


Team

Nick Graham

Author, Facilitation &

Organisation Teams

Zineb Mouhyi

Facilitation

Ankita Verma

Research &
Organisation Teams

Pavel Luksha

Author & Project

Director

Jessica Spencer-Keyse

FUTURES

Shiv Kumar Shukla

Pim van Geest

Author & Facilitation

Teams

Dmitry Zabirov

Facilitation

Victor Garcia Cano

Design

Facilitation

Alina Snisarenko

Author & Organisation

Teams

Henry Robben

|

Ekaterina Loshkareva

Editor

Facilitation

Inna Hotsiuk

Design

Project Initiator &

Director

N

worldskills
Russia

Katerina Tatarenko

Project Organisation

Valeria Pavlova

Project Organisation


https://www.linkedin.com/in/ekaterina-loshkareva-82512b3b/
https://www.linkedin.com/in/pimvangeest/
https://www.linkedin.com/in/dmitry-zabirov-290a4945/?originalSubdomain=ru
https://www.linkedin.com/in/pluksha/?originalSubdomain=ru
https://twitter.com/shivshukla06?lang=en
http://victorgc.com
https://www.linkedin.com/in/nickgraham77/
https://www.linkedin.com/in/jessica-spencer-keyse-063ab183/?originalSubdomain=uk
https://www.linkedin.com/in/zinebmouhyi/
https://www.linkedin.com/in/henryrobben/?originalSubdomain=nl

Table of Contents

Executive Summary
Foreword
Editorials — Voices from Expert Community
1. Introduction: Why Future Skills?
2. Key trends of the 2020s
2.1 The age of great acceleration
2.2 Megatrends
2.3 Factors that drive change in skills demand
Technological factors
Socio-economic & political factors
3. World of skills: new stories emerging
3.1 Shifting paradigms of the global economy
3.2 A land of paradoxes: transformation of job / skill landscape

3.3 Fundamental skill set: what is critical?

~

g R N N A = T TN

4. Sectoral overviews
4.1 Manufacturing and Engineering
4.2 Construction and Infrastructure
4.3 Transportation and Logistics
4.4 Information and Communication Technology (ICT) & Digital
4.5 Human-centred & Social Services
4.6 Creative Industries, Design and Art

4.7 Agriculture & Ecology
5. Evolution of Education & Training

5.1 General implications for Education & Training
5.2 Bringing change to Education & Training
6. What can you do? Stakeholder-specific strategies
7. Conclusion: The time is how
Annex
Acknowledgements

Participant Involvement

O|©|oo|oo
o O IN O

—

RN
N
o

N
N
0}

N
AN
o

RN
al
o

—_—
()]
—_—

RN
o))
N

=
N
N

—
(00)
(0))

—
(o)
(0))

N
o
o

N
w
N

N
w
N



Executive Summary

We are living in a uniquely pivotal moment in time. Structures that bind
our society and environment are rupturing, while new pathways are
opening for renewal and regeneration. We have a window of opportunity
to get things right. Rather than focus on fear, how can we co-create a
future that is inspirational and hopeful? What are the skills needed today
to build a thriving future for all? The message from hundreds of experts
participating in this research is clear, we must:

+* Collaborate, adapt and transform
+* Embrace future-orientations and technological tools

+» Embody well-being of people and planet as our primary purpose

This report is for Vocational Education & Training practitioners & policy
shapers, the WorldSkills movement, business people, academia, media
and learners of all ages interested in trends and skills. The project aims

to identify the impact of transformation of skills across industry sectors,
and explore the implications this has on Vocational Education & Training.
This has been the focus of the authors team for a decade. Building on prior
work in this space, 1 we invite you to explore the critical topic of Future
Skills needed to thrive in the 2020s. We co-created ‘maps of the future’
with hundreds of experts across eight sectors, through explorative ‘Rapid
Foresight’ workshops and surveys. 2 We invite you to the summary of their
insights here, and to dive deeper into sectoral details and collaboration
opportunities in the full report.

1 E.g. Atlas of Emerging Jobs, Future Skills 1.0, Kazan Declaration

2 17 workshops with 302 attendees, 502 survey responses. Experts come from 46 countries and
have 6000+ years of sector-specific experience. They are leaders from Business, Academia,

Education & Training, NGO & Government officials. This research process took four months in 2020.

Technological advances have multiplied since the Industrial Revolution,
while social change and population growth give rise to ever more cross-
pollinating innovators. Each new generation can say the world is changing
faster than ever before. As individuals and collectively, we now have
greater powers to change our environment and our futures. These
powers will soon increase exponentially. Is this the most pivotal

decade in our existence?

In our world of increasing change, complexity and uncertainty, we know
that skills of the past will not serve us today, or tomorrow. If 20th century
market economies were capital-centred, and modern economies become
human-centred, then in order to survive and thrive in the 21st century we
should create systems that are life-centred and relational. These systems
explore our relationships with self, others, places, and other beings.
‘Preadaptive’ 2 development of skills ‘working with future’ concerns not only
technological progress and its conseqguences, but also many other issues
related to sustainable development and ability to overcome global risks.

This report focuses on factors and skills that are emerging in some
shape today. To give insight to direction, timing and relative importance,
we asked experts when changes will be significant in the sector i.e.
widespread impact, or clearly disrupting sector & transforming roles.
This foresight 4 work helps us choose which pieces of potential futures
we'd like to keep, change or move away from.

3 A Concept Derived from Evolutionary Biology

4 our Rapid Foresight methodology was developed with partners such as
The International Labour Organisation



http://atlas100.ru/en
https://worldskills.org/
https://en.wikipedia.org/wiki/Exaptation
https://en.calameo.com/books/004713978e20a9a5b5ba7

Of the megatrends making the world a VUCA place (Volatile, Uncertain,
Complex, Ambiguous), Digitalisation is predicted to have the most impact
on skills this decade. Other high impact megatrends are Globalisation,
Sustainability and Automation. COVID is accelerating change in all
elements of work and life today, although later in the decade other trends
are predicted to have more impact on skills. There is clearly a need to get
ahead of the curve on many of these snowballing megatrends before they
avalanche us out of existence. Cyber/Al risks and environmental crises
are potentially greater threats than COVID or recession 2. Self-creating
bots are one of many examples of turning points in power and our
responsibility this decade. Addressing these complex intertwined
challenges of our time requires new fundamental skill sets, holistic ethical
application and governance.

How much impact will these Megatrends
have on Skills over the next 10 years?

Digitalisation HIGH Automation

Globalisation HIGH MEDIUM | Accelerating Change

Environmentalisation HIGH MEDIUM  Demographic Changes

5 WEF & Global Challenges Foundation

Executive Summary

Experts agreed in general that these scenarios are likely this decade:

+ Demand for collaborative team skills will be greater than for
Individual personal skills

* Customisation & personalisation will continue as we transition
away from 1-size-fits-all mass production and education systems

* Life-centred, transformative, regenerative & circular economies
come to the fore this decade as we move away from ‘business
as usual’ extractive capital-centred consumerism

*» Demand for multi-disciplinary generalists will be greater
than for narrow specialists. COVID restrictions, automation,
job losses and structural employment shifts are some of
the factors driving the trend towards multifunctional roles.

And to a lesser extent:

¢ Algorithms will control people & behaviour more than people
control algorithms

+» Skills gap will close
*» National self-sufficiency will continue to grow, with borders

closed, inward orientation, political & social disruption of
global collaboration


https://www.climateforesight.eu/global-policy/global-risks-report-2020/
https://globalchallenges.org/

At a more detailed level, experts predict these factors to impact skills significantly across all sectors:

Remote Work = New Norm

Strict Hygiene / Biosecurity

Unemployment & Reduced Spending

National Self Reliance & Domestic Supply Chains

Eco Materials & Production Modes Essential

Digital Currency replaces Cash

Personalisation of Manufacturing

Nationalization of Platforms & Data

Permanent Loss of Jobs due to Structural Shifts

(AN U N U N N

Demographic Changes: Workforce becomes increasingly Senior )

N (NN CNYNCDYCCYNCCNCY O N M

Total Digital Monitoring

)

Cybersecurity & Privacy Threats

Industrial Internet: Big Data Analytics & loT

3D Printing

Supply Chain Transparency

Mixed / Augmented / Virtual Reality

Al prediction & Self-learning Machines

Robotics & Cobots

VYT YA YA YAYS

New Human-computer Interfaces (Touch/Brain)

U
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Executive Summary

Here we see #1 top influencing factor by sector. COVID-19 related factors are indeed shaping the beginning of the decade, while advancements in
digitalisation and automation play crucial role towards the end of the decade.

Top Factors affecting Skills crasters
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* Descriptions and details of how this picture changes considerably for each sector can be

Source: GEF Expert Surveys, n=350

found 1n Chapters 2, 4 & 5.




Emerging Paradigms of the 2020s

SMART From inert things to smart environments. Everything
Is programmable and interconnected. Cybersecurity is critical,
and digitalisation drives change. New social classes defined by
technological literacy can be seen today.

2. RELOCALISED From globalised supply chains and economies
of scale to relocalised independently resilient production networks
serving local communities and bioregions.

3. CREATIVE From standardised produce to creativity-infused products.
Human-centred design, personalisation and creativity are becoming
the norm across all sectors. As automation increases, technology
empowers the rise of the ‘creative class’ — anyone can be a creator.
Mass unigueness assumes that everyone produces and consumes

things that are unique. This uniqueness applies to skill sets and careers.

Creativity and uniqueness will be the main value drivers of the decade,
for employees and companies alike.

Executive Summary

interconnected. Personal, societal and planetary well-being
are inextricably entwined in everyday social ecosystems.
Our viewpoints transition from binary, solo and siloed to
multidimensional, nuanced networks and ecosystems.

6. REGENERATIVE From extractive to regenerative economy.
From industrial revolution hierarchical command, control & conquer
styles and Take-Make-Use-Lose consumption mindsets to nature-
inspired, emergent, distributed, zero waste, life-centred, holistic,
long-term, purposeful perspectives and abundance mindsets.
Regeneration goes further than sustainable practices by focusing
on improvements rather than maintaining status quo. Shifting from
transactional outputs to holistic outcomes (e.g. Farming, Construction,
Manufacturing) includes focusing on environmental impacts
(e.g. soil health, carbon & biodiversity) & social welfare throughout
the value chain, as well as traditional economic measures (e.g. yield,
productivity, profit margin).

