introduction to inclusive workspaces and empowered operators 1 productivity, and collaboration (human-human, human-robot, human-Al)
o e e s sl oot ATl oo bR ot , while integrating emotional intelligence and responsible technology
Empowerment 1.3  Technologies augmenting physical and cognitive capabilities 3 5 5 ) ) ; .
and Inclusivity 1.4 Anthropometry, biomechanics and usability engineering 5 practices to ensure compliance and long-term sustainability.
1.5  Lifelong learning and skills development in high-tech production environments 5 ) . . .
1.6  Human-centered design for working at a distance 5 ? To assess and refine enterprise transformation roadmaps by evaluating
217 FInfroguction'tn empathehe and so08 warkplaces . strategic frameworks, technological integration, and ethical implications
2.2 Social engineering design: theory and principles 2 . . .
£ heti 2.3 Social engineering design: applications in the workplace and smart factories 2 to enhance organlzatlonal adaptablllt\/
a%pggczllt 2.4 Generative Al and hurnan-Al collaboration in the workplace 3 25 &
S 25  Emotional intelligence and empathy-driven Al systems in industry 5.0 ‘ ﬁ To design and create factories of the future where the human element
2.6  Explainable Al and trust in collaborative workplaces & : C : : : :
27 Empathy and sacial bonding in human-robot interaction . coexists symbiotically with the physical environment and technologies
2.8  Social sustainability and social leadership &
3.1 Introduction to ethical and responsible design and use of technology 1 . .
3.2  Ethical implications of hurman augmentation 2 Professmnal flgures Of the fUture
Ethical and 3.3  Ethical audits and risk assessments 2
Responsible 3.4  Ethical and human-centered Al - = 4 Manager 5.0 Ana/yst 5.0 Oper ator 5.0
Technology 3.5  Data collection, workplace surveillance and privacy in industrial systems & . y 2 : J
Engineering 36  Well-being and work-life balance - ) i To develop analytical thinking, leadership and social influence,
.7 [ Ethical governance anc technoclogy regusation, felmess.anc accourtailioy : creative thinking, self-awareness, technological literacy, empathy
3.8  Ethical design: value sensitive design and tarot cards & . . : L
41  CaseStudy 1{Empowerment and inclusivity) 3 and active listening (as defined by the Future of Jobs Report 2025)
Case studies 4.2 Case Study 2 (Empathetic and Social Interaction) 1 g 3
4.3  Case Study 3 (Ethical and Responsible Technology Engineering) 3

Teaching methods

A combination of interactive theoretical lectures, formative assessments,

and experiential learning approaches (project works) is recommended to
@ S foster critical thinking and problem-solving skill. Students should collaborate
in interdisciplinary teams to tackle complex, real-world 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
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Pedagogical framework

Pillars
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Pedagogical framework

Can students create a new product or point of view?

L
c re at| ng * They would be able to assemble, construct, create, design,
dovalop, formulate, write, or invant,

Bloom's

Taxonomy

Can the studont justify a stand or decision?

H « To evaluate information, a student might:
Eva I u atl “g * appraise, argue, defend, judge, select, suppon,
value, and evaluate,

Can the student distinguish between the different parts?
An al zi na: They would be able to compare, contrast, criticize,
'_V g ®  diffarantiate, discriminale, distinguish, examing, axparmeant,
fuastion, or test,

Can the student use the information in a new way?
A l i na: They would be able to choose, demonstirate,

pp y g *  dramatize, employ, illustrate, interpret, operato,
skatch, solva, use, or wrile.

Can the student explain ideas or concepls?
« Thay would ba able to classily, describe,

Understandi NG discuss. explain, identty, locate, recognize,

report, select, ranslale, or paraphrase,

Can the student recall or remember the information?

Re mem be ri ng = They would be able to define, duplicate, list, memarize,

recall, repeal, reproduce, or state.

