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1. Introduction

Project partner organisations

and its profile 

Short summary about the project’s 

objectives, milestones and results
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1. Project FactCheck

Skills Survey of 150 companies

Outcome: two documented analyses on skills demand in 

occupational profiles in metal and electro sector

Analysis of an occupational profile

Curricular adaptation of survey results in two relevant 

professions 

European Training Module 

Training for VET teachers and workplace trainers in terms of 

innovative learning strategies, tools, and contents

Tools case for digital learning

Integration of innovative and/or digital tools for VET in schools 

and in companies 

Networking

Participation, feedback and evaluation of project steps according 

to industry’s demands

RESULT 1

Company survey

RESULT 2

VET specified report

RESULT 3

Train-the-trainer

RESULT 4

Digital JODALab

constantly

Pre-research: professional 

skills and labour market 

Networking: á 30 companies

Occupational profiles in two 

professions 

Learning platform

Updating, sharing and 

communication platform

Companies in metal and 

electro sector 
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1. Occupational profiles
Mechanical and production engineering

Metal production

Automotive, aeronautical and 

shipbuilding engineering 

Metal construction and welding technology

Electrical engineering

Mechatronics and automation technology 

Power engineering

Skilled workers monitor – Pilot region in Germany, November 2022
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1. Occupational profiles
PREARRANGEMENTS 
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Electronics 

technician for 

industrial engineering

Electronics 

technician for devices 

and systems

Industrial electrician 

for devices and 

systems

Industrial electrician 

for industrial 

engineering

Machine and systems 

operator

Industrial mechanic

Mechatronic engineer

Tool mechanic

Specialist in metal 

technology



1. Occupational profiles

Methodological expertise

Learning capability 

Professional qualification

Human 

Resource

Live-long learning

Informal skills, capabilities and expertise 

Qualification

Communicative competence

Interpersonal skills

Individual capacity

SOFTSKILLSKNOWLEDGE
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1. Company survey

Name, country, profile

Company information

Ownership, Company structure, economic 

and labour characteristics

Extended view

Advanced qualification, most wanted

profiles and skills

Current demands

Requirements to human resources: trainer

and students

Adaptation in VET
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1. Company survey

Company feedbacks:

National overview

Appropriate analysis:

EU-wide comparison

Germany 

40 30 3532 05

Poland Greece Spain 

31

Bulgaria 



1. Company survey

Reports on skills demand in occupational profiles of metal and electro sector 

Skills shortage, skills development and 

occupational specific tasks

M&E

EU-wide context

National Overview

2. Steady state of labour market

1. Introduction
Concept, known properties, feedback 

overview and Evaluation

5. Summary and Recommendations

4. Outcome

3. Methodology and Analysis0. Abstract
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2. Skills demand: Survey

Name, country, profile

Company information

Ownership, Company structure, economic 

and labour characteristics

Extended view

Advanced qualification, most wanted

profiles and skills

Current demands

Requirements to human resources: trainer

and students

Adaptation in VET
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2. Skills demand - Survey

Name, country, profile

Company information

Ownership, Company structure, economic 

and labour characteristics

Extended view

Advanced qualification, most wanted

profiles and skills

Current demands

Requirements to human resources: trainer

and students

Adaptation in VET
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2. Skills demand - Survey

Ownership, Company structure, economic 

and labour characteristics

Extended view

Name, country, profile

Company information

Advanced qualification, most wanted

profiles and skills

Current demands

Requirements to human resources: trainer

and students

Adaptation in VET

0 20 40 60 80

Occupational or professional…

Accounting Department and…

Research and Development

Management

IT and Data Processing

Customer service

Marketing

Human Resources department

Manufacturing and Production

3. Your function in the company 

0 20 40 60 80 100 120

Yes

No

Other

4. Have you ever offered vocational education 
training or coaching in professional skills?
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2. Skills demand - Survey

Ownership, Company structure, economic 

and labour characteristics

Extended view

Name, country, profile

Company information

Advanced qualification, most wanted

profiles and skills

Current demands

Requirements to human resources: trainer

and students

Adaptation in VET

0 10 20 30 40 50 60

Local

Regional

National

Within the EU

Worldwide

5. Alignment of business

0 10 20 30 40

1-9 employees

10-24 employees

25-49 employees

50-99 employees

100-249 employees

250-499 employees

500-999 employees

1000-2499 employees

More than 2500…

6. Number of employees 
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2. Skills demand - Survey

Ownership, Company structure, economic 

and labour characteristics

Extended view

Name, country, profile

Company information

Advanced qualification, most wanted

profiles and skills

Current demands

Requirements to human resources: trainer

and students

Adaptation in VET

0 10 20 30 40 50 60

Local

Regional

National

Within the EU

Worldwide

5. Alignment of business

0 10 20 30 40 50

25-29 years

30-34 years

35-39 years

40-44 years

45-49 years

50-54 years

55-59 years

 60-64 years

No date

7. How old are your employees on average?  

0 10 20 30 40 50 60

Further education (Technician or Master – corresponding to EQR Level 6)