These paradigms weave together interdependently with blurred
boundaries. Indeed, integration surfaced as a recurring theme throughout
our research e.g. weaving combinations of skills together, and/or across
sectors. “We are now on the verge of shifting into an economic paradigm
that is not about communism or capitalism; it is about recalibrating equity
and sustainability into a development paradigm.” — Achim Steiner,

UNDP Administrator, 2020°9.

4. EXPERIENCE-BASED From alienated consumerism to participative
experience-based economy. Prioritising experiences over material
consumption helps bridge social, cultural divides, connecting us
to the present & our environment. The consumer can become the
producer & co-creator. Economic indicators (GDP, shareholder value)
are no longer the ultimate goal, but become means to the greater goals
of personal and relational well-being.

5. COMPLEX / NETWORKED From linear systems to networked complex

structures. COVID-19 reminds us that everyone and everything is
6 The Key Role of Mindsets in Human Development, Jirgen Nagler UNDP




' SOCIO-ECONOMIC & CULTURAL

SkRills to Thrive:
Critical Curricula for the 2020s

Our analysis across sectors resulted in a recurrent set of skills
that appear to be fundamental, or universally critical:

COGNITIVE & FOUNDATIONAL

Internal skills of self that help an individual adapt and thrive in the
increasingly complex & uncertain world. Critical thinking and learning

how to learn feature heavily at the top of industry sector skills priorities, as
voted for by 350 sector experts. This is echoed by a majority consensus of
120 Education & Training experts surveyed, stating the training focus
should be: flexibility & openness; critical & creative thinking; systems
thinking & understanding complexity.

Relational skills that support prospering in teams and across communities
& networks, catalysing groups and social cohesion. Skills from this cluster
(e.g. facilitation, co-creation, social & emotional skills, user-centric
approaches) are number 1in most sectors, both now and in 2030
predictions. In 2020, collaboration is the most significant skill across
sectors. E&T expert consensus on key skills: collaboration (multicultural,
on/offline) & enhancing team performance (e.g. collective intelligence

& Al or building trust); empathy; learning to learn & unlearn.

@ TECHNICAL

Executive Summary

& DIGITAL

Skills that connect to the 2020s tech reality and help use the full

potential of digitized workplaces. At a general level, digital fithess
becomes an essential. Big Data and Cybersecurity are considered
significant this decade by all 350 sector experts surveyed across

all 7 sectors, the only skills reaching this level of consensus. E&T expert
consensus on key skills: mathematical & logical thinking complemented by
Al skills, such as content creation, data mining & analysis.

GREEN & UNIVERSAL WELL-BEING

Skills that ensure we are building a thriving future for all life, including
future generations. Regenerative, 7 sustainable & well-being skills are
some of the most significant in most sectors with the notable exceptions
of ICT & Manufacturing & Engineering. E&T expert consensus on key skKills:
understanding climate change effects & interventions, environmental
management theory & technologies, applied to be regionally relevant;
well-being skills (mental, physical & digital).

7 Daniel Christian Wahl's article contains a treasure trove of regenerative education
resources



https://medium.com/age-of-awareness/education-and-regenerative-cultures-version-0-0-cc5c6b086d9
https://medium.com/age-of-awareness/education-and-regenerative-cultures-version-0-0-cc5c6b086d9
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Most Significant Skills skitLs roles
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2030 skills mentioned here are rising in siginifcance during the decade. They can be seen as additional to siginificant skills in 2020, rather than replacing them.
Source: GEF Expert Surveys, n=350

* Descriptions and details of how this picture changes considerably for each sector can be found in Chapters 2, 4 & 5.



Implications for Education & Training 2020s

Executive Summary / Skills to Thrive:

Which training areas are MOST CRITICAL to prepare for the next 10 years?

Critical Curricula for the 2020s
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Education Systems for the 2020s

These are key findings — i.e. majority consensus —
from 120 E&T experts, supported by insights from sectors.

+» Teaching methods: Virtual / remote training of practical skills & soft

skills, together with simulation, role-play, gamification and team-based

learning.

+» Teacher development areas: Design & deliver digital / blended
courses; Motivation & empowerment skills (e.g. developing student
curiosity).

*» Assessments: Human skills, creative capacity, life skills
(e.g. mindfulness, open-mindedness, etc.); Transnational skills
assessment (e.g. ‘Demonstration Exams’ according to WorldSkills
standards)

*» Frameworks: Learning ecosystems, including multilocation learning
environments, community embodied learning models; VET centres /
colleges as ‘organisations that learn’ (updating their curriculum
& approaches constantly).

Executive Summary

+» Collaboration opportunities to become more future-fit:

» Global network of ‘prototype spaces’ to test ‘skills of the future’
(with Global Industrial Partners & research centres)
— Learning Labs/clubs as hub spaces for life-long learning

» Development of international skills standards & infrastructure
(e.g. ‘Future Skills’ in WorldSkills Competitions, sustainable /
regenerative economy skills training)

» Knowledge sharing between teachers, e.g. through inquiry
networks, international internships, acceleration programs for
VET institution teams to improve curriculum & learning methods

» Development of open and freely accessible educational
resources, e.g. MOOCs (Massive Open Online Courses)

» Industry-led challenges to solve industry problems

» Creating partnerships between business & education,
e.g. hybrid learning environments (combining classroom-
company-outdoors-virtual space), pooling of resources,
apprenticeships & internships

12


http://learningecosystems2020.globaledufutures.org/
https://www.mooc-list.com/

Stakeholder-specific Strategies

Please see chapter 6 for the full list of stakeholders,
strategies and details. Key recommendations:

Education & Training, Policy

%*

Support teachers and learners to adopt new pedagogies and tools
(e.g. digital) that empower students and encourage collaboration.

Where possible, deregulate VET institutions to encourage
experimentation, e.g. digital badging & blockchain for adaptable
distributed assessments.

Prioritise collaborations between businesses and training
institutions in critical areas, e.g. collaborations in Manufacturing

& Engineering and ICT, or in Agriculture (which has extreme impact
on the well-being of people and planet).

Catalyze & ‘weave’ local & national learning ecosystems

by facilitating multi-stakeholder alliances & collaborations: learning
beyond classrooms; experiential education based on real problems;
catalysed by transformative learning community builders.

Develop knowledge sharing platforms and ‘integrator’ roles

to bridge the knowledgegap between tech developers and users
in critical areas, such as sustainable / regenerative practices.
Policies & practices are needed to support adoption of existing
technologies. Integrators are key roles to bridge gaps.

Executive Summary

*» Design and promote an integrated approach to measure and manage
economic, social and environmental dimensions, e.g. Doughnut
Economics.

* Continually monitor the skills gap, e.g. quarterly ‘pulse check’
with a pool of businesses, educators, learners and workers.
Regularly update curricula and assessment frameworks to
reflect changing skills landscape (e.g. every 2 years).

+» Develop freelancing & entrepreneurship policies & practices
to empower those displaced to create their own jobs.

*» Create standards to oversee ethical regulation of technology
development (such as Al) and their educational applications.

Companies

** Close the skills gap and get closer to pool of fresh talent by forging
closer relationships with educational institutions. Identify business
problems that can become professional education case studies
& opportunities for student problem-solving challenges.

+» Foster culture of learning: encourage mentorship and
apprenticeship models; cultivate teaching capacity of employees.
Typically, it is cheaper to reskill, rather than hire or outsource.

+*» Promote adoption of advanced technology and future skills
by offering employees new skills and growth opportunities.

13


https://www.kateraworth.com/doughnut/
https://www.kateraworth.com/doughnut/

*»* Create collaborative ecosystems that build ‘win win wins’
with partnersthrough the value chain/circle.

** For greater growth, communicate how your company’s purpose
and culture contributes to thriving people and planet, e.g. consider
which Sustainable Development Goal aligns to your mission.

Individual Learners
— Students, Parents, Employees, Everyone!

** Master life skills and mindsets that are essential for the 21st
century, including learning how to learn, collaboration, empathy,
futures literacy and openness.

¢ Learn about and experiment with new technologies and
practices that become mainstream.

*»* Take responsibility for professional development & career path,
rather than expect an employer or government to unlock your
full potential, passions and purpose.

*» Organise learning circles that help learn skills — engaging
in online courses & communities and practising on your own.

+» Create student and parent committees that demand changes
in education and lead dialogues on necessary changes.

Executive Summary / Stakeholder-specific Strategies

Every person has the potential to shape their world
— our world — with every action. To thrive today
we must find new ways to listen, collaborate and adapt
together. Digital fitness € becomes essential, bringing power
and opportunity. There is hope that automation can free us
to be more purposeful and creative. As our skill sets adapt
to the new landscape of the 2020s, so must our mindsets:
towards our thriving, regenerative future.

What does this mean
for you today?

Please do continue the co-creation of our shared future!
We welcome feedback on this document at
partners@aglobaledufutures.orq or rda@worldskills.ru.

8 e use ‘Digital Fitness’ as a proxy for digital literacy and digital intelligence,
because ‘fitness’ implies conscious well-being, rather than just knowledge.



https://www.un.org/sustainabledevelopment/sustainable-development-goals/
https://en.unesco.org/themes/futures-literacy
https://www.dqinstitute.org/dq-framework/
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Foreword

Dear friends,

We are happy to present you with a result of a half-year project initiated by
WorldSkills Russia and realized by Global Education Futures with a great

support of WorldSkills International and WorldSkills member countries and
regions.

This report has been contributed to by over 700 experts from 45 countries
all over the world.

We started to work on Future Skills in 2015 and from the beginning we
tried to make this work as practical as possible. So, the results of the first
foresight projects have been implemented in competitions on Future Skills
at WorldSkills Russia competitions, and the report “Skills of the Future:
how to thrive in the new complex world” (2017) provided a basis and
inspiration for the Future Skills zone at WorldSkills Kazan 2019. More

importantly, Future Skills started to be implemented in curricula of VET
and HE educational institutions.