— @ N SRR
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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 O module and recur as prerequisite knowledge throughout the other pillars.
e |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]
e |LO 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]
e |LO 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]
e |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]
e |LO 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]

.f'..Eit-._ Manufacturing
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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]

.f'..Eit-._ Manufacturing




Open Educational Resources for human-centric IEM

Curriculum mapping

SONAR

Soft Skills Enhanced

Pillar

Sub-Topic

ILOs  DER Suggestions Hard Skills Enhanced

PILLAR 0: Human-Centered Production | Module 0: Foundations of Human-Centric Industrial Engineering

1.1 The LEONARDO Vizlon Lttt Slighed o intngductony vided; LEQONARDD propoct facteh ead Gengral Systems Theory ICT | Communication. Creatisty

I 1
for Human Centricity 2 ' and visson docement; European Comrmissian Industng 50 repard fimtroductory | Life-inng Learmung
1202 Y] In-chans disciissson what foes human-cenird mean o you !
1.2 Intreduction to Lettwre slides; EC Industry 5.0 White Paper: Comparative General Systems Theang; Critical Detmion Making
Human-Contored Lo 1, infographics (4 O we 15 00 Short wdes: evaluban of industrisl Factory / Process Probem Soilvng
Production and m“w ; | jraradgrms, Yomulaton [concegtual L grmmunic sEon
pillar O Human- 5.0 Dndit guie (M entemeter) bntradug iany
AINESTI Em - 1.3 Human-Centered WO 2 Lecture slithed an HECD prinpiples (IS0 924 1-210); Case studses: HLD HMI Design; Human Creatanty; Problem Sobving
n'l'ld'll'l 3 4 ; in autamotreir and (ood produchion, Disign tRinking workshop Sumulation; CAD Madelling nfburevenets & Diner 3ty
' achivity; Viguad aids [process maps, amipaknyg mapsl (inEraductory) R @ivamy Fiedbadhk
1.5 Human Factare and Lt slithird an physcal and cognitive icgonmmics; Erponamics Prhysical Ergongmics; Froblem Sakg: Crnbeal
Efm-ﬂ'lk'l-lﬂ Production Lo 3, sbmndardy S09341 series, EN G14]); RULA/REBA assessment tool l,:-.'_lﬂnurll.n:l Erganamics; Decrlon Making, Retponidabty
fl"ﬂ“l'n.l &, 5 dermanatration: LEAF shaplloar walkthrough Beéor wirfuall, Growp i A ST g Ly T

FoRrcise: prganome nek identilscation ot a briewng workstatson

PILLAR 1: Empowerment and Inclusivity | Module 1: Inclusive Engineering Design and Empowered Workforces

2.7 The LEONARDO WVision
for Inclusive Workspaces L0,
and Empowered Operators B

Listture shithers « LEONARDLD wison nden; EU Desahihiy Strategy
2021=2030 Factsheot; Testimonaal videas fram inclusive
manulacturing companies; In-class desoussion: barriers 0 inclusion
T '.r|n|:-fln-u|

2.2 Intlusivity by Design:

Lectine i on Wanerssl Desgn (0 ponciplesk Case studios

Diversity in Production IOG,  inclushve workatation design in automotve and food industras,

Systems 7 Brainstarming activity: UD prindipbes apgited to the brewing LEAF,
I|'|rn-|.:r.1|:-la--| 4 on warkharce diversfty stabanes

@ Wanufacturing

Husman - Mathenae Interface
Design

CAD Modeling. Husman
Shmulaton; Phyeical
Ergonamacs

ing Iy & Dy
Lammurni ayboen Lite- I':'":F:

L AT

Craxtnaty, Inclusrseness &
Diveraity, Team Work &
Leaderuhip Skl Problem
Skt
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Curriculum mapping

Plitar 2 Empathetic &
Soclal Interaction

Sub-Topic

2.3 Technologles
Augmenting Physical and
Cognitive Capabilities

2.4 Anthropometry,
Biomechanics and
Usability Engineering

1.5 Lifelong Learning and
Skills Development In
High-Tech Production
Environments

3.1 The LEONARDD Vision
for Empathetic and Social
Waorkplaces

3.2 Intreduction to Social
Engineering Design

3.3 Soclal Engineering
Design in the Workplace

@ Wanufacturing

ILD=

Lo 7,
B

IL) &,
&7

Lo &,
8,23

o1,
11

iLg 11,
12

ILO 12,
13

OER Suggestions

Lecture slides on &AL, exosheletons, ARSR, cobats; Live or video
dernonstrabons of assistrer bechnologies: Interactive technologys
ranking group actvity (match Wechnodogy to user nedd]; Literaburs
tase studies an inchesve manulactunng design