Advanced training (tasks-specified)

Professional Training in integrative competences: f.e. project…

Additional occupational skills

Getting professional qualification (EQR 4)

Other:

9. What training services are offered or can be provided by your company?
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2. Skills demand - METAL

Advanced qualification, most wanted

profiles and skills

Current demands

Name, country, profile

Company information

Ownership, Company structure, economic 

and labour characteristics

Extended view

Requirements to human resources: trainer

and students

Adaptation in VET

0 10 20 30 40 50 60 70

Industrial mechanic

Machine and systems operator

Mechatronic engineer

Specialist in metal technology

Tool mechanic

10. What are the most wanted occupational profiles in your company? 
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2. Skills demand – METAL

Advanced qualification, most wanted

profiles and skills

Current demands

Name, country, profile

Company information

Ownership, Company structure, economic 

and labour characteristics

Extended view

Requirements to human resources: trainer

and students

Adaptation in VET

0 10 20 30 40 50 60 70

3D printing: programming, printing, postprocessing

CAD Programming, e.g. SolidWorks

Operation on CNC machine tools

Computer-aided manufacturing (CAM)

Robotics, robot handling and automatisation

Operation of machines and tool for precision…

Engineering detail drawing

Proper use of technological equipment for…

Diagnostic tools and software

Defect analysis and repairing machines and…

Mechanical and electrical installation (including…

Virtual reality learning

Using augmented reality tools on-the-job

 Sensibility for cybersecurity

Internet of things on manufacturing

Digital mindset while VET training

11. What occupation-specific tasks are the most relevant in metal and 
electro industry within the next 5 years?
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2. Skills demand - METAL

Advanced qualification, most wanted

profiles and skills

Current demands

Name, country, profile

Company information

Ownership, Company structure, economic 

and labour characteristics

Extended view

Requirements to human resources: trainer

and students

Adaptation in VET

0 10 20 30 40 50 60 70 80

Physical ability and bodily strength

Dexterity, manual working

Articulate native or foreign language…

Calculation and computation…

Gathering and evaluation of information

Creativity and resolution

Social interaction

Training, teaching and coaching

Management and coordination skills

Machines and tools operation

Competent using of information and…

Interdisciplinary Teamwork

Tast management, process…

Working in reference to engineer…

Autonomy

Routine

Mobility

Flexibility

Time management

12. What professional skills are needed to work in a steady 
high quality? 
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2. Skills demand - Survey

Name, country, profile

Company information

Ownership, Company structure, economic 

and labour characteristics

Extended view

Advanced qualification, most wanted

profiles and skills

Current demands

Requirements to human resources: trainer

and students

Adaptation in VET

0 10 20 30 40 50 60 70 80

 Inappropriate professional qualification

Low communicative competence

Missing learning capability

Unsatisfactory methodological…

Low individual capacity (autonomy,…

Social and interpersonal skills

 Excessive salary expectation

Inadequate information about…

Descreasing interest in occupational…

Low working readiness and marginal…

Missing mobility

Missing flexibility

Missing standardised vocational…

Obsolete vocational education contents

13. What kind of challenges are the companies in metal and electro 
industry facing to while staffing/searching for employees? 
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2. Skills demand - Survey

Name, country, profile

Company information

Ownership, Company structure, economic 

and labour characteristics

Extended view

Advanced qualification, most wanted

profiles and skills

Current demands

Requirements to human resources: trainer

and students

Adaptation in VET

0 10 20 30 40 50 60 70

On-the-job training

Attributable apprenticeship training

Modernisation of vocational education contents

Trainer, coaches and teacher training in innovative…

More digitalisation and automatisation contents…

Modernisation of  technical equipment, tools and…

Increasing job specialisation

Increasing interdisciplinary work-based tasks

Formation of new occupational profiles

Additional specialisations or professional fields in…

Additional qualification

Well-regulated interexchange between…

Early vocational orientation by an appropriate…

Offering part-time vocational education

Upgrating communicative skills (virtual meeting,…

Upgrating learning capability (reliable complex…

Upgrating methodological expertise (individual…

Upgrating individual capacity (autonomy, reliability,…

Upgrating interpersonal skills (social gathering,…

Other

14. How to achieve a higher accuracy between VET learning 
programmes and job-related tasks? 
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2. Skills demand: National

Name, country, profile

Company information

Ownership, Company structure, economic 

and labour characteristics

Extended view

Advanced qualification, most wanted

profiles and skills

Current demands

Requirements to human resources: trainer

and students

Adaptation in VET

Please join: rb.gy/rdpp1
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3. Skills demand - Survey

Ownership, Company structure, economic 

and labour characteristics

Extended view

Name, country, profile

Company information

Advanced qualification, most wanted

profiles and skills

Current demands

Requirements to human resources: trainer

and students

Adaptation in VET

0 20 40 60 80

Occupational or professional…

Accounting Department and…

Research and Development

Management

IT and Data Processing

Customer service

Marketing

Human Resources department

Manufacturing and Production

3. Your function in the company 

0 20 40 60 80 100 120

Yes

No

Other

4. Have you ever offered vocational education 
training or coaching in professional skills?
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3. Skills demand - Survey