This report has been provoked by the COVID-19 crisis and following
lockdowns. At the edge of the new decade our lives changed dramatically
and rapidly. The situation requires that we now live and work in the New
Norm. This made us raise this question again: what are the skills we need
for the future? How did COVID-19 impact skills supply & demand and how
can we be better prepared for the future?

To be as practical as possible we decided to look at the situation through
industries’ lenses and invited representatives of all 6 economy sectors

represented in WorldSkills official list of skills, plus the crucially important
sector of Agriculture and Ecology.

We believe that the outcomes, either sector-related or those that have
implications for Education & Training in general, will give us a New Hope.
We hope to inspire changes that will help young people (and lifelong
learners) to be better prepared for the coming decade.

.k

Ekaterina Loshkareva

Deputy Director General
WorldSkills Russia

Board Member (Strategic Development)
WorldSkills International
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Editorials — Voices from Expert Community

Robert Urazov

WorldSkills Russia Director General

ad b

The year of 2020 accelerated all the trends we have observed lately and one
more time proved that we are to think about the future and get ready for it.
Skills and competencies are in the core of one’s readiness for tomorrow and it
is crucially important to provide relevant education and training for all despite
the age and other factors.

Future skills Initiative has been driving changes in Russia since 2015 not only
being implemented in WorldSkills projects but also changing the model of
educational process in VET and HE by including short-term modules on
Future Skills in curricula.

This project proved it once again that future skills are not only those related to
high-tech but those demanded by labor market in foreseeable future. What is
even more important that cognitive, cultural, socio-emotional and green skills
have been finally acknowledge as equal to hard skKills.

))

To possess an up-to-date skills set is important not only for a successful
employment but also for self-employment and entrepreneurship. Participation
in gig-economy is not only one of the growing trends but also a full-scale
sector of economy with 5-45% of employers using online platforms for a job
that, in many cases, also leads to new working places.

What can we do? Analyze trends, anticipate skills demand, promote, provide
and support relevant educational and training programs with a focus to re-
and up skilling for all and encourage change-making in E&T sector.


https://en.wikipedia.org/wiki/Marc_Ian_Barasch

Editorials — Voices from Expert Community

Carolyn Hayle

Chief Executive Officer at Etalon Global Solutions
Jamaica

The most critical professional or general skills necessary
in the 2020s are adaptability and a willingness to learn,
unlearn and relearn.

The most important change in the education system would be

to integrate skills (an appropriate mix of hard and soft depending
on the sector) into the higher education system. This adjustment
would result in flexible learning pathways and create a competitive
and agible labour market. This adjustment would ultimately create
the framework for intellectual humility and new learning.The focus
for National Policymakers in professional education should be on
teacher education and training, specifically, on learning to learn,
unlearning and intellectual humility. This process should result

in poly-maths that can create the human capital needed for
systems thinking in a circular economy.

))

International Futures Forum Research & Innovation
Spain

In order to be prepared to meet the future you see coming,

in a way that is fundamentally different from the past, we need

to redesign human impact on Earth as a transformative response.

Of course, there are wonderful technological applications that will
be useful to us, but the real skills are actually much more in healing
relationships at the local level, relationships with place, relationships
to local food, to local watershed, to local ecosystem. The primary
need is to bring people back into a deeper relationship with their
places. The only way to rebuild planetary health and create

the abundant thriving planet that sustains the future humanity
and the rest of life is by human beings becoming the healers of
the places they inhabit, rather than exploiters. Key skills: healing

your local ecosystem; developing a deep relationship of custodianship
and stewardship to your place, and the community of life in that place.

How do you become a chemist and an innovator in the space of your
local bio materials economy? Future-orientated policy should enable
people and businesses to do so everywhere around the planet.

In education, we need to build people’s capacity to build resilience

in place, and become ecosystems healers in place, deeply localised
and adapting to each unigue context.

Daniel Christian Wahl ,,
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Editorials — Voices from Expert Community

Marc lan Barasch

Author, Editor, Film & Television Writer-producer
USA

A goal of “sustainability,” though laudable, is not sufficient. Our educational
system now needs a transformative theory and praxis to teach (and learn)
how to co-create a Regenerative Society — one based not on heedlessly
extracting resources and then trying to offset its direct harms, but purposed
toward augmenting the health of people and planet as its central operating
principle. It is a principle that iterates across disciplines and domains:
developing regenerative finance and “fintech” to flow capital toward
enterprises that enhance the mutual thriving of humanity and nature;
regenerative industries, whose inputs and outputs, upstream and
downstream improve the ecosphere, rather than deplete it; regenerative
agriculture, where biodiverse trees and crops produce food, medicine

and materials while restoring and maintaining biota-rich, carbon-storing
soil; regenerative urban design that increases the well-being of both

))

Our planetary civilisation has reached a clear
(and harrowing) inflection point: We must
transform society’s business-as-usual or
face unthinkable catastrophe.

the human community and the natural one; regenerative architecture

and building materials that enhance clean energy, air and water; consumer
goods, designed and produced in ways that help renew landscapes and
seascapes, not degrade them; regenerative “make-overs” of our systems
of transportation, energy, justice, governance, healthcare, and more. It may
sound utopian, but in light of the evolutionary bottleneck of the current order,
it is urgent pragmatism. We have no choice but to invent and inculcate
radically innovative ways to address human needs while remediating the
biosphere, and achieve this at a speed and scale with, as a recent IPCC
report put it, “no documented historic precedent.” We must seize what may
be a single generational opportunity to “flip the script” on dystopia and
become “solutionaries” for a new era of human and natural thriving.


https://en.wikipedia.org/wiki/Marc_Ian_Barasch
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Editorials — Voices from Expert Community

The world of work is undergoing major changes that will continue and potentially
intensify in the future or in the rapid advent of the exponential technologies like robotics,
Al, machine learning, internet of things, blockchain and 3D printing. These changes are
leading to the creation of entirely new industries, jobs, goods and services. Industry

4.0 coupled with demographic trends and globalisation will also impact the jobs

and the skilling ecosystem.

The global workforce and the citizens will have to constantly keep upskilling
and reskilling to stay relevant to the changing modern way of living and working.

The skilling ecosystem needs to reinvent itself to keep in sync with this paradigm shift.

Industry 4.0 and related innovations are also creating more opportunities. While

there are job losses in traditional manufacturing and services sectors due to automation,
there are news jobs that are being created in new age manufacturing and services that
need high-order skill sets. In 2018-19 countries like Germany, Korea, Singapore had the
highest global density of automation, yet they had high employment rates. Similarly The
FICCI Future of Jobs report in 2017 mentioned that in India, although automation created
10% job losses, there were 9% of jobs created in sectors like BFSI, IT& ITES, Textile, Retail

and Automobile.

New consumption and production patterns, resource efficiency and emission targets will
influence jobs and skills across the world that require hybrid skills such as the green
electrician. As per the ILO estimates the net employment effect transitioning to a low-
carbon economy will be positive with around 19 million new jobs created globally by

2030 as a result of decarbonisation of energy use and energy efficiency measures.

))

Shobha Mishra Ghosh

Assistant Secretary General, FICCI
India

Due to the current pandemic situation businesses have started thinking about alternative
Work from Home Models and leveraging the gig economy to the fullest. Post-covid, digital
literacy, coding skills, critical thinking, creativity, problem solving, innovation, etc will be
requisites to enter the labor market. The covid pandemic has also brought to the full the

need for skills like social intelligence, emotional intelligence, and empathy.

Rapid technological changes, digital transformation, new Edtech skills, global and local
socio-economic and environmental challenges have made university and industry
collaboration critical and crucial. For building a future foresight and solving present societal
challenges, industry-university partnership is the driving force and must be nurtured. For
example, universities like Oxford University are collaborating with pharmaceutical and
biotechnology companies like AstraZeneca and Serum Institute of India to develop a
vaccine for COVID-19. In India Samsung is collaborating with IIT Guwahati and will train
students on Internet of Things, embedded systems, Al, Machine learning, to make them
industry ready. Industry has always complained about the skill gaps in new recruits.
Apprenticeships (including virtual) with industry or social and organizations is a proven

method to bridge this gap and provide Learners with real work experience.
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1. Introduction: Why future skills?
Work, disrupted

Until recently, the world of work was relatively stable. Career decisions
would be taken at the beginning of professional life, and a single choice
would be preserved consistently, often accompanied by staying with

the same employer for decades. Even in the late 20th century, inherited
careers were not uncommon, with parents passing vocation onto their
children. In the 1980s, Japanese companies were proud of their life-long
employment practices that could yield unprecedented productivity and
loyalty from their ‘salarymen’ — while US and European companies were
trying to master these ‘best HR practices’ sometimes considered the
‘secret sauce’ of Japanese economic miracle.?

In the early 21st century, however, things started to change dramatically.
Exponential digital technologies, continuous managerial innovations and
global hypercompetition have produced a situation where any sector or
business model can potentially be disrupted and overthrown. Film
photography, morning newspapers, paging telecom, mom & pop stores
— these and many other familiar solutions of the recent past were going
away one by one, giving way to new shiny products and formats. The

rate of change in all sectors accelerated — and so did the transformation

of labour markets. Today, a list of most popular jobs in the economy can

get completely rearranged in 3-5 years, and whole new economic sectors

may emerge, flourish and disappear in just 10-15 years. There are no
guarantees that a certain career or job will remain in demand in the

9Eig; Peter Drucker’s essay: What We Can Learn From Japanese Management
— Harvard Business Review

10 End of Heisei Era and Lifetime Employment, Yumiko Murakami, The Japan Times
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foreseeable future. Even the Japanese Business Federation admitted
in 2019 that the lifetime employment system is ‘no longer sustainable’.19

In 2013, Oxford Universities researchers’ forecast that 47% of all jobs on
our planet (2 billion jobs) could be potentially automated in a technically
and economically feasible way before 2030.21 Yet, as these figures were
startling, they provoked a wide discussion, and forecasts by OECD,
McKinsey and other groups indicated the range of 15-20% job
displacement driven by technologies. However, what is important here is
the message: the world of work is fragile, it can be destroyed by upcoming
innovations, and the future holds hostage all of us. We hear that machines
can be better at many vocations — they can play chess better, drive cars
better, diagnose cancer better. We hear that over time humans will become
dispensable, that most of the humanity will be a ‘useless class’. 12

We are entering a world that is increasingly complex and uncertain.