Lecture slides on anthropometric data and population percentides;
Degital human medelling saftware demanstrateon le.g. MCK,
DELMIAY Ulsihality testing protocel (heurstic evalealian) LEAF

wirkstabian meéasurement coerce

Lectura slides on upshkilling, reskilling and T-shaped competences;
EL Skilis Agenda factsheet; Case study: contineous learming
programames in brewing and manufactunng SMEs; Reflective journal
prampt: personal skills development plan

Lecture slides + LEOMARDC wision yidea; Reading: Industry S0 .and
the Hipman in Human-Cantric Manufacturing (Briken et al, 2023k
escussion prompt: what does empathy ook like in a factory?,; In-
tlasgs refloctive achivity

Lecture slides on social engineenng in societal and workplace
contexts; Short videos on H2H and HZM dynamics; Nokes and
reading list [psychology of socal influence]: Dnline discussion forum
ackviby

Case studws: HCD appled to collabiorative manufactunng sysbe ms;
Role-play exircisd: rediszgning a brewing warkstation for social
inthrsion: Hands-on LEAF-based team sessian; Publeshed
framewadks (150 924 1-210, Valee-Sensitiie De<ipn)

Hard Skills Enhancad

Bugmented Reality; Virtual
Heabty; Human-=Rolot
Coflnboration; Smart
Systerns f Sensors

Physacal Ergonpmics;
Cagnitive Ergonomics,
Human Semulation; DIE-.‘tﬂ.

Twins

ICT; Allintroductony
AwErENesg)

PILLAR 2: Empathetic and Social Interaction | Module 2: Social Engineering Design and Human-Al Collaboration

Human Smalation

Human Simulation; Human-
Machine interface Design

Human-Rabot
Colfpbhocabon; Human-
Maching Interface Design;
Prysical Ergonomics;
Cognitive Ergonomics:;
Human Ssmulation

SONAR

Soft Skills Enhanced

Critical Decision Making: Team
Work & Leadership Skills
Crxafieity; Receiving Fepdbadk

Prablem Sabeing; Life-Cycle
Thinking: Critical Dhecision
L'...1Iu|:.l13_ g hsneness &
Cingersity

Life-long Learmning: Supénssony
& Orpanzanonal Skilks;
Respansibiliby: Team Waork &
Leadership Skilks

Emational Intelligence;
Communscatian; Life-kong
Leamning

Commumication; Emotional
intelligence; Inclusieeness &
Diversity; Creativity

Superwiony & Organizational
Skills; Team Wark & Leadershap
Skills: Recenving Feedback;
Lvwing Feadback
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Curriculum mapping

Pillar 3 Ethical &
Responiibie

Sub-Topic

A4 Genorative Al and
Human=A Collabaratbon in
the Workplace

1.5 Emotional Intelligence
and Empathy-Driven &l
Systems in Industry 5.0

3.6 Explainable Al and
Trust in Collaborative
Workplaces

3.7 Empathy and Social
Bonding in Human-Robot
Interaction

3.8 Social Sustainability
and Social Leadership

&.1 The LEDNARDD Vision
for Ethical and

@ Wanufacturing

ILDs | OER Suggestions

Lecture shdes on GenAl LLMs, and coplbat syatems in
manulscturing LEONARDO LEAF Service &) Using ChatGPT far

:L: b diabepuing with marc hines {hands-an); Published case studies on
Human=Al tramang, Dhermd: Bl -ausmated pracesi mondarng at He
brewing LEAF
Lecture shides on emotional ntelbgence [Galeman framewark] in

IO 11, manulfatturing contexts: Reading: Towasd Artificoal Empating fos

15, 18 Human-Lentered Design (S & Lua, 2023); Lase study affective
camputing and aperatas manitorng systems: Reflectye pxarcse
mapping emobonal states to production astcomes
Liecture alides on XAI methods (LIME, SHAP) in produdtion conteity

IO A, LECHARDD LEAF Servioe 3 Al-ponvirsd labal ingpection =

16, 21 explainabdio Al activity; Reading: Explainabda Al inindastrial

appbeations; Group debatie: when should workers override Al

A iipng?