Ownership, Company structure, economic 

and labour characteristics

Extended view

Name, country, profile

Company information

Advanced qualification, most wanted

profiles and skills

Current demands

Requirements to human resources: trainer

and students

Adaptation in VET

0 10 20 30 40 50 60

Local

Regional

National

Within the EU

Worldwide

5. Alignment of business

0 10 20 30 40

1-9 employees

10-24 employees

25-49 employees

50-99 employees

100-249 employees

250-499 employees

500-999 employees

1000-2499 employees

More than 2500…

6. Number of employees 
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3. Skills demand - Survey

Ownership, Company structure, economic 

and labour characteristics

Extended view

Name, country, profile

Company information

Advanced qualification, most wanted

profiles and skills

Current demands

Requirements to human resources: trainer

and students

Adaptation in VET

0 10 20 30 40 50 60

Local

Regional

National

Within the EU

Worldwide

5. Alignment of business

0 10 20 30 40 50

25-29 years

30-34 years

35-39 years

40-44 years

45-49 years

50-54 years

55-59 years

 60-64 years

No date

7. How old are your employees on average?  

0 10 20 30 40 50 60

Further education (Technician or Master – corresponding to EQR Level 6)

Advanced training (tasks-specified)

Professional Training in integrative competences: f.e. project…

Additional occupational skills

Getting professional qualification (EQR 4)

Other:

9. What training services are offered or can be provided by your company?
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3. Skills demand - ELECTRO

Advanced qualification, most wanted

profiles and skills

Current demands

Name, country, profile

Company information

Ownership, Company structure, economic 

and labour characteristics

Extended view

Requirements to human resources: trainer

and students

Adaptation in VET

0 10 20 30 40 50

Electronics technician for industrial
engineering

Electronics technician for devices and
systems

Industrial electrician for industrial
engineering

Industrial electrician for devices and
systems

10. What are the most wanted occupational profiles in your 
company? 
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3. Skills demand - ELECTRO

Advanced qualification, most wanted

profiles and skills

Current demands

Name, country, profile

Company information

Ownership, Company structure, economic 

and labour characteristics

Extended view

Requirements to human resources: trainer

and students

Adaptation in VET

0 10 20 30 40 50 60 70

CAD Programming, e.g. SolidWorks

Computer-aided manufacturing (CAM)

Robotics, robot handling and automatisation

Operation of machines and tool for precision…

Engineering detail drawing

Proper use of technological equipment for…

Diagnostic tools and software

Defect analysis and repairing machines and…

Mechanical and electrical installation (including…

Virtual reality learning

Using augmented reality tools on-the-job

PLC-programming

Electrical layout software

 Sensibility for cybersecurity

Internet of things on manufacturing

Digital mindset while VET training

11. What occupation-specific tasks are the most relevant in 
metal and electro industry within the next 5 years?
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3. Skills demand - ELECTRO

Advanced qualification, most wanted

profiles and skills

Current demands

Name, country, profile

Company information

Ownership, Company structure, economic 

and labour characteristics

Extended view

Requirements to human resources: trainer

and students

Adaptation in VET

0 10 20 30 40 50 60 70 80

Physical ability and bodily strength

Dexterity, manual working

Articulate native or foreign language…

Calculation and computation…

Gathering and evaluation of information

Creativity and resolution

Social interaction

Training, teaching and coaching

Management and coordination skills

Machines and tools operation

Competent using of information and…

Interdisciplinary Teamwork

Tast management, process…

Working in reference to engineer…

Autonomy

Routine

Mobility

Flexibility

Time management

12. What professional skills are needed to work in a steady 
high quality? 
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3. Skills demand - Survey

Name, country, profile

Company information

Ownership, Company structure, economic 

and labour characteristics

Extended view

Advanced qualification, most wanted

profiles and skills

Current demands

Requirements to human resources: trainer

and students

Adaptation in VET

0 10 20 30 40 50 60 70 80

 Inappropriate professional qualification

Low communicative competence

Missing learning capability

Unsatisfactory methodological…

Low individual capacity (autonomy,…

Social and interpersonal skills

 Excessive salary expectation

Inadequate information about…

Descreasing interest in occupational…

Low working readiness and marginal…

Missing mobility

Missing flexibility

Missing standardised vocational…

Obsolete vocational education contents

13. What kind of challenges are the companies in metal and electro 
industry facing to while staffing/searching for employees? 
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3. Skills demand - Survey