As many researchers advise, in order to succeed and thrive in this world,
we need to enhance our collaboration and our trust with each other, and
should do so in ways that are increasingly sophisticated. But if any sector
or any job can be disrupted, longer-term strategies become riskier and
the reliability of and collaborations is waning away. There are also hew
challenges on the horizon that could be even more serious than job
displacement by automation — humanity needs to overcome threats

11 The future of employment, Oxford Martin. Coauthor Carl Frey indicated that ‘being
feasible’ does not mean ‘being certain’ during WorldSkills forum sessions on ‘future
skills’ in 2017 (Abu Dhabi) and 2019 (Kazan).

12 As described in Yuval Harari's ‘Homo Deus'’
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https://www.japantimes.co.jp/opinion/2019/05/02/commentary/japan-commentary/end-heisei-era-lifetime-employment/
https://www.oxfordmartin.ox.ac.uk/publications/the-future-of-employment/
https://www.ynharari.com/book/homo-deus/

of potential global wars using existentially lethal technologies, address
the climate crisis and the unfolding collapse of the biosphere.

This situation is decidedly uncomfortable for businesses, labour markets,
and regulators. It also creates new circumstances for the professional
and general education & training around the world. In particular:

*» Traditional models of qualification, such as diplomas and certificates,
may become increasingly irrelevant — even with cutting edge training
programs, their validity can only last a few years until skills transform
or disappear.

* Secondary education alone will not be able to accomplish adequate
vocational training and career preparation (as it was often anticipated
in the past), unless it actively collaborates with businesses and
research centres.

*»* Paid education (especially, higher education) may not have guaranteed
‘payback’ for the individual unless it focuses on skills that increase
personal adaptability and allow it to cope with complexity.

** The curriculum of both secondary and tertiary education is also
increasingly challenged, in terms of its ability to support personal
and global well-being, and prepare learners for life, both now and
in the future.

13 E.g. see this discussion Do We Need Humans?, TED Radio Hour
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The idea that technological advancements jeopardise our common

future and collective well-being is relatively new. Throughout the 19th
and most of the 20th century, scientific & technological progress was
largely presented as an undeniable ‘force of good’ that evidently benefited
most of the society: electricity, cars, telephones and washing machines
served human beings and made the human world more comfortable and
reliable. Even the nuclear and bacteriological warfare, while being an
existential risk for our civilisation, did not massively affect our daily lives
and our lifestyles at the scale that digital technologies did. Furthermore,
as the rate of technological change was then still low enough for humans
to adapt to upcoming changes. So we could hardly imagine ourselves
asking: why do we need humans if technologies are so much more
efficient at everything?

But in the last decade the question has been asked 23 — and it
demands to be answered. We need to better understand how and why
humans will learn and work in the 21st century. We need to create new
meanings, to draw new dividing lines between humanity and constantly
evolving technology.

These lines cannot be drawn post hoc, as technologies

evolve too fast, and their implications become too massive and wide-
spread. We need to establish new rules of the game that will allow for

a coordinated development of our civilisation, especially in the education
& training sector. That is, we need to move from adaptive to pre-adaptive
development:

22



*» Adaptive development assumes that humans create responses
to existing situations or problems, gradually moving to consensual
solutions;

<% Preadaptive development 14 assumes that humans need to
anticipate possible future situations and prepare beforehand,
addressing problems at the point of their emergence and not full
manifestation, curbing undesired future scenarios, and generating
new opportunities for desirable futures. Preadaptive development
holds the idea that we are not simply preparing for the possible
future — we are actively shaping the future.

The preadaptive ‘working with future’ concerns not only technological
progress and its consequences, but also many other issues related to
sustainable development and ability to overcome global risks.

In 2020 a global pandemic started, a risk forecasted by futurologists
at least throughout the last decade 13. COVID-19 pandemic is not only
one of the greatest global threats to public health, it also shapes urban
services, transportation, retail, education, and many other sectors.
COVID challenges are better addressed by those countries, sectors
and organisations that have prepared beforehand, that underwent
digital transformation, created agile governance practices, 16

and developed anti-fragility capabilities — in other words,

by those who acted in a preadaptive way.

14 Preadaptation or exaptation is a concept derived from evolutionary biology: Exaptation
The notion of preadaptation in education has been proposed by Alexander Asmolov, a leading
Russian expert on developmental psychology.

15 Giobal Challenge 8, The Millennium Project

16 See, e.g. Organisational Speed in the Post-COVID-19 Era, McKinsey and Company
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These sectors and organisations are not simply the ones that

are most resilient. Right before our eyes, these players start to shape

new rules of the game: network-based markets & organisational structures,
locally situated economies, flexible employment structures, distributed
life-long learning systems, etc. COVID has accelerated change.

We should ask ourselves: what is the future that emerges? To what

extent this future is already being shaped by key players, such as Big Tech
FAANG 27 and global banks — and to what extent it can still be influenced
by all of us? What will be the role of education & training systems that

can cultivate new skills and mindsets for the changing reality — and help
human beings jointly address the global & local challenges they are facing?
Sometimes our societies pass the ‘scenario forking’ or ‘bifurcation point’,
short periods of time when, due to greater social, political or cultural
instability, the impact of small groups can shape the global future

of the whole civilisation.

Our future is full of fears and threats: we envisage our freedom
and privacy taken by corporations and governments, we imagine
our jobs, our meaning of life and maybe even our life as such taken
by hostile technologies...

How can we co-create the future that is not frightening but inspirational?
A future that will work not only for technological and financial elites
— but for 100% of humanity 28 — or better, all living beings on Earth?

17Acronym for Facebook, Amazon, Apple, Netflix, and Google

18 In words of Buckminster Fuller: ‘Make the world work, for 100% of humanity,
in the shortest possible time, through spontaneous cooperation, without ecological
offense or the disadvantage of anyone.’
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Moving into the Hopeful Future of Work

The idea of inspirational futures for workers has been a defining thread
through our own work. In 2014, collaborators 12 from SKOLKOVO and
Russian Agency of Strateqic Initiatives published an Atlas of Emerging Jobs,
a ‘compendium’ of jobs of the future — one of the largest in the world.

This study has been co-created with leading national & international
employers, startups, academia, regulators and NGOs — hundreds

of organisations from over 30 sectors have been co-defining ‘maps

of the future’, identifying new tasks and job roles, and describing over
200 new careers. This work has exemplified that technological and social
changes bring not only threats but also many opportunities. The forecast
was becoming a reality before our eyes, and many of the ‘emerging’ jobs
of 2014 list have become regular ones in 2020. What is more important
is that the Atlas has become an ‘acupuncture intervention’29 that

has catalysed changes in universities, schools and regional education
systems, and inspired many projects in complementary education

and career advising.

The Atlas offered a positive and inspiring vision of the future: it did

not threaten readers with possible unemployment or suggested to hold
back the progress, but showed the world full of hopes and possibilities.
Job roles described in the Atlas are only examples, there are thousands
more possible careers emerging. Through their learning with the Atlas,
teenagers, families, teachers, and administrators learn to comprehend
and reimagine the future.

19 The group that later established Global Education Futures

20 Jaime Lerner, a Brazilian urbanist, devised the idea of small scale - high impact uzxban

intervention projects he called ‘urban acupuncture’
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The Atlas has instigated WorldSkills inquiries and experiments 22 with
‘skills of the future’ that aimed at understanding the qualities of future
professionals and systems that train them. Skills of the future, the joint
study by WorldSkills Russia and Global Education Futures published in
2017, described a massive transition as the traditional world of industrial
jobs falls under siege by automation. Standardised products and
operations (envisaged as routines or algorithms) are increasingly taken
over by artificial intelligence and robotics. At the same time, a whole new
world of human-cenred work will flourish, established upon unigue human
abilities, such as creativity and empathy, that will yield a great multitude
of new types of work — and the variety of tasks, skills and jobs will
increase manifold. (Figure 1)

The report considered several megatrends that shape the future of work.
Technological progress and demographic growth increase the diversity

of human occupations, i.e. increase the complexity of our civilisation.

The growth of complexity requires new ways of governing, transiting from
hierarchy-based to network-based organisational forms. These processes
will continue in the next few decades, so a highly probable future is not the
one dominated by mega corporations, but the one where complex
ecosystems of product & meaning producers exist, pulling together
networks of individuals, small, medium & large organisations. Workers
operating in such networks are holders of unique blends of competencies
and personal traits that establish their unique value propositions

to communities they work with.

21 Many of these prototypes were created by Ekaterina Loshkareva and WorldSkills Russia team
at WorldSkills HiTech competitions in 2014-20, and in FutureSkills zone of WorldSkills 2019
Competition in Kazan.
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Figure 1: Transition to Mass Uniqueness of Products and Competencies

Source: Skills of the Future: How to thrive in the complex new world, WorldSkills Russia & GEF)



In the world where anything that is standard and routinised can be
automated, the main value will be provided by products and operations

that are non-standardizable — or unique. We are entering the world of ‘mass
uniqueness’. Specific professional skills (such as software design or machine
tooling) become increasingly granulated — and also increasingly short-lived,
because technological progress always has a potential to disrupt them.
Therefore, the report suggested that it is important to transit from narrow
specialisation to the development of ‘generalist’ skills that can allow one to
flexibly adapt, learn and thrive in the new complex world. New skill models
should prioritise human skills and existential competencies that establish
the foundation for thriving and success — so it needs to become the focus
of professional education & training.

The idea of ‘mass unigueness’ was further elaborated in Mission:

Talent, the joint 2019 report by WorldSkills Russia, Rosatom & BCG.

The report estimates that the transition towards a mass uniqueness model
will create an additional 0.5-2% annual growth of the world economy.