Liecture slides on social robotics and affectes HRL Videa
ILG 13, demanstrations: cobot interadteodn in automotwe and Brewing
15 wettmgs; Reading: Empathy and social banding @ HR {Maksuora,
2023); Hands-on LEAF cabot inberaction ackivity

Liecturd shidef on socil suttainability Frameworks and socal
Lo 19, Ieaderihip modils; Case ftudy: Steltantis / STMicroelectranics
workbarte Eransformatsgn; Group project: sodual leadership action
i s plan g a LEAF-based scenarsd;, Reading Word Econtimic Foriam

L0246 = Warkers' Insights aon Niew Technology

il 4, Lecture shdes « LEONARDD vision video) EC Indusiry 5.0 report
17 pthical technolagy section; Reading Value-oriented and ethical

Hard Skills Enhanced

Al Hurman-Machine
interface Dosign, Smart
Sysberms § Sensars;
indlusitrial intwrrat of Things
{laT)

Al Hurman Samulation
Hyman - Machme Interdace
Uesign

Al Salwty & Cyber Securiby;
Digital Tweires; Smart
Syatema / Sensars

FHuman - Rabot
Coltaboration; Robotic
Simulaton; Homan
Slrmialation

Factory / Prooas
Simulation

PILLAR 3: Ethical and Responsible Technology Engineering | Module 3: Ethics, Governance and Responsible Innovation

L thars

SONAR

Soft Skills Enhanced

Creatanly, Ll Defrisnn
Makang L|fr-1l}."g Lirarmsng
ProdiEm :_'p.;]lp.l"'IE

Ematicnal intellgende
Commumcation, Hespontblity,
ving Feedbacs

LR &l D s '.l'.,'|l:."|I
Responuibility;, Communication
Tiam Work & Leadership Solig

Emabimrual intellgende; |aam
Whark & Leadership Sl
Crmataniy; Hecenmng Feediadk

Supsndsary & Drganizational
Shilly. Team Work & Leadership
Chils: ing bussviniis & D 3y,
Lifg=id0g Larming.

L armamuriic T

Hespanubiby, Communadatan,
Lie -ld"lﬂi Leamneng
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Curriculum mapping

Technalogy

Engineering

Sub-Topic

Responsible Use of
Technology

.2 Intreduction 1o Ethical
and Responsible
Technology Engineering

&.3 Ethical Implications of
Human Augmentation and
Enhancemaent of

Workplaces and
Technologhes

& Ethical Audits and
Risk Assessments

4,5 Ethical and Human-
Centered Al

&6 Ethics of Data
Collection, Workplace
Surveiilance & Privacy in
Industrial Systems

&7 Well-being and Work-
Lile Balance

ILOs

a7,
gl

o7,
e, 22

iud 16,
i

uo 24,
21

o 18,

v s,
17, 24

OER Suggestions

technology rllglnllr-rlnr.-ll_nrlgn, Padovana & Umbealkg, 2020}

hafussion what ebhical challenges arise o smart BrevweadiegF

Ligiude Sidhes an ethalal thaories (ubihtarianssm, desntodogy, virfue
ithicsl; Deoumentary £ TED Talk chps on technology ethics
dilirmmas; nmgduchong |I?'-'|l.'.|||'-H!-‘-.|C. ln=class ethical ddamma

wfenane cards

Lacture shdies an exoeksletons, brain-computes intorfaces, AR

awrr Ly o praduction; Case study ethegal risks ol worker
aldpmentalsnn in auwtomotive ssembly; r.illl':lﬂl dirrate: unhaniament
Wi intrusian of workier sutonomy; Reading: Humen-(entng 2era-
dateft manutacturing

Ledture shdes an ethacal resk Frameworks and audit methodalogy;
Cxhscal mudet chachint templati {projict deliviraldio) Rk regaber
euertine applied to the LEAF briwing protess; ACMAEEE Code of

Evheps ot rpferente standonng

Limiture sladies an EUVALAcE, human-in-the-laop systems, Al fairness
LEONARDD LEAF Serwce 3: Al-powered quality smapection (ethics
perspective), Reading: Etheal and human-centerad Al in

manhulacturing; Case sty baas in Al-driven quality control systams

Lo iure aldien on GOER, data minimization, and workir pravacy
rijihits; Case study: sensod-hased perfarmance manitaring in
Brewpdsrs and imphcations for worker dignity; Rode-pliy; data
cantrolbir v, wirker advodate nogotiation axercise; EU GDPR

H':-':I]l.ﬂl-ﬂ N ExEract

Lt iure sldles an piyehologsal and physical well-beng in
manufacturing (WHO frarmawork), LEONARDO LEAF Service 1
M aible simulation-based shift planning activity; Reading: WEF 2064

Hard Skills Enhanced

Ethics; Safety & Cyher
SNty

Human-Robat
Coflaboration; Augmented
Raality; Smast Syatems /
Sensorg; Ethics

Safety & Cyber Securiby
Factary ¢ Process
Semubstian; Digital Twins

Al Digital Tiine; Safety &
Cybir Sacurity

Safety & Cyber Securily
industrigd Inbernat of Things
{laT); Smart Systems /
SRS

Factary / Proteds
Smulation; Cognitive
Ergonamics

Soft Skills Enhanced

Crtical Dwemuaes bk i
Fesponsbity, {ommuansation
Life-dang Lsrmong

Lzl D meomn Aaong
R porrsibdity: Inglusaeniss &
Dwiwraity; Communsgation

Critical Decimian Making
Respansibddy; Entreprsnsunal
Thankeng: Life-Cyche Thinkeng

Critical Deciskon Makng
Husponsibdity, Createety

I': D Ene 3 Lo

Hisparitbdity, Lominsanss 3o
Critic gl Dedrsion Malang
InE IusigeneEt s & Doy ity

Ematanad intellgenge
Reaporsibdity. Life-Cyche
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Curriculum mapping

Sub-Topic ILO0s OER Suggestions Hard Skilis Enhanced Soft Skills Enhanced
= Warkmd’ Ingrehts on New Technalagy: Rodlee e journal peesonal Thinking: Supersisong &
and organizational well-Being audik f_l'!H-1I'|H.'.L1.I1|'I.'||:',':||I:I"'|.
&8 Ethical Governance Liccture shdés on regulatory framisworks [EU Al Act, Digital Senved Calely & Cybor Securiby; Al Crtical Decision Making
and Technology e Act, 150 26000); Case study: corporite accountabskty in Al Depital Twins Respontsbity; Entrepréneunal
HIIHIIHEI'I-.. Falrnoss and L0 18, ideployment i manufactuning Reading: Ethical Governance and Thinking: Coammunmscation
ﬂl“ﬂlﬂ“bum I w3 Technology Hegulabon [WPY referencol; Group analyss: evaluafing
TIIHI‘IMHIH ﬂl'ﬂFﬂ'ﬂI‘ﬂlHI famness and accountabdity ima renl & prodoect recall
&.9 Ethical DI‘I|I!I'II Value Letture shdes on Value Sensitive Design (0S0) methaodaelogy and Depital Twins, Srmarg Crpativity) Life-Cyche Thankong
Sensitive Design and Tarot "0 30 Provaty by Dewgn; Tanot Cards of Technology desdgn toal (hands-an  Sysltemns / Sensors; Al Respansidnlty, Entropreneynsl
Cards 23 H-I wotlihop activity], Putilished V5D case studies in manufactunng and Ethies Thinking: Critigal Deciuon
: et sysbers; LEAF dosgn |:I'..1II-|I|'||.|.41 anly WSO o a0 Making
deplonyrmidnl SOFNAND
L]
— Manufacturin
] d
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Lecture slides & business cases

Module O | Human Centred Production

0.1 | The LEONARDQ 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
The LEONARDQ Vision for Inclusive Workspaces and Empowered Operators >

LEONARDEE

Module 3 | Ethical and Responsible Technology Engineering
The LEONARDOQ Vision for Ethical and Responsible use of Technology >

W
RN

Introduction to Ethical and responsible technology engineering >
Ethical Implications of Human Augmentation and Enhancement >

Ethical Audits and Risk Assessments >

Ethical and human-centred Al >

Ethics of Data Collection, Workplace surveillance and Privacy in Industry >

Well-being and Work-Life Balance >

Ethical Governance and Technology Regulation, Fairness and Accountability >

Inclusivity by Design: Diversity in Production Systems >
Technologies augmenting physical and cognitive capabilities >
Anthropometry, biomechanics and usability engineering >

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

Al =
QU WIN|—

Module 2 | Empathetic and Social Interaction

The LEONARDQ Vision for Empathetic and Social Workplaces >
Introduction to Social Engineering Design >

Social Engineering Design in the Workplace >

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

Empathy and social bonding in human-robot interaction >

Social sustainability and social leadership >

NJINIISTINTINTINTINTIN
N U WIN =

E‘It Manufacturing
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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

A group/team 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 project 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 perspective.

Download

P
(eit ) Manufacturing
Ve’



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

Open Educational Resources for human-centric IEM & E@ NARD

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 | B =
AnyLogic Cloud e
Link to the web app > | LEEQINARIDER

Simulation-based Digital Twin
Bear Distribution Gasmo

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

LEONARDC Beer Distribution...

&

Open source dataset of beer bottle images available on official & Antonio Padovano P 12k W s
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
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LEAF-based educational strategies

Educational Strategy #1:
Zops] Training through Factory-
iIn-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
coordination, leadership under uncertainty,
balanced human—Al decision-making, and
learning through iteration and reflection,
transforming students from passive
learners into active operators of complex
socio-technical systems.

.f'..Eit._ Manufacturing

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
environment. 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-solving
and meta-cognitive skills, and fosters
responsible, ethical, and well-calibrated
human-Al collaboration.

LEONARDEE

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

Pedagogical focus: Agile learning,
entrepreneurial mindset, interdisciplinary co-
creation

Scope: Leader/Innovator X.0

Students participate in challenge-driven
iInnovation 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 Al, XR,
loT, 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
R

*— Factony-in-Action Learning

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., e

HumanzCenteic
Nssistancels)
WorkiDesign
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For faiinl-Slithmated
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I

Enalileng intuitiee and

¥ ke control,
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of automated hreadng
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hanman-machine interacticn

Collabad 3t fof fedpanible
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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
R

=

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

D B ® @ @

TICHROLCGEY TO WU PPORT TICHMDLOAY TO UFPORT TECHNOLOGY TO TIOHNOLOGY TO SLUPPORT TICHSNOLOGY TO SUPPOaT

LEARNIRDG BY DOUNG (RON-BEPFITITIVI TASKE AVOID DISTRACTIONS AWARTNTLS AND RTPFONLIRILITY CONTINUOUL 1EMEOYTMIENT

Am | doing right? Is the same beer? Did 1?7 How much is enough? Did | ruin everything?
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TR | == S i b | it Peedil & i ARl kA - Higit Coanrnir el P il 1 il 1 i | i LB |
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LEAF-based educational strategies

Collective Intelligence: Learning with/against Al WHAT WE DID

mﬂ hiﬂmlnﬁﬂi G@Iﬁb@ﬁmﬁ ﬁn A customized version of the Beer Game where the
international mmm students play the role of the brewery manager
— n CEN

Objective. Understanding ||I I :

the ethical impact of Al )
from being a tool to a C"”ab""a“"':
Warehouse Factory Distributor Supplier

nearly full-fledged
genuine teammate Human

Available simulation model

ision- ing: If Al houldn't it
e Shared Decision-Making: /f Al is smarter, shouldn't it just develaped ad hoe in AnyLogic

decide for us?
e Transparency and Explainability: Are you using the Al
because you understand it, or because it gives you a quick

A anylogic

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

distributor this month?
e How many bottles should we produce this month?
B ) e e How do we report our performance to the market?
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LEAF-based educational strategies

|
@ Animation > 2 Statistics > @ Description> [|| © Restart model >

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. . — e ——

Sroen, - any - O - & e
..-: — — e, — — [\/}
i sasany TSty Potact E
o ey el 3 order _r EEEEEEEESE EETTEETTESE NN EETEEEEEEEEEEEETEETIEREE
&

The Al advisor is situationally intelligent. L | [——— (e —

i i | % e il
Human-Al collaboration works only when humans develop the right S| eded ¢ Cgemesn o emdesi g o
kind of trust. Not blind trust. Not zero trust. But calibrated trust - e = i S e | e
trust that matches the Al's actual capabilities. il = = e = e
AN /g an Ethical Al E——————
advisor s ] [ el

U n Et h i ca I AI [ 1 ( ~ Retailer Brewery Distributor

advisor ?

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

Enter here your managerial decisions Enter here the demand

(production orders - material orders) 2 you received this month

Enter heve the declsions you mode alone or with the support of the AN odvisor.

B Reduce brawing time by 50%
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LEAF-based educational strategies

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

. 2 3
] i
§ 1 ANALYZE INTERACT & CHOOSE
e . g__l
g | : @ Look at your [’é].t Engage with ﬁﬁﬁ Make your
E | : _— performance in the J the Al advisor managerial
a5 1 simulation round foptional] decisions for
g ' : the next round
= E s
R TE"
- 16 5 Ll
) SIMULATE TRACK
—— o 1l — =
Each round (1-6) E’-l Receive new demand E Track your decisions = Q.
must be completed _— data and run new for post-hoc analysis -
in max 5 minutes simulation round

Planning the 2" edition of the international competition

for December 2026: = = o
want to IOIII.
Game resources are available
DOWNLOAD open access for your review



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

LEAF Innovation Arena: Prototype, Pitch, Perform

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

LEONARDEE

UNICAL students pitched their ideas at
HUMANMADE+ 2026 in Cosenza, Italy

Visit https://www.uss-lab.it/humanmadeplus/

- L1
= I||“ A | ﬂ .HEE GHERIL []IMH} L.. I'n.rrrl.u_ q-num
ALABRIA  EGESTIDNALE ke

ool o proeim
4 REGIONE

30 Gennaio 2026

HUMANMADE *

Reimmaginare |'artiglanato nell'era della
simbiosi tra innovazione e tradizione

[ Bl (-] Willa Rendano, Cosenza

Vieni a scoprire come tecnologie, sapere

e visioni stanno trasformando i mestieri:
il futuro dell’artigianato inizia qui.

SCOPRIIL PROGRAMMA
e REGISTRATI SU

https:feraneruss-labit/ humanmadeplus?

o : INGRESSO GRATUITO | POSTI LIMITATI
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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 (Al,
digital twins, HRC, ergonomics, loT, 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.

Bdaptability and
Curriculum Agility

Critical Thinking and
Analytical Reasoning

Ethical Judgment snd
Respon<ible Practice

Technological Fluency
and Continuad

Upskilling

Inmnouative and
Experiential Teaching
Methods

Interdisciplinary
Cormmiunbeation

Collaboration and
Community of
Practice

Commitment bo
Lifelong Learning

Empathy and Human-
Centered Pedagogy

e i
Hoghiest

i o i
Heghiest

W W
Hoghiest

W W
Heghiest

L )
Uery Hign

oW
very High

o e
uery Hign

bl
Hegh

W
Hegh

LEONARDEE

Industsy 5.0 technologes a<e evolvng faster than currculum sevew oycles.
Educators wha cannat adapt their cantent i real time will systematically

undes-prepare ther students.

Bs Al and automation take over routne technlcal tasss, the premoum placed on
numan reasaning, judgment, and mterpretive intelligence grows. Educators
must deselop this capacty explotly.

Emerging regulatony frarmmewarks (EL Al Act, GOPR, digital product passports)
are making ethics 2 prafessional obligation for engineers. Educators wha cannot
teach apphed ethics will produce graduates unfit for complance requeements.

Educators wha lase contact with the technological franties cannot teach it
authentically. Continuous upskiling is a professional ool gation in the Eduforce
2.0 cormmuniby.

The passive lecture farmat is insufficient for developing the human-centric,
sociatechnical competences demanted by Industry 5.0, Actve, LEAF-based,
experential methods are the primary pedagogical vehicle for Eduforce 5.0.

Future factories are mult-disciplinary enveranments. Educators wiho can madel
antd rewart oross-discalinasy thinking produce graduabes who can nasegate
theEme

The Eduforce 5.0 s defined as a comimun ty. Its callective intelligence and
shared resource base multiplies the effectiveness of each indwidual educatos
geyand what any individual cam achiese in isalation.

Mocelling lifelong learning s both a pedagogical strategy and a professional
3L Students wihd abserve educatars who ocanfinde ta ez are more Fely to

adopk the same poshure.

Bs H-IEM expands to include well- saing, inclusivty, and psycholegical safeby as
EMZEerng OonCems, sducators who practe these values intheir teaching are
the mast credible carriers of the MeESSa@e.
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Stay in touch and use the resources

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

LEONAR

THE ARCHITECTS OF FUTURE TALENTS
open resources for o =G rE EGn TETIES
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Teacher's Handbook

The LEGRARDO '--.-?-:H-"n HarsBook & ihe capshors soutabor rescance, consoldasng
il progech resuite, best oo, Bndd Reachey rempmimaendaion info @ wangis
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Classroom Resource Kit
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https://www.uss-lab.it/projects/leonardo/

ERASMUS+ KA220 LEONARDO

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

Project coordinator

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

=



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