Name, country, profile

Company information

Ownership, Company structure, economic 

and labour characteristics

Extended view

Advanced qualification, most wanted

profiles and skills

Current demands

Requirements to human resources: trainer

and students

Adaptation in VET

0 10 20 30 40 50 60 70

On-the-job training

Attributable apprenticeship training

Modernisation of vocational education contents

Trainer, coaches and teacher training in innovative…

More digitalisation and automatisation contents…

Modernisation of  technical equipment, tools and…

Increasing job specialisation

Increasing interdisciplinary work-based tasks

Formation of new occupational profiles

Additional specialisations or professional fields in…

Additional qualification

Well-regulated interexchange between…

Early vocational orientation by an appropriate…

Offering part-time vocational education

Upgrating communicative skills (virtual meeting,…

Upgrating learning capability (reliable complex…

Upgrating methodological expertise (individual…

Upgrating individual capacity (autonomy, reliability,…

Upgrating interpersonal skills (social gathering,…

Other

14. How to achieve a higher accuracy between VET learning 
programmes and job-related tasks? 
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3. Skills demand: National

Name, country, profile

Company information

Ownership, Company structure, economic 

and labour characteristics

Extended view

Advanced qualification, most wanted

profiles and skills

Current demands

Requirements to human resources: trainer

and students

Adaptation in VET

Please join: rb.gy/rdpp1
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4. Discussion: Overview 

METAL 

Machine and systems operator

ELECTRO

Electronics technician for devices and 

systems
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4. Discussion: Tasks
Common tasks 

ELECTRO-specific  tasks 

METAL-specific  tasks 
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4. Discussion: Competences
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4. Discussion: Competences

Dexterity

Professional qualification 
Guided speed-training

Teamwork

Communicative skills
Digital team meetings

Creativity/Resolution

Individual capacity
Interdisciplinary tasks

Competent use of information Engineer standards

Methodological expertise 
Spatial sense and orientation 

Machines and tools

Professional qualification
Digital twin 

Learning capability
Using technical documentation
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4. Discussion: Competences

Please join: rb.gy/rdpp1
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1. Introduction: Profiles

METAL 

Machine and systems operator

ELECTRO

Electronics technician for devices and 

systems
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REVIEW: Day 1



1. Introduction: Tasks
Common tasks 

ELECTRO-specific  tasks 

METAL-specific  tasks 

REVIEW: Day 1
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1. Introduction: Competences
REVIEW: Day 1
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1. Introduction: Competences

Dexterity

Professional qualification 
Guided speed-training

Teamwork

Communicative skills
Digital team meetings

Creativity/Resolution

Individual capacity
Interdisciplinary tasks

Competent use of information Engineer standards

Methodological expertise 
Spatial sense and orientation 

Machines and tools

Professional qualification
Digital twin 

Learning capability
Using technical documentation

REVIEW: Day 1
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Innovations in production:

• Automation

• Technologies

• Networking

Industrie 4.0

Adequately qualified staff:

• Ensuring the production process

• Transformation of competences

Kompetenzen

Berufsausbildung

Practical vocational training:

• Professional knowledge, skills and 

abilities

• Directly usable on the labour market

Personalentwicklung

Qualified and trained staff:

• Further training in line with requirements

• Resource management

Industry 4.0

HR development

Working world 4.0

Vocational education
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2. Vocational education
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With different responsibilities

From different disciplines

Preparatory or directly in the work process

Independent or guided

Ongoing and sustainable

Possibilities and dangers of media technologies

Efficient work in complex 

data-based systems

Virtual collaboration 

Technical communication

Interdisciplinary

Learning platform



Well-trained skilled workers help determine the success of the company!

2. Vocational education
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Vocational orientation

Attractiveness of vocational education 
and training

Advantages of digital methods:

▪ Independent of time and place

▪ Individual in the course

▪ Can be repeated as often as desired

▪ Specialised in target group and subject 

area

Vocational education

Professional skills

Advantages of digital methods:

▪ Expert knowledge 

▪ Reduction of the probability of errors

▪ Applicable in and outside production

▪ Cost-efficient

▪ Sustainable

▪ Updatable

Further qualification

Skilled workforce

Advantages of digital methods:

▪ Further training of the workforce

▪ Adapted to the needs of the company

▪ Applicable on- and off-the-job

▪ Part-time 

▪ Integrated into personnel development 

strategy

▪ Safeguarding productivity

2. Vocational education
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“Fast and furious”

TechnologiesDigital natives

Connected

Reactions

Work life balance

Feedback

Digitalisation

Generation Z 

2. Vocational education



Volatility
Rate of change

Complexity
Multiple key

decision factors

Uncertainty
Unclear about the

present

Ambiguity
Lack of clarity
about meaning

of an event
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2. Vocational education
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From knowledge transfer to skills transfer

Skills that cannot be digitised:

• Creativity

• Critical thinking

• Communication

• Collaboration

4 C‘s of education

4 C’s of education

CommunicationCreativity

CollaborationCritical thinking



Materials

Goals

Motivation

Showing

Explanation

Repeating

Self-confident use

Control

Success monitoring

Control

Error culture

Praise
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2. Vocational education

Preparing Demonstrating Imitating Independent use

Conventional model of VET



Informing

Planning

Deciding

Applying

Verifying

Reflect

What is to be done?

How can it be implemented?

Which solution should be 

taken?

What steps should be done?

Is the work order carried out 

professionally and 

technically correct?

What can be improved in 

the future?
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2. Vocational education

Complete action model



2. Vocational education
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Accompany the learning process

Give tasks and support 

Media affinity

Variety of methods

Digital learning

Trainees

Trainers 

Digital mindset

Self-determined learning

Get feedback

Learning platform

Complete action model



2. Vocational education

05.10.2023, slide 71

Advantages

▪ Connecting theory and practice

▪ Encouraging independent work

▪ Strengthening of key competences

▪ Can be used in individual and group work

▪ Learning and applying presentation and 

creativity techniques

Disadvantages

▪ Changing the training method can be time-

consuming

▪ Can be too much for trainees at first

▪ Work equipment must be available

Complete action model



11:00-

11:30 AM
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Preparing Demonstrating Imitating Independent use

3. Occupational training
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Preparing Demonstrating Imitating
Selbstständig 

anwenden

Assessment of the state of knowledge

• Real-time evaluation

• Can be used during lessons

• Anonymous or personalized

• Monitoring of the learning process
✓ Independent of time and place

✓ Individual in the course

✓ Can be repeated as often as 

desired

✓ Specialised in target group 

and subject area

3. Occupational training
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Creation of teaching materials

• Task sheets 

• Presentations

• Interactive learning paths

• Integration of audio and video media

✓ Independent of time and place

✓ Individual in the course

✓ Can be repeated as often as 

desired

✓ Specialised in target group 

and subject area

✓ Expert knowledge 

✓ Cost-efficient and resource-

saving

✓ Sustainable and updatable

Preparing Demonstrating Imitating
Selbstständig 

anwenden

3. Occupational training
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✓ Independent of time and place

✓ Individual in the course

✓ Can be repeated as often as 

desired

✓ Specialised in target group 

and subject area

✓ Expert knowledge 

✓ Cost-efficient and resource-

saving

✓ Sustainable and updatable

Preparing Demonstrating Imitating
Selbstständig 

anwenden

Media learning

• Recordings of the work and production 

processes 

• Notes and explanations

• Audiovisual tasks

3. Occupational training
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✓ Independent of time and place

✓ Individual in the course

✓ Can be repeated as often as 

desired

✓ Specialised in target group 

and subject area

✓ Expert knowledge 

✓ Cost-efficient and resource-

saving

✓ Sustainable and updatable

Simulation environments

• Virtual working environment

• Based on operational work processes

• Far away from production

• Targeted training of malfunctions

3. Occupational training
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Preparing Demonstrating Imitating
Selbstständig 

anwenden



Vorbereiten Demonstrating Imitating Independent use

✓ Independent of time and place

✓ Individual in the course

✓ Can be repeated as often as 

desired

✓ Specialised in target group and 

subject area

✓ Expert knowledge 

✓ Cost-efficient and resource-

saving

✓ Sustainable and updatable

✓ Out of the production

3. Occupational training
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Training area

▪ Operational production processes 

in a controlled environment

▪ Away from production

▪ Within the company structure

▪ Interdisciplinary

▪ Fully comprehensive work 

processes



Virtual reality

▪ Realistic simulation in a 

controlled environment

▪ Far away from production

▪ Operational production 

processes

▪ Interdisciplinary

▪ Fully comprehensive work 

processes

▪ Training of incidents

3. Occupational training
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Vorbereiten Demonstrating Imitating Independent use

✓ Independent of time and place

✓ Individual in the course

✓ Can be repeated as often as 

desired

✓ Specialised in target group and 

subject area

✓ Expert knowledge 

✓ Cost-efficient and resource-

saving

✓ Sustainable and updatable

✓ Out of the production



Vorbereiten Demonstrating Imitating Independent use

Augmented reality

▪ Part-time

▪ On-/Off-the-job

▪ Additional information

▪ Warnings

▪ Technical communication

✓ Independent of time and place

✓ Individual in the course

✓ Can be repeated as often as 

desired

✓ Specialised in target group and 

subject area

✓ Expert knowledge 

✓ Cost-efficient and resource-

saving

✓ Sustainable and updatable

✓ Reduction of the probability of 

errors

✓ Applicable in and outside 

production

3. Occupational training
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Assistance systems

▪ Integration into production processes

▪ Guidance of work steps

▪ Quality assurance

▪ For every level of qualification

▪ Increasing productivity

3. Occupational training
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✓ Independent of time and place

✓ Individual in the course

✓ Can be repeated as often as 

desired

✓ Specialised in target group and 

subject area

✓ Expert knowledge 

✓ Cost-efficient and resource-

saving

✓ Sustainable and updatable

✓ Reduction of the probability of 

errors

✓ Applicable in and outside 

production

Vorbereiten Demonstrating Imitating Independent use



Overview

Needs assessment

Concept

Evaluation

Implementation

3. Occupational training
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3. Occupational training
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Online training module: Learning pathway

Check-in test Self-learning Assessment Check-out test
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4. Discussion: Training 

METAL 

Machine and systems operator

ELECTRO

Electronics technician for devices and 

systems
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4. Discussion: Training

Please join: rb.gy/rdpp1
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Innovations in production:

• Automation

• Technologies

• Networking

Industrie 4.0

Adequately qualified staff:

• Ensuring the production process

• Transformation of competences

Kompetenzen

Berufsausbildung

Practical vocational training:

• Professional knowledge, skills and 

abilities

• Directly usable on the labour market

Personalentwicklung

Qualified and trained staff:

• Further training in line with requirements

• Resource management

Industry 4.0

HR development

Working world 4.0

Vocational education
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1. Introduction: VET
REVIEW: Day 2



Vocational orientation

Attractiveness of vocational education 
and training

Advantages of digital methods:

▪ Independent of time and place

▪ Individual in the course

▪ Can be repeated as often as desired

▪ Specialised in target group and subject 

area

Vocational education

Professional skills

Advantages of digital methods:

▪ Expert knowledge 

▪ Reduction of the probability of errors

▪ Applicable in and outside production

▪ Cost-efficient

▪ Sustainable

▪ Updatable

Further qualification

Skilled workforce

Advantages of digital methods:

▪ Further training of the workforce

▪ Adapted to the needs of the company

▪ Applicable on- and off-the-job

▪ Part-time 

▪ Integrated into personnel development 

strategy

▪ Safeguarding productivity
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1. Introduction: VET
REVIEW: Day 2
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“Fast and furious”

TechnologiesDigital natives

Connected

Reactions

Work life balance

Feedback

Digitalisation

Generation Z 

1. Introduction: VET
REVIEW: Day 2



Preparing Demonstrating Imitating Independent use

06.10.2023, slide 

100

1. Introduction: VET
REVIEW: Day 2
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2. Occupational training

METAL 

Machine and systems operator

ELECTRO

Electronics technician for devices and 

systems
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REVIEW: Day 2



2. Occupational training

Please join: rb.gy/rdpp1
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REVIEW: Day 2
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Implementation



Preparing Demonstrating Imitating
Selbstständig 

anwenden

Assessment of the state of knowledge

• Real-time evaluation

• Can be used during lessons

• Anonymous or personalized

• Monitoring of the learning process
✓ Independent of time and place

✓ Individual in the course

✓ Can be repeated as often as 

desired

✓ Specialised in target group 

and subject area

3. Localisation
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3. Localisation: Metal

METAL 

Machine and systems operator

ELECTRO

Electronics technician for devices and 

systems
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3. Localisation: Metal
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Check-in knowledge test

Self-learning phases, each with a subsequent test

2a. Welding robots: components and mode of operation

2b. Welding: Basics and Safety

2c. Quality management: Detecting and evaluating welding defects

Application examples

Check-out knowledge

test



3. Localisation: Metal
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Topic: Welding Roboter

• Welding robots are industrial robots that work flexibly, quickly and reliably. 

• They are classified as automation technology. 

• The task of these robots is to weld products automatically in a wide variety of production environments.

Goals: Functionality, structure and safety knowledges

• The goal is to provide the participants with a basic overview of the functionality, structure and occupational safety when handling a 

welding robot.

Objectives: Quality management skills

• The training serves to impart basic welding knowledge, in particular the recognition of external welding seam irregularities.

• The use of measuring equipment and pictures for target/actual comparison should make it easier to recognise and evaluate weld 

seam faults. 

• Causes for occurring weld defects should also be localised, forwarded to the appropriate welding supervisor and repaired.



Assign the following components to the robot shown: 

• carousel, 

• swing arm, 

• base frame, 

• arm, 

• central hand

3. Localisation: Metal
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Check-in knowledge test



3. Localisation: Metal
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Check-in knowledge test

Name the main hazards of a robot:

• Explosion hazard

• Danger from electric current

• Risk of injury due to unpredictable and complex 
movements

What is the function of the shielding 
gas in welding?

• Protection of the weld pool against air ingress

• Cooling of the weld pool

• The shielding gas has no special task



3. Localisation: Metal
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Check-in knowledge test

Which rays can cause burns while welding on 
uncovered parts of the body?

• X-rays

• Light rays

• Ultraviolet rays (UV rays)

How do pores form in a weld?

• Current intensity set too high

• Workpiece not cleaned, dirty surface

• Wrong amount of shielding gas



Self-learning phases, each with a subsequent test

2a. Welding robots: components and mode of operation
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3. Localisation: Metal

Learning objectives:       

• Overview of how a robot works       

• Correct naming of the individual components

Contents: Structure of the robot system

The structure of the robot system and the individual components are to be 

explained. 

The robot system consists of three main components. These are shown in the 

following picture:

carousel

base frame

arm
central hand

swing arm



Self-learning phases, each with a subsequent test

2a. Welding robots: components and mode of operation
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3. Localisation: Metal

Contents: Structure of the robot system

• The central hand of the robot comprises three axes (A4, A5, A6) and forms 

the end of the robot arm. On the central hand there are three 5/2-way 

solenoid valves and a CAT5 data line, which can be used to control tools.

• In front of this is the arm, which is moved by axis A3. In the robot, the arm 

represents the connection between the central hand and the swing arm. 

• The swing arm contains the power supply lines for axes 2 to 6. 

• The carousel is responsible for the rotary motion of the robot (axis A1) and 

is connected to the base frame via a gearbox. 

• The base frame forms the basis of the robot. The interfaces between the 

robot mechanics and the control system are located on the base frame.



Self-learning phases, each with a subsequent test

2a. Welding robots: components and mode of operation
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3. Localisation: Metal

Contents: Structure of the robot system

• Each robot has both mechanical limit stops and electronic limit switches 

(software limit switches). Among other things, this mechanically prevents the 

robot from turning more than 190°. In addition, the range of movement can be 

limited via the robot programme. If one of these end positions is reached, a fault 

(workspace error) is signalled so that no damage can occur to the robot.

• The individual axes of robots are driven by servo motors. Compared to hydraulic 

motors, these are much quieter and more flexible. Furthermore, the work is 

more precise and well suited for high repetition accuracy. In addition, there are 

different ways to equip the hand (effector) of the robot. 

• In the case of the BBS2 robot, a pneumatic gripper is installed. This is controlled 

via one of the 5/2 directional control valves in the central hand. In addition, 

inductive sensors have been installed to detect the current state of the gripper 

(open; closed). Furthermore, an optical component check has been integrated to 

determine whether the robot has picked up the workpiece correctly.



Self-learning phases, each with a subsequent test

2b. Welding: Basics and Safety
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3. Localisation: Metal

Learning objectives

• To know the dangers of working with robots and

• Work safely with robots     

Contents:

• Operating the robot without external safety measures is not permitted and is also prohibited by the manufacturer!

• Operating a robot without safety measures can have fatal consequences. Overestimation of one's own capabilities or gross negligence 
can injure not only the operator himself but also other persons.

• If protective devices are bypassed or deactivated, the operator can move freely in the danger zone. 

• In the case of ill-considered travel movements in manual mode or an automatic start-up of the drives, the human is completely at the 
mercy of the robot. 

• In most cases, there is no collision detection, so everyone has to rely on the additional protective devices (safety grid, light curtain, 
safety door, etc.).



Self-learning phases, each with a subsequent test

2b. Welding: Basics and Safety
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3. Localisation: Metal

Contents: Safety measures

• Special safety instructions or training are just as necessary as a very good understanding of the safety regulations of the respective 
industrial robot. 

• Likewise, an assessment of the possible dangers must be made before starting work. 

• The operator of the plant in which the robot is installed can provide support. 

• Both the obligation to monitor and the obligation to instruct must be fulfilled. 

• Among other things, attention is paid to safety-related integration, in which, for example, the following points are addressed:

• Preparation of operating instructions for the system 

• Carrying out a risk assessment

• Use of the necessary safety functions and protective devices 

• Selection of persons who are suitable and competent for the work



Self-learning phases, each with a subsequent test

2b. Welding: Basics and Safety
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3. Localisation: Metal

Learning objectives:

• Getting to know the function and structure of a MAG welding machine

• Evaluating welds on the basis of external irregularities

Contents:

• MAG welding belongs to the group of gas-shielded metal arc welding processes in 
which a wire electrode is melted under inert gas and is particularly common in 
industrial manufacturing for joining metallic materials.

• In MAG welding, the permanent joining of metals is achieved using intense heat 
and welding consumables. The heat input for the fusion welding process is provided 
by an electric arc. The wire electrode used flows together with the molten base 
material as a welding filler and contributes to the formation of the weld seam. 

• The process is characterised by a high processing speed and the possibility of 
automation. It is therefore particularly suitable for industrial applications.



Self-learning phases, each with a subsequent test

2b. Welding: Safety
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3. Localisation: Metal

Learning objectives:

• Recognise the dangers of welding and observe and apply appropriate safety 

precautions.

Contents: General

• Welding processes are classified according to the energies used, such as gas, 
electricity, laser or friction. 

• The electrical processes are of great importance. This includes, for example, 
metal active gas welding (MAG). 

• If you want to implement measures to promote safe welding, it is important to 
bear in mind: Each process involves different risks, such as optical radiation, 
electric current, fire and explosion hazards, the release of hazardous gases and 
fumes or the displacement of oxygen in the air we breathe.



Self-learning phases, each with a subsequent test

2b. Welding: Safety
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3. Localisation: Metal

Contents: Electrical hazards

• An electrical hazard begins when a voltage higher than 25 V AC (rms) or 60 V DC can be touched and a sufficiently high current could 

flow. Therefore, a first protective measure must be implemented as basic protection (e.g. insulation).

Contents: Pollutants

• When welding smoke forms, there is a chain of physical and chemical processes behind it. The pollutants in welding fumes are also 
formed from very different elements during the welding process.

• Welding fumes are produced when an arc or flame hits a material at high temperatures. 

• Physical and chemical processes take place, such as evaporation, condensation, oxidation, decomposition, pyrolysis (thermal-
chemical splitting) or combustion. 

• Pollutants are produced which can be formed from: Filler materials - Base materials - Protective gases - Coatings - Contaminants -
Ambient air.

• The concentration of all these hazardous substances in the air at the workplace must be determined by measurements. 

• According to the Occupational Health and Safety Act, the employer is obliged to take the necessary measures against these hazards. 
Accordingly, the correct extraction equipment must be installed depending on the process, material and the resulting welding fumes.



Self-learning phases, each with a subsequent test

2b. Welding: Safety
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3. Localisation: Metal

Contents: Optical radiation (UV radiation)

• The human body has no sensory organ for ultraviolet radiation. 

• The human body needs small amounts of UV radiation for the formation of 
vitamin D. However, too high doses are harmful to humans. 

• UV radiation causes, among other things, blinding of the eyes by causing 
inflammation of the outer eye (conjunctivitis). 

• Other effects of UV radiation are also not felt by humans until it is too late. 

• Short-term high doses of UV radiation lead to sunburn, in welding for 
example to the so-called "welder's tie" (the burn of the uncovered area 
between the shirt and the face shield). 

• In the long term, too high doses can lead to skin cancer and cataracts 
(clouding of the lens of the eye).



Self-learning phases, each with a subsequent test

2b. Welding: Safety
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3. Localisation: Metal

Contents: Safety measures

• To avoid skin and eye damage, the whole body must be protected from 
radiation exposure.

• Face protection is required. A welding helmet is preferable to a protective 
shield so that the temples are also adequately covered. Covers for the top 
of the skull, neck and throat should also be attached to this hard hat. 

• All parts of the skin that are not covered by the protective clothing must be 
protected, e.g. if necessary, by the protective bonnet and by using a UV 
skin protection cream specially made for welding. 

• In this way, persons at welding workplaces are not only protected against 
radiation from neighbouring workplaces, but also against radiation reflected 
from the walls or the workpieces



Self-learning phases, each with a subsequent test

2c. Quality management: Detecting and evaluating welding defects
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3. Localisation: Metal

Learning objectives: Detection of weld defects

Contents: Weld defects

• Welding seam defects of a welded joint are an expression of a reduced manufacturing quality. 

• No statements can be made about the serviceability of the manufactured product if they are detected. 

• Geometric irregularities in metallic welded joints are described in DIN EN ISO 6520 Parts 1 and 2. 

• A distinction is made between internal and external irregularities. These include: 

• Cracks

• Cavities (pores)

• Solid inclusions

• Binding defects and insufficient welding penetration

• Shape and dimensional deviations

• Other irregularities.



Self-learning phases, each with a subsequent test

2c. Quality management: Detecting and evaluating welding defects
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3. Localisation: Metal

Contents: Cracks

• Cracks often occur due to an unsuitable base material or the selection of the wrong 
filler metal. 

• High stresses in the weld assembly can also lead to cracking. 

• A crack in a weld is an impermissible irregularity, as component failure is often the 

result.

Contents: Seam cant

• A seam cant is a geometric irregularity and is tolerated up to a certain deviation. 

• The cross-section of a fillet weld (picture) should ideally correspond to an isosceles 
triangle. Excessive superelevation has disadvantages in terms of strength. 

• The height or fillet weld dimension is calculated in advance and shown in technical 
documents.
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3. Localisation: Metal

Exercise: Weld failures detection

• A welding assembly is inserted into the robot system. The assembly is fixed with the 
provided clamping device and the safety doors are closed. 

• After the production process has run automatically, you open the safety door and 
remove the assembly. This is followed by a routine visual inspection of all existing 
weld seams.

• You notice the following irregularities: 

Application examples
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3. Localisation: Metal

What irregularity do you see ?

• Pores

• burn-in notch 

• large weld protrusion

Check-out knowledge

test

What could be the cause of 
the irregularity shown?

• Fault in the shielding gas supply

• Unclean workpiece surfaces

• Too high current intensity.

What is the cause of the 
following imperfection? 

• Unclean workpiece surfaces

• Poor fitting accuracy of the parts to 
each other
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4. Conclusions: Survey

Name, country, profile

Company information

Ownership, Company structure, economic 

and labour characteristics

Extended view

Advanced qualification, most wanted

profiles and skills

Current demands

Requirements to human resources: trainer

and students

Adaptation in VET
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REVIEW: Day 1



Innovations in production:

• Automation

• Technologies

• Networking

Industrie 4.0

Adequately qualified staff:

• Ensuring the production process

• Transformation of competences

Kompetenzen

Berufsausbildung

Practical vocational training:

• Professional knowledge, skills and 

abilities

• Directly usable on the labour market

Personalentwicklung

Qualified and trained staff:

• Further training in line with requirements

• Resource management

Industry 4.0

HR development

Working world 4.0

Vocational education
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4. Conclusions: VET 4.0
REVIEW: Day 2



Preparing Demonstrating Imitating Independent use

4. Conclusions: Digital VET
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REVIEW: Day 2



4. Conclusions: Exchange

Please join: rb.gy/rdpp1
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REVIEW: Day 3













Thank you!
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