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The Need for Shaping Oriented Training for 
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Digitalization of TVET – its Success, 
Challenges and Opportunities



International Conference:
Digitalising And Greening TVET For Sustainable Development | 27 October 2022 | Thailand

Volatility-Uncertainty-Complexity-Ambiguity (VUCA)

2

Digitalization, 
Industry 4.0

Sustainability
needed

New methods for
teaching and
lerning

Teachers
and trainers

Changing
world of
work

Flexibility and
responsiveness
• Skills 

anticipation
• Flexible rapid 

response
• Modular 

curricula and
qualifications

Inclusion
• Broadening

access
• Social mobility
• „Nobody left

behind“
• Guidance
• Validation

Excellence
• Supporting

innnovation
• Regional 

development
• Regional 

economic
strategies

• Focus on both
initial and
continuing VET

International 
dimension
• Mobility of

learnes, T&T, 
leaders

• International 
qualification

• Partnerships
• Evidence

sharing

Validation + 
Guidance

Efficiency and
financing
• Investment 

and cost-
sharing

• Rewarding
quality and
efficiency

• Performance 
based
financing

Sustainability
• UN Decades
• Imperatives
• Environment
• Natural 

resources
• Distribution
• Categorical

imperative



International Conference:
Digitalising And Greening TVET For Sustainable Development | 27 October 2022 | Thailand

From Quantity to Quality
Eppler, E. 1972
Today we speak of quality of life, although we do not know exactly what it consists of, ... 
We speak of quality because we have become mad about quantity. 
In the beginning there is not knowledge, but doubt.
We doubt whether this is good for people: 
• ever wider roads for ever more cars 
• ever larger power plants for ever more energy consumption 
• ever more elaborate packaging for ever more questionable consumer goods 
• ever larger airports for ever expanding air travel 
• ever more pesticides for ever richer harvests 
• and, not to forget, ever more people on an ever more crowded globe.

3
Eppler, E. 1972: Bundesminister für wirtschaftliche Zusammenarbeit a.D. 
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Sustainable Development: “Do not Work and Live Today at 
Tomorrow’s Expense and at the Expense of People Somewhere Else”
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Strategies, Frameworks, Political Support for Education
• “ … need for interconnected learning across the environmental, economic and social pillars of sustainable 

development, … specific focus on the environmental pillar.” (EU Council 2022)

• The European Green Deal, … the United Nations Educational, Scientific and Cultural Organization 
(UNESCO) strategy Education for Sustainable Development for 2030 and the related United Nations 
Economic Commission for Europe (UNECE) work highlight the key role of schools, higher education and 
other education and training institutions in engaging with learners, parents, educators and the wider 
community on the changes needed for a successful, just and inclusive green transition. (EU Council 2022)

• GreenComp responds to the growing need for people to improve and develop the knowledge, skills and 
attitudes to live, work and act in a sustainable manner. (European Union, 2022)

Green Framework
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Green Framework EC Framework for Digital C of Educators Action ….. Conferences
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Socio-Technical Model: Implications of 
Digitalization & Greening in TVET
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Club of Rome 1972: “The Limits to Growth“

Three Imperatives:
• Transformation-Imperative 1: Digitalization & sustainability must be joined in a „digitalized

sustainability society.  

• Digitale-Imperative 2: „Digitally driven sustainability transformation“.

• Future Imperative 3: „Work for a balance of ecosystem and  labor market“.

Primary target: Human and ecologically oriented digitalization for the future!

• Education, TVET,

• Civil society,

• Elites

• Politics

must shape the process of future.
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„We are at the beginning of a revolution that is fundamentally changing the way we live, work, and 
relate to one another.“ (Source: Schwab 2016)

„Decarbonation of Life of Society– no use of fossile raw material.“
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Two Possible Scenarios
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Limitation of the autonomy of accomplished skilled workers by the emergence 
of advanced technology in plants and machines: 

Automation scenario.
• The technology is applied in order to automate processes … 

Sustainability is limited!

The development of expert systems as a tool for qualified skilled workers: 
Expert scenario

Should the development proceed in the direction of the expert scenario and 
should human beings maintain their capability of shaping work-processes and 
carrying responsibility? In this case technology could be employed as a kind 

of assistance system.
Sustainability has to play an important role!



International Conference:
Digitalising And Greening TVET For Sustainable Development | 27 October 2022 | Thailand

Bridging TVET & Sustainability Supported by
Digitalization
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Competences Needed for the Production of the Future
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Hafner-Zimmermann 2022, TRANSFER 2-22 

Which
competences do 
the employees
need in the future?

Which job profiles
will be needed and 
what are the
concequences?

Two core
questiones:
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“Consequences” Behind Digitalization / Industry 
4.0
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Source: IAB / ZEW
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Risk of Automation (Asean Market – European Market)
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Pfeiffer (2017) states: 
high importance of skilled 
workers in the area of 
complex production 
processes in highly 
digitalized productions. 

High complexity of work 
increases importance of 
non-routine activities in 
highly automated 
production processes. 
Holistic perception of 
tasks in the center.

Automation and risk for workplaces
and rate of change in OECD 
countries (2019) in %.
Red=risk; blue=change

Germany

Rynhart, Chang, Huynh (2016), ILO
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Risk of Automation
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• We estimate that as many as 375 million workers globally (14 percent of the global
workforce) will likely need to transition to new occupational categories and learn new
skills (cf. McKinsey 2017).

• Moreover, all workers will need upskilling. Some of that will require higher educational
attainment, or spending more time on activities that require social and emotional
skills, creativity, high-level cognitive capabilities and other skills relatively hard to
automate (cf. McKinsey 2017).

• Occupations in which the bulk of tasks are routines and follow explicit, codifiable
procedures tend to be more adaptable to automation [...].. Jobs that … resist
automation are those with non-routine, manual tasks that demand a high degree of
situational flexibility and human interaction [...] (cf. Chang/Huynh 2016).
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Findings: Digitalized Work in Production
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"The Digital Manifest": Growth in Data!
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Combined

Duplication of performance every 18 month
Duplication of available data every 12 
month
Combined growth
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Approaches to the Development in the Companies
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systems

Systematic optimization of process flows 
Implementation of software-controlled units

Type 04 Networking of production plants and 
coupling of manufacturing systems into 
cyber-physical units

Control of process flows by means of 
production data in
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Challenge Through Technology 
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Artificial intelligence
Networks

Remote maintenance and…

Asset-Management

Modernization of…

Digital twins

Process, operating and…

Process visualization,…

Software-based condition…
Virtual RealityAugmented Reality /…

Human-machine interface

APPs for information…

Robotic

Software supported work…

Software-supported…

Production control by the…

Individualization of…
Additive manufacturing

Degree of challenges for skilled workers
(outside: strongly challenged | center: not at all challenged)

Significance for skilled workers

Ø MES and ERP permeate the shop floor -
but rather Industry 3.0 instead of 4.0

All skilled 
workers in the 
manufacturing 
industry now 
handle 
digitized tools 
and media
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Changes of Skilled Work
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- Experience with mechatronic plants: 
Interaction of software and welding 
process

- Process understanding: Synchronization 
of processes along welding

- Data Analysis and evaluation of data: Job 
data, production parameters for welding 
process

- Parameterization tasks : Use application 
software.

- Communication infrastructure:  
Communication with AV

- Data analysis & networking processes: 
Increase of productivity

Skilled worker programs a 6-axes articulated arm 
welding robot.

Skilled worker plans and implements production 
order
Recourse to planning software
• AV determines quantity , 
• Access to drawing (stored in Production 

documentation)
Skilled worker executes: 
Feasibility of order 
(Accessibility to welding seams , Work piece 
position,…),

Programming by skilled workers:
• Offline- und Online-Programming (RopoPlan, 

QRP professional Software)

An Example 1
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Focus on Tasks and Processes
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Quelle: Fallstudie 6, Bild: Industrieanzeiger.industrie.de

Work is done in teams of 
construction mechanics and 
engineers

„The software must be such that workers can handle it; the welding process must be supported, 
the know-how for welding must be mapped there" (statement of a master craftsman)

An Example 2
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Importance of Social Implications in 
Manufacturing
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Social Implications

Work

Technology
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Industry 4.0 Skills Radar – “Competences”

21



International Conference:
Digitalising And Greening TVET For Sustainable Development | 27 October 2022 | Thailand

Growth of Employment: Expected Development

22

semi - skilled 72 %

Operators,
Hand finishers

skilled 7 %
Trouble shooters, 

maintenance

+ 20%

+ 27% to 32%

In the future increase 
of 17% to 20% 
necessary!

Management/ Academic 
work

15 %

highly skilled 6 %

Future down 
to 25% - 28%

Example Malaysia
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Periods of Development of (Production and) Training 
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Industry 3.0 Industry 4.0

Orientation towards
technology: CAD, CNC, 
PLC, Robotics …

Prozess orientation:
Quality management, 
TPM, …

Digitalisation: CPS, MES, 
additive manufacturing, 
process integration, 
automatisation, 
production planning with
Software

Networked production
with and at mechatronical
systems

Thinking along „Computer 
aided applications and 

technologies “
„Thinking from the

processes“
„Thinking (Production) 

from the Software“
„Thinking Software 
from the processes„ 

1990 2000 2015 2022
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Where do We Go? What Must be Done?
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Regional In-Service Teacher Training Modules “Fit for 
Industry 4.0” (RECOTVET)
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Various Stages of Learning: From Beginners to Experts
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Orientation &
Overview 

Knowledge

Comprehensive
Knowledge of

the system

Detailed 
Functional

Knowledge 

Extended 
Specialized

Systematical
Knowledge 

Beginners Experts

“CLOSED” Type of 
LWAs contain detailed
guiding questions and hints 

“OPEN” Type of LWAs
have some general guiding
questions & hints

“OPEN, INNOVATIVE”
Type of LWAs

No guiding questions. 
Highly complex assignment
can only be solved on a 
highly specialized level
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Shadow Curriculum as a “Meeting Point” – Start Today!
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Recommendations for “Digitalization in TVET”

28

Area 1: Redesigning of Occupational Profiles for matching the requirements of digitalization at the place of work

1: Shaping of occupational profiles.

2: Development of curricula.

3: New orientation of the structures of occupational profiles: “Thinking Starting from the Processes & 
Software” (Think Digital”!).

4: Identification of occupational profiles and study programs.

Area 2: Designing training programs which meet the requirements of digitalization in work

5: Support of professional/ subject related competences.

6: Permeability of educational offers in TVET.

7: Implementation of Didactic Concepts oriented to work-processes.

8: Create good practice examples (Training Factories).

Area 2: Upgrading teaching and management staff in TVET 

9: Further training of teaching staff and TVET management.

10: Digitalization and labour market.
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Establishing Intelligent Alliances for Promoting 
Digitalization & Sustainability in Education, Training & 

Learning
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The Target

Worldwide and across all segments of society we need to initiate

projects for
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45$')')*-6-7,$5)')* . 
These Alliances should have the intention to make sure that all 
interdependencies in our life are geared towards a human centered
orientation. 

The goal must be the directing of digitalization & 4th 
Industrial Revolution for the implementation of
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Thank you very much for your attention
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University of Bremen, Germany 

Center for Technology, Work and TVET

Prof. Dr. Dr. h. c. Georg Spöttl M.A.

spoettl@uni-bremen.de

Artificial intelligence presents itself as the second wave of digitization
(Christoph Igel, Head of DFKI Berlin, am 12.11.2018)