In order to capture this opportunity, a number of systemic policies should
be established (F*gure 2) including changes in the labour laws and
principles behind VET system organisation. However, a number of important
transitions should also occur to the basic competence model of workers.
First, every worker should prioritise life-long employability, constantly
seeking opportunities for life-long learning in the workplace, within higher
and complementary education, etc. Second, professional education

& training should focus on developing a fundamental skill set that includes
creative and critical thinking, digital skills, etc. Finally, among the most
critical skills are those that support professional self-sustainability, such

as an ability to establish & navigate a personal career development pathway,
to create a personal learning journey, to connect and learn with professional
communities of choice, to promote oneself within those communities.
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Figure 2: The Principles of a Human-centric System
in serxvice of Mass Uniqueness

Source: 'MISSION TALENT: MASS UNIQUENESS.

A Global Challenge Tor One Billion People’, WorldSkills Russia, Rosatom & BCG
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The ideas of the 2017 and 2019 reports have evoked the WorldSkills Kazan
2019 Skills Declaration that establishes principles of human-centric
talent management system. Kazan Declaration claims the need of

‘skills of the future for everyone’: that every person should receive

a set of competences for employment, including basic and cognitive
skills, as well as social, cultural, green and digital competences.
Opportunities for personalised development and mobility, and respect
for individual traits and values should all become part of the new system.
The Declaration suggests that professional development needs to
happen in human-centric ecosystems for life-long learning and career
opportunities. This report you read now carries forward the main inspiration
of these earlier studies, prototypes and visionary statements: we need
to explore and materialise the positive future of work and skills. A clear
and consolidated vision of the future is required, that includes voices
and positions of all key stakeholders. We also recognise that the world

is changing right in front of our eyes: the COVID pandemic and its
consequences create the ‘new world order’, and the earlier we begin

to explore possible scenarios, the better we can prepare ourselves

for these possible futures — as the preadaptive approach suggests.

This is why Global Education Futures and WorldSkills Russia with the
support of WorldSkills International have brought together hundreds

of business and vocational education experts from over 40 countries

for the world to participate in visionary sessions that explored the

future of skills and learning in the 2020s.
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Our study explores sectoral tendencies and processes —

and then generalises those to underscape the ‘landscape of skills

and jobs’ that arises. We do not create an overarching set of scenarios
for the future of work — instead, we help to ‘reveal’ the patterns
encountered by sectoral experts.

Our purpose is to connect the ‘future skills’ concept and the idea

of preadaptive system development with approaches and frameworks
that can be implemented today or in the foreseeable future. We provide
specific proposals for action that will help root this new paradigm in 21st
century education & training systems. The future emerges right in front
of us, and our own actions shape it.
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Report Purpose

The COVID-19 crisis has created strategic uncertainty that is anticipated to
challenge and disrupt many existing sectors of economy. The impact

is expected to be multidimensional: some sectors, such as tourism and
passenger air transportation, have diminished, while others, such as digital
services, have been rapidly expanding. Digital transformation

& automation began to accelerate as businesses tried to recover from
pandemic’s effects. Companies started to massively revise their business
models and their risk management strategies to restore their operations
and build up resilience against future risks. The global economy is visibly
changing, and so skill standards and skill development strategies have

to be revised in accordance with the new reality.

The purpose of this project is to gain insight into the future and reduce
uncertainty for the landscape of skills and jobs in the 2020s. We do

SO by engaging in the co-creative ‘future mapping’ that helps emerging
trends, technologies and business models that reshape the skills needed
to thrive through the decade. Our goal is to identify the impact of sectoral
transformation on skills — which skills are expected to emerge, transform
or disappear — and then define implications of skills demand evolution
on sectoral & general professional education.
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We aim to answer the following questions:

N/
%

How will the megatrends that we have earlier identified as ‘drivers
of the future’ (in our 2017 & 2019 reports) impact the demand for
skills in various economic sectors in the 2020s? Which new factors
are emerging?

What is the impact of COVID-19 pandemic on the future of sectors
and the future demand for skKills in particular?

What are the main shifts in the ‘landscape of skills’ that we
can see, e.g. new employment scenarios?

What will be the ‘fundamental skill set’ model for the next decade?

What is the future of skills in the 2020s across main sectors of the
global economy (e.g. Agriculture, Manufacturing, and Services)?
What are some of the most important ‘future skills’ that will be
demanded in those sectors?

What are the new requirements that the world economy

(and specific sectors) set to Education & Training systems? Which
areas — such as curriculum, teacher training, assessment systems,
etc. — can bring the most significant impact?

What are the directions of local and global collaboration
in order to evolve talent development systems and labour
markets to become more future-fit?

28



This report supports the mission
of WorldSkills: ‘to raise the profile
and recognition of skilled people,
and show how important skills are
in achieving economic growth and
personal success.’

The WorldSkills movement is currently
comprised of 85 member countries
and regions who cover two thirds

of the world’s population. WorldSkills
is one of the largest global
movements committed to improve
the world through the power of skills.
We also hope that facts, ideas and
forecasts presented in this report
will help the WorldSkills community
and partners to lead sectoral,
national and global conversations

on skills transformation and
professional education changes.

WoxrldSkills
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Kazan 2019 (Opening Cexemony). 250,000 visitors saw 1,300 competitors taking part in 56 skills.
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Who is this Report for?

+* Vocational Education & Training practitioners, policy shapers,
academia and media

** Global and national NGOs in the field of job markets
and skills standardisation and policymaking, young people
empowerment & career and professional education,
including WorldSkills-related National Skills Organisations

+* Businesspeople & Sector Experts

+* General public of life-long learners

For the purpose of this report, we focus on global economy sectors

that are some of the largest in terms of employment and valued added
creation, together accounting for more than 90% of the global

workforce. 22 The majority of these sectors are also in the scope of
WorldSkills competitions and programs. The only sector that is not

part of WorldSkills is Agriculture & Ecology — we introduce it because

of its scale (over 28% or 1.3 Billion are employed in this sector worldwide),
and its critical importance for the 21st century — agriculture is considered
one of the main contributors to climate change and biodiversity loss,

so changing its practices is vital for our collective futures. Some sectors,
such as healthcare, finance and real estate, were not part of our
consideration — although a number of relevant trends were considered in
human centred services, ICT, and construction, respectively. These
sectors are shaped by a number of technological and socio-cultural
innovations that are sector-specific and can be explored in later studies.
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Sectors Covered in this Research:
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Full descriptions of each sector can be
found at the start of each sectoral chapter.

22 \orld Employment and Social OQutlook: Which sector will create the most jobs?, ILO
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Methodology

Our study was comprised as the following four-step process:

STEP 1

e Expert selection and invitation campaign brought together 302 sector
experts from 46 countries into online foresight sessions. The project
team refined the Rapid Foresight methodology (in its Skills Technology
Foresight version) for online facilitation and ran prototype sessions.

STEP 2

e 17 online 2-hour co-creation sessions were conducted. Experts
(average of 17-20 per session) worked in micro-groups of
3-6, co-creating Google Doc ‘future maps:.

SESSION 1: SESSION 2:
EDUCATION AND TRAINING EXPERTS

Sector Change in i Change B H1ggi::;un
future map jobs [ tasks in skills -

and Training
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STEP 3

e Results of explorative sessions were filtered for relevance & consistency.
Key ideas were converted into 8 sectoral online surveys that helped
refine findings and reduce potential biases. 502 experts completed
the surveys. Survey results were ranked based on the data provided.

STEP 4

 Final results were summarised in the present report, including sectoral
overviews & future maps (Chapter 4), factors influencing future of skills
(Chapter 2), ‘common denominators’ of sectoral forecasts, including
key shifts of the economy, main transitions in the skills landscape,
the emerging ‘fundamental skill set’ (Chapter 3), and strategies
for Education & Training sector and relevant policies (Chapter 5&6).

Supporting literature research was carried throughout the project,
crowdsourced from hundreds of experts.


https://en.calameo.com/books/004713978e20a9a5b5ba7

Our choice of Rapid Foresight as a method of future skills research comes
from a decade of Global Education Futures practice. The methodology

of Skills Technology Foresight that our team has created jointly with the
International Labour Organisation has been proven efficient in dozens of
projects conducted in over 20 countries of the world. The methodology
and this project reflect the principles that we strongly believe in: deriving
knowledge from horizontal communication of practitioners that engage

in the co-creation of achievable visions of the future.

Future foresight is clearly beneficial when it shines a light on what we
don’t know. It's less about being predictively accurate, than helping us
understand and navigate qualitative changes anticipated in our near and
longer-term futures. Whilst we framed our questions to have participants
focus on what is likely to happen, this foresight work helps us intentionally
choose which pieces of potential futures we'd like to keep & which we'd
like to move away from.

All factors and skills mentioned are emerging in some shape today —

but many of them may still exist in a very nascent form. We asked experts
when they will be significant in the sector, i.e., widespread impact,

or clearly disrupting sector & transforming roles. The calculations

for ‘average year’ can be seen in the sectoral tables. This is not intended
to be forensically accurate, but can give insight to direction, timing and
relative importance. We typically take longer than expected to complete
complex tasks (sometimes referred to as Planning Fallacy 23), therefore

1.Introduction: Why Future Skills? / Who 1s this Report for?

estimates here should be taken as a general direction, rather than precise
predictions. That said, the rankings of skills and factors of the future

can give an accurate estimate of relative sentiment and priority from

the audience of experts.

We also recognise that any study like ours will inevitably have its biases.
We invite contributions from all parts of the world. Our contributors
originate from 46 countries spanning 6 continents. Combined, participants
have over 6000 years of sector-specific experience. They represent
Academia (Deans, Professors, Researchers), Business (CEOs, Charpeople,
Executive Directors, etc.), E&T Practitioners (Education Department
Heads, Lecturers & Teachers, WorldSkills Experts), NGO & Government
officials, Media and Student learners. Details per sector can be found in
the Annex. Our working group includes members from India, Russia,
Europe, USA and Canada, with gender and age balance considered. %4
Our sessions aimed to encourage open communication and representation
of all voices. However, we acknowledge to have biases imposed on us

by our education, our cultural and professional background. We welcome
voices that are underrepresented in this report — various professional

and cultural communities, political, social and spiritual leaders —

to engage in the global conversation to weave together a great

tapestry of new skills for the 21st century, for the benefit of all.

23 Why do we underestimate how long it will take to complete a task?, The Decision Lab

24 e use both British and American English in this report, as a nod in the direction
of linguistic diversity. We welcome collaborators wanting to translate to other languages.
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2. Key Trends of the 2020s

Game-changing trends that necessitate changes in skills and education
are careering towards us, faster than we have ever seen in history.
Collectively these changes require us to change mindsets, to shift

from adaptation to preadaptation, as our futures accelerate.

2.1 The Age of Great Acceleration

We are living in the world that is in the stage of accelerated change —
and the reason for that is rooted deeply in the way our society is

organised. Over the ages, humans learnt how to convert their accumulated

practical knowledge (or ‘technologies, both ‘hard’ ones, such as
steamboats and aeroplanes, and ‘soft’ ones, such as bureaucracy and
accounting) into opportunities to expand and proliferate. This process

is self-reinforcing: technological development enables further population
growth, greater connectivity, and technosphere expansion, which in its
turn increases human knowledge and innovations.

This technological and sociocultural development allowed human beings
to spread to every corner of our planet, and to adapt to any natural
environment from icy Arctic to hot Sahara desert — but until very recently
it was fairly slow. Things started to speed up during the Industrial Age,
and in the 20th century the world’s population surged from 1.6 to over

6 billion. Humanity becomes increasingly connected and empowered,

and thanks to its technological advancement, humankind has been able
to largely eradicate many of its existential threats, such as famine and
many lethal diseases.

Today, the dynamics of a ‘permanent’ technological revolution continues
to shape modern society. Technological revolutions provoked by critical
inventions were very uncommon before or at the beginning of the
industrial era: an invention, such as the steam engine, could appear

once in a quarter or half a century. Today, such inventions appear every
2-3 years: in the last decade, the world saw dramatic progress in machine
learning and deep neural networks; the emergence of biotechnology,
such as CRISPR 22 that can revolutionise agriculture and biomedicine;

and creation of many new materials. Critically, institutions that support
scientific research and technological development have become catalysts
of change.

However, such power comes at a high cost. Human activity is now one
of the prime drivers of change in the Earth System — the sum of our
planet’s interacting physical, chemical, biological and human processes.
Figure 3 shows the exponential growth of human collective capacity and
consumption, mirrored by the growth of our ecological footprint.

We are living in the Age of Great Acceleration, when all of the key planetary

systems — oceans, land, atmosphere and biosphere — are quickly
depleted or disrupted at a pace previously unseen. This process
presents massive risks for our collective futures.

25 hat Is CRISPR?, Aparna Vidyasagar, Live Science
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Socio-economic trends

Earth system trends
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A VUCA World

As changes drive social and environmental tipping points,

it also becomes evident that many human systems, including businesses
and public policies, evolve at a much slower rate than the technological
sector.(Figure 4) Keeping up with the pace of change can be
overwhelming, or impossible for some. What emerges as the reality
often referred to as VUCA: volatile, uncertain, complex and ambiguous.
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Individuals

Today

Figure 4: Comparative Rate of Change in Human Systems

Source:

Deloitte Insights
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https://www2.deloitte.com/xe/en/insights/topics/marketing-and-sales-operations/global-marketing-trends/2017/introduction.html

VUCA is a situation of ‘fundamental uncertainty’ that is particularly
problematic for building long term professional development strategies
and career pathways. Where once a career and skill set could last

a lifetime, in the near future we will all be challenged to reinvent our
skill set on an ongoing basis. The very nature of skills, their direction,
organisation, the way in which they are learned, form, content and
location will all change.

The skills gap affects all of us, from employers, students, families,
everyone. Up to 375 million workers (14% of total) may need to
change occupational categories and acquire new skills by the year
2030. 26 Closing the skills gap could add $11.5tn to the economy
by 2028 according to the World Economic Forum. 27

26 How will Automation affect Jobs, Skills, and Wages?, McKinsey Global Institute

27 Closing the Skills Gap Accelerators, World Economic Forum

2.Key Trends of the 2020s / 2.1 The Age of Great Acceleration:

Mean productivity loss due to skills
mismatch is ~6% ...
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Figure 5: Productivity Loss due to Skills Mismatch
in Various Regions of the World

Source: Mass Uniqueness: A Global Challenge for One Billion Workers,

Worldskills Russia, Rosatom and BCG

A VUCA World
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https://www.mckinsey.com/featured-insights/future-of-work/how-will-automation-affect-jobs-skills-and-wages
https://www.weforum.org/projects/closing-the-skills-gap-accelerators
https://worldskills2019.com/application/files/2715/6690/3205/ENG_BCG_Mas_Unikum_August_17.pdf

VUCA

Volatility

VUCAPRIME ACTION

Clarify purpose, focus on desired outcomes,

Vision set strategic intent (vs reaction)

Uncertainty  Understanding Question and listen, dialogue before deciding

Engage with others to make sense of what is

Complexity  Clarity occuring, use multiple perspectives to frame a
likely story
Rapidly prototype possible solutions,
Ambiguity Agility experiment, reflect, learn and iterate (vs plan &
cascade)

Figure 6: VUCA Pxrime - A solution to VUCA

Source: Cornerstoneintegral.com

2.Key Trends of the 2020s / 2.1 The Age of Great Acceleration:
A VUCA World

Bob Johansen 22 showed there is a positive side to the VUCA world

(he calls this VUCA Prime): “We all need some comfort and security in life.
In order to thrive, beyond just surviving, people must take on dangers and
turn around the uncomfortable VUCA acronym by developing the skKills
and state of mind that | describe as having Vision, Understanding, Clarity
and Agility... We need to call attention to the challenges, but we also need
provocative ways to generate believable hope” The proactive version

of VUCA shows both the necessary attitude in the VUCA world,

and how opportunities can be created from it.

29 Get There Early: Sensing the Future to Compete in the Present, Bob Johansen
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https://www.goodreads.com/book/show/1506523.Get_There_Early
http://www.cornerstoneintegral.com/leading-in-vuca-1

@ COVID-19: A Trigger for the Next Stage of Acceleration?

The COVID-19 pandemic (hereinafter referred to as COVID) presented
itself to the world as a manifestation of the VUCA World. Governments
and businesses around the globe turned out to be largely unprepared

to deal with the situation. Even though anticipated 39, the pandemic
was a highly unlikely event — so businesses preferred to leverage global
systems of manufacturing and logistics and to stay lean, rather than

to build themselves up with resilience in mind. According to Nasim Taleb,
the COVID crisis might not have occurred if the world as a system would
have taken in Jacobsen’s point. This would involve applying a positive
mindset in a VUCA world: understanding possible futures and building

a clear, agile vision to thrive.

L}
OIIIXO
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The pandemic is expected to have a significant and lasting impact

on skills. Table 1 helow shows these factors by sector. Unsurprisingly,
a majority of our respondents indicated that remote working is already
the new norm. These and other COVID-related factors increase the
acceleration of change — and require companies and economies to
be more agile and speedy than ever. 31

= | oA

o 3 ° 3 . =
% of Respondents indicating the Factor that MANUFACTURING | CONSTRUCTION & TRANSPORT ICT & HUMAN & SOCIAL CREATIVE AGRICULTURE
will have a significant Impact on Skills in 2020 & ENGINEERING INFRASTRUCTURE &LOGISTICS DIGITAL SERVICES INDUSTRIES &ECOLOGY

Remote Working becoming New Norm
Strict Hygiene / Biosecurity Rules in Production & Delivery
Unemployment, Jobs Disappearing & Reduced Spending

Push to more National Self-reliance & Domestic Supply Chains

Table 1: Survey Results: COVID Factors affecting Skills.

Source: GEF expert surveys, n=502

30 Examples: Millennium Project Challenge 8, Johns Hopkins Center for Health Security
and author Nassim Taleb

31 Examples: Heather McGown, Forbes and The Great Acceleration, Mckinsey
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http://www.millennium-project.org/challenge-8/
https://www.centerforhealthsecurity.org/event201/
https://www.bloomberg.com/news/videos/2020-03-31/nassim-taleb-says-white-swan-coronavirus-pandemic-was-preventable-video
https://www.forbes.com/sites/heathermcgowan/?sh=8f29cf317f00
https://www.mckinsey.com/business-functions/strategy-and-corporate-finance/our-insights/the-great-acceleration]

Analysts and futurologists have suggested that COVID can also
provoke a number of long-term changes, including:

® The speed-up of digitisation in all sectors3?

@ Relocalisation with focus on local markets and technologies
that bring manufacturing closer to end consumers

@ Online shopping & decline of physical shops

@ Large-scale automation accelerates — due to the necessity
for sectors to adapt

@ Rising competitive intensity — agile & tech-driven winners
capture the lion’s share of industry value

@ Consumers becoming more prudent and health-conscious

@ Rising physical and mental health issues (e.g. stress, anxiety, OCD)
driving increasing need for economies of care and connection

@ Income and health inequalities — people at the bottom of the
socioeconomic pyramid suffering most (including people living
in poverty, elderly, disabled, youth and indigenous peoples) 33

@ Private and social sectors stepping up (the private sector plays
a stronger socio-economic role, while the social sector rises) 34

32 sce Section 4.4 ICT sector + Accelerating trends in China since COVID-19, McKinsey

33 Everyone Included: Social Impact of COVID-19, United Nations

34 A Changed World By 2030: How Covid Accelerates 6 Key Trends, Dan Bigman chiefexecutive.net

2.Key Trends of the 2020s / 2.1 The Age of Great Acceleration:
COVID-19: A Trigger for the Next Stage of Acceleration?

COVID also has a huge effect on skills in Education and Training,

and drives arguably the most rapid large-scale change in education

in history. 1.5 billion learners stayed at home because of COVID in 2020,
so many educational institutions had to find ways to move lessons online,
almost overnight. We have seen massive reskilling of teachers as well as
students to teach and learn online, an ongoing growth-stage process,
with tools and methods for online education still under development.

To what extent this move online will last in the coming ‘COVID-ready’
years is yet unclear, but already many schools see the benefit of keeping
at least part of their curriculum online, usually in some hybrid form. COVID
may drive decreasing funding in many countries, where budgets may well
be allocated to other sectors than education. 32 COVID also decreases
international student mobility, reducing development of cross-cultural
skills. But perhaps most important for education is the necessity to adapt
curriculums to the future. Remote working and building digital connections
are now key skills for most workers. Other emerging skills accelerated

by COVID include the need self-awareness, self-soothing, adaptability,
resilience and mindfulness. 36

35 7he impact of COVID-19 on education insights from Education at a Glance 2020, OECD

36 Staying In The Green Under Covid, Dominique Dennery
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https://www.mckinsey.com/featured-insights/asia-pacific/fast-forward-china-how-covid-19-is-accelerating-five-key-trends-shaping-the-chinese-economy
https://www.un.org/development/desa/dspd/everyone-included-covid-19.html
https://chiefexecutive.net/a-changed-world-by-2030/
https://www.oecd.org/education/education-at-a-glance/
https://dominiquedennery.com/compassion/staying-in-the-green/?utm_source=ActiveCampaign&utm_medium=email&utm_content=Staying+in+the+Green+Under+COVID-19+%28part+2%29&utm_campaign=Staying+in+the+Green+Under+COVID-19+%28Part+2%29
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2.2 Megatrends

In our 2017 ‘Future Skills 1.0’ study, we identified five megatrends
reshaping the demand for skills: digitalisation, automation, globalisation,
environmentalisation & sustainability, and demographic changes. In

this present study, we explored the impact these megatrends will have
on skills over the next 10 years across sectors (derived from collective
assessment by sectoral experts):

ot 3| & S BRI

MANUFACTURING CONSTRUCTION & TRANSPORT ICT & HUMAN & SOCIAL CREATIVE AGRICULTURE
& ENGINEERING INFRASTRUCTURE & LOGISTICS DIGITAL SERVICES INDUSTRIES &ECOLOGY AVERAGE

Digitalisation

Globalisation HIGH MEDIUM MEDIUM
Environmentalisation HIGH HIGH HIGH MEDIUM ‘ MEDIUM HIGH HIGH

Automation HIGH HIGH HIGH HIGH MEDIUM
Demographic Changes MEDIUM | MEDIUM | MEDIUM | MEDIUM | MEDIUM MEDIUM MEDIUM | MEDIUM ‘

Table 2: Estimated Impact of Megatrends on Skills in the 2020s.
Source: GEF Expert Surveys n=350

The effects of these megatrends in the coming decade are intensifying.
Digitalisation will have the highest impact on the skills needed in all
sectors over the next 10 years. A number of interdependencies are
quite obvious, for example, digitalisation reciprocating impact with
automation and globalisation.
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Digitalisation

Digitalisation, i.e. the transfer of all information types into digital form,
changes our approach to almost all aspects of enterprise management,
city management and personal life. Opportunities for use of digital data
are enormous, as numerical data is discrete, can be stored, copied,
analysed and sent practically without any restrictions. Digitalisation
means many jobs will change in the coming decades, and that
upskilling 37 will be continuously necessary.

Key developments related to digitalisation include:

@ Hyperconnectivity: the interconnectedness of humans and digital devices, @ Application of various digital solutions with increasing degree

and proliferation of digital solutions into human life to the degree of of complexity and autonomy, including machine learning and
omnipresence. Digital connectivity and automation rapidly enable us to artificial intelligence (Al).

connect to everything and everyone, form groups and relationships, with

potentially global reach. This requires various levels of and digital fitnes. @D The Internet of Things and the Internet of Everything (details of

key concepts and impact on skills can be found in Section 2.3).

@D Shift from general digitalisation of the external world to digitalisation @D Network society, characterised by intelligent consumption, game society,
of personal space through virtual, augmented or mixed reality. blockchain, new approaches to business organisation and hierarchy,
and open innovation. Network society requires social skills, responsibility
and initiative.

37 Upskilling is ‘the process of learning new skills or of teaching workers new skills,’
while reskilling is ‘the process of learning new skills so you can do a different job,
or of training people to do a different job.’ - Cambridge Dictionary. We use upskilling
as the umbrella term that includes reskilling.



Automation

Automation can be defined as work performed without the aid of people
— hardware machines & software processes running with little or no
continuous human input. Relations between humans and technology

are changing at an accelerated pace. This is the result of the expansion

of automated control technologies and production of material and digital
products. Robots can be designed to carry out various physical tasks,

and increasingly a significant automation of routine cognitive work through
the expansion of systems of ‘weak’ Al. 38 This transforms most jobs in the
2020s, where in 60% of jobs, 30% of activities could be automated. Fully
automated terminals in Rotterdam, Qingdao and Shanghai are examples
— as well as some ‘lights out’ automated plants, such as Japanese FANUC.
A kind note to humans: not all tasks can be automated yet. Some physical
skills will still be superior to robotic skills this decade, such as precision
motor skills, error correction and adaptation. Humans will still be superior
for human skills, such as ethics, relationship building and foresight.

While impacting all areas, automation varies greatly by sector and
geography. Towards the end of the decade, as robotics advancements
unlock more complicated capacities, the physical & mechanical industries
(manufacturing & engineering, construction & infrastructure, transportation

and logistics, agriculture & ecology) will see further productivity gains and
skills transformations.

38 Rethinking Weak Vs. Strong AI, Kathleen Walch, Forbes

39 The 4th Industrial Revolution Is Here - Are You Ready?, Bernard Marr, Forbes

2.Key Trends of the 2020s / 2.2 Megatrends

The 4th industrial revolution that we are experiencing is characterized
by universal digitalisation and the blurring of boundaries between
physical, digital and biological fields. 3 The changes taking place
involve the intersection of several trends with the key focus on
automation of processes. See below:

1.0 2.0 3.0

Mechanical

Electrical Internet Blurring the
: physical and
Mechanical Mass Automated 2 .
production production production compl cyber digital divide
equipment -~ Impact
Socio- Economic
Industry
Covernment
Individual

EMPOWERING EMPOWERING
CORPORATIONS ~ PEOPLE .
- SR Impact on society

Scalable efficiency Scalable adaptability bigger than industry

Doing things right Doing the right thing ® The Dualarity

Figure 7: Stages of the Industrial Revolution

Source: Olivier Van Duliren
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https://www.forbes.com/sites/cognitiveworld/2019/10/04/rethinking-weak-vs-strong-ai/#4ee326e06da3
https://www.forbes.com/sites/bernardmarr/2018/08/13/the-4th-industrial-revolution-is-here-are-you-ready/#21e11cb6628b
http://www.thedualarity.com

The transition to the new industrial model implies not just an
automation of separate conveyor lines of production, where devices
act independently, but rather complex production systems connecting
physical and digital spaces. Several compound elements lie at the base
of the new industrial model:

1. Industrial robotics will allow for replacing manual labour in most routine
production operations. This also applies to transport operations, where
robot pilots can take over on the road, in the air and everywhere. And
to routine cognitive work, like in simple services (e.g. booking and
selling airline tickets).

2. Unmanned vehicles will change logistics at micro- and macro-levels.

3. New materials and additive technologies for 3D Printing complex
details and elements of construction will enable flexibility and
personalisation of manufacturing.

4. New communication protocols will support Internet of Things
communication between devices that will enable greater humanless
coordination within production facilities and throughout the supply
chain (e.g. ‘production area - machine - conveyor - supplier’).

5. Self-learning computer networks enable constant collaboration
between subsystems and interaction with external systems. This
means that elements of a production system will become partly
or fully self-managing.

40 7he rise of technology and impact on skills, Sungsup Ra, Unika Shrestha,
International Journal of Training Research

41 Robotics partner, Build with robots

2.Key Trends of the 2020s / 2.2 Megatrends:
Automation

This has far-reaching consequences for work and skills. Routine skills

will decline in importance, and higher-order, non-routine, cognitive,
socio-economic skills will increase in relative importance for new human
jobs/tasks. As will the ability and willingness to learn to unlearn and
relearn. Whether the decline of jobs by replacing humans with machines
will lead to a permanent decline in the overall available number of jobs is
not clear yet. New jobs may emerge that will require higher-level cognitive
skills, and therefore will unlikely be replaced by further automation.
Research also shows that automation is more likely to replace tasks and
activities within an occupation, rather than the entire job, that greater
demand due to rising incomes is likely to offset job displacement from
automation, and that technology adoption may not always be economically
feasible, thus, displacement due to automation may not be immediate. 49

4 N

COVID-related automation

Some automation developments are COVID-induced.
They are mainly related to health and safety.

Some examples are:

1. ‘Flippy the burger-flipping-xrobot’
which helps with food safety.

2. Breezy, arobot that sprays a fog of disinfectant
in airports and other highly trafficked spaces. 4%

3. Tug, a robot that that carries medical supplies up and
down halls of hospitals while nurses and doctors provide
the bedside manner and adaptive medical know-how.
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https://www.ciol.com/flippy-burger-flipping-robot-got-fired-just-one-day-job/
https://h0.t.hubspotemail.net/e2t/tc/VWffG77ZBw-lN96sCc8_c910VSnzBh4g_W-KN11fKX73lGnpV1-WJV7Cg-y6N3_F0PbkV5-vW7XvwM77wl0TcW5m0GHg3tyw2rW3gBp5Q7YQg_CW2gJFHl7ZLxvnW17b9-C7Bv-CQW8HlRRz82cHLPW5jggZG6zsmScW4JWxL_2dPZnyW3ykGmn3bFDc3W3Xc9s74MjDQqW2J8Vgj1C6bc4N45H6QNw7Xy0W3y48t22R7r4PW4sjLs94j99zdW6X5TZB6XGV68W5YbbzW8zhFGNW61vzZS3FH78DN77JjGqVZ7VsW3y971M8dxpTgW6d0gqY78vz1zW6JW3G57GFQ_VVJdHdL63GK50W4kWDDP3DdqQ3N4CJV9BSCgtkW2Tc_Ts7r778c2BF1
https://aethon.com/PDF/TUG_T2_Datasheet.pdf
https://www.tandfonline.com/doi/full/10.1080/14480220.2019.1629727
https://fetchrobotics.com/breezyone/

Environmentalisation and Sustainability

Humans are gaining a better understanding of the earth’s ecosystem

and our role in it. The Limits to Growth publication of 1972 challenged

the idea of unconstrained economic growth, and raised the need to

transit towards sustainable technologies and circular economies. In the
first decades of the 21st century, we have crossed 4 ‘planetary boundaries

)

— climate change, biosphere integrity, land-system change and altered
biogeochemical cycles (phosphorus and nitrogen). So the world may
become a much less hospitable place for humans to exist — risks of

soil depletion and biosphere collapse are potentially even more hazardous
than the widely discussed climate crisis. This threatens our species’
potential to survive on the planet much beyond the end of this century,
unless our behaviour changes now. This has an impact on the skills

that we need to deal with the situation that we caused: upskilling covers
not just technical skills but also core/soft skills, such as environmental
awareness, analytical skills, critical thinking, emotional intelligence,
teamwork, innovation, communications, leadership, negotiation and
influencing. 42 These form the backbone of the cultural evolution required
‘to respond to the converging crises we are facing, biological evolution
will be too slow, and technological evolution alone will be too full

of unintended consequences.’ 43

Our understanding of our environment has also resulted in growing
demand from the public/market for ‘greening, in most fields of life.
Various state and industry environmental policies and standards have
been introduced, as have international agreements on sustainability,

42 Green employment skills, International Labour Organisation, and Top 5 sustainability
skills to survive, NetImpact rbes

43 Green swans regeneration rising, John Elkington & Daniel Wahl.
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such as the Paris Agreement. This cooperation is needed in the future
to deal with the complex issues that we face as humanity. International
and cross-sectoral cooperation is critical, as well as facilitation and
peacemaking competencies.

BIQSPHERE INTEGRITY
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Figure 8: Planetary Boundaries

Source: _Stockholm Resilience Centre
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We can already see a shift in ecological paradigms toward positive
concepts. 44 The Doughnut Economy approach suggests there still

is a ‘safe space’ of sustainable long-term operation, taking into
consideration both planetary boundaries and basic human needs.
The pathway out of our deadly dynamics can be seen in the transition
to a regenerative economy. This transition is a paradigm shift that
will require both the deployment of new technologies and the
transformation of culture.

While sustainable approaches are concentrated on minimising the
harm from human activities, regenerative approaches seek to undo
this harm and restore all forms of natural (and sociocultural) ‘capital;

including biodiversity, soil, clean air and water. The regenerative economy

therefore invites us to think from a different perspective: how can we
act as life and begin to create conditions conducive to life? How can
we design our technological and social systems to benefit not only
humans but the wider tapestry of life that we are part of?

44 Planetary Boundaries - an update, Stockholm Resilience Centre
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Many technological and organisational strategies have been identified,

including: 4°

Regenerate. Moving to renewable energy & materials, retaining
& regenerating the health of ecosystems, and returning recovered
resources to the biosphere.

Share. Using peer-to-peer sharing, as well as reusing & repairing
products that are also designed with durability in mind.

Optimise. Improving performance to remove waste / pollution
in supply chains and technological processes.

Loop. Refabricating complex components and reusing / recycling
non-renewable materials.

Virtualise. Whenever possible, delivering virtual value instead
of a physical one to reduce material consumption (Buckminster
Fuller also called this strategy ‘ephemeralisation’49)

Exchange. Applying renewable eco-materials / methods instead
of older non-renewable ones.

45 The Circular Economy, McKinsey

46 What is Ephemeralisation and Why it Matters, David Friedlander, Life Edited
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These methods will inevitably require even greater socio-technical
coordination and increased control over supply chains and production
processes — so they very likely will be based upon the new digital and
automated technologies, including Al. 47 However, regenerative solutions
are often found in traditional low-tech setups — indigenous cultures
have perfected ways of sustainable living over millennia, and their
knowledge is often preserved as a local wisdom that allows for more
efficient methods of food production, construction and manufacturing.
Harvard University lists 100+ traditional solutions that can be adopted
by industry to meet climate change challenges.

Education plays a key role here — learning to become the ‘cradle of the
future’ in prototyping sustainable and regenerative approaches with young
people and adults alike. Many skills to be developed are not new, but need
to be focused towards economic products that do not hinder our survival
as a species — including various skills that support initiating and
promoting the change, enabling and delivering the change needed. 48

47 Artificial Intelligence And The Circular Economy, Ellen Macarthur Foundation

48 A skills Framework for Regeneration and Planning, Turok and Taylor, ResearchGate
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Globalisation

Globalisation is both a process and an outcome of rapid technological
change, escalating cross-border economic activity and liberalisation

of foreign economic policies.4? It is a centuries-old process with reality
in various aspects of life, and largely overlaps with the description of
hyperconnectivity (described above). Economic integration is increasing
through increased flows of goods, capital, knowledge and information,
as well as increasingly connected value chains, supply chains and
innovation ecosystems. Skills can be enhanced by lessons learnt abroad.
Technological and scientific integration requires advanced social skills
and higher-level thinking, in order to understand, lead and integrate
complex international and cross-sectoral technologies, standards,
science/research networks and facilities. Value and supply chains are
increasingly subject to international standards, e.g. WTO, ISO or the EU.
Standards on logistics, whether applied to routing of physical cargo,

mail or air communication, have played a key role in boosting globalisation.

As standards evolve to keep pace with the modern world, changes

in the skills are required to comply with these standards. National

& international skills policies need to understand where codified tasks
are performed in the world / value chain, and understand the shifting
nature of economic activity, e.g. offshore trends.

It is yet unclear what COVID will mean for the rate of globalisation
in the COVID-ready world. Will it continue at the same pace, or
slow down, or even reverse? Globalisation in terms of foreign trade

49 Globalisation: Causes and Effects, David A. Deese, Routledge, May 2017

50 Globalisation Report 2020, Dr. Andreas Sachs, Dr. Claudia Funke et al

51 covip-19 and world trade, WTO
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has increased since WWII, but has slightly declined since 2007. 99

In 2020 COVID disrupted trade, with services traded dropping by 30%
in Q2 2020.°1 BCG forecasts a significant stagnation and reorganisation
of the global trade in the coming years, US-China trade being most
negatively affected (Figure 10)

Our expert panel predicted that globalisation may reverse in the 2020s
towards more national self-sufficiency, or towards bio-regions, and/or
‘mega-blocks’ of countries that have cultural, economic, physical

and political proximity (Section 3.1)

Change in volume of goods traded in major corridors from 2019 through 2023 under baseline scenario ($billions)
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Figure 10: Forecasted Changes in Global Trade Volumes.
Source: Redrawing the Map of Global Trade, BCG
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Demographic Changes

A new social landscape emerges:

1. EXPANSION OF POPULATION AND GROWTH OF LIFE EXPECTANCY.
The global population in 2040 is expected to rise from 7.8 billion in
2020 to 9 billion. In a time of declining birth rates across the globe,
this is predominantly explained by the projected global average life
expectancy rising from 62 years in 1980 to 77 in 2040. 32 This causes
retirement ages to increase and pension benefits to decrease. 23
The numbers of workers above 60 will continue to increase globally,
increasing the specialised need for reskilling this group. Demand
will increase for other elderly service and care skills, nutritional
health, digital affairs, and gerontology.

2. THE ROLE OF WOMEN IN THE ECONOMY EVOLVES AT DIFFERENT
RATES. In OECD countries, attention is focused on women having
equal opportunities to reach managerial positions and receive equal
wages for the same work. In other countries a transition towards greater
gender equality is just starting. Urbanisation and other social changes
will lead to a significant increase in the share of women in the labour
market in the Global South. This will strongly impact the distribution
of skills between males and females towards a more equal distribution.
Factors influencing this development are gender focus in national
skills development policies and strategies, gender-sensitive training
environments, opportunities for men and women in all sectors of the
economy and life-long learning for women. 24

52 Forecasting Life Expectancy, Years of Life Lost, and All-cause and Cause-specific Mortality,
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In modern psychology and pedagogy, there is a trend shifting away
from the PERCEPTION OF CHILDHOOD as a period of preparation
for ‘the real adult life,’ towards the perception of this period of life as
a self-valuable, meaningful ‘here and now’ 2 This trend fits with the
idea that education does not merely serve the purpose of qualification,
but also of socialisation. In addition, a blurring of childhood boundaries
is taking place: also in later phases of life, it will be necessary to
constantly learn and relearn. The new generation ends up in a winning
position, since for them most technology is a familiar part of the world
in which they were born. This enables them to influence the market
by creating demand or even becoming co-creators of the digital world
even before they finish school. The key relevance for skills is that
learning will become normal throughout life. Also, teaching skills
now starts to flow from younger generations to older — for example,
in training digital skills through a process of ‘reverse mentoring’ 26
when younger colleagues mentor older colleagues.

Global Health Metrics

53 pensions at a Glance 2019 - O0ECD and G20 Indicators, OECD

54 The Gender Divide in Skills Development, ILO

55 The Future of Childhood: Towards the Interdisciplinary Study of Children, Prout A,

56 Cross-Generational Mentorship: Why Age Should Be No Object, Everwise
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2.3 Factors that Drive
Change in SRkRills Demand

Here we build on our prior publications and the preceding Section 2.2
by going into megatrends in more granular detail. In our Rapid Foresight
sessions, our expert audience explored the nuances of how these
megatrends will affect skills. These discussions informed our survey,
the results of which can be found at the end of this section.

The following underlying factors are seen as universal across all

sectors (Chapter 4 includes sector-specific trends affecting skills).

Technological Factors

Artificial Intelligence (AI) & Self-Learning Machines
Al & Automation go hand in hand. Al refers to the simulation of intelligent
behaviour in computers, allowing software or hardware to perform tasks
commonly associated with intelligent beings.

When will Al be ubiquitous? It is currently being developed towards
commoditisation by tech giants, democratised & offered as intuitive and
accessible meta-code. Programming skills reliant on maths and logic will
continue to see huge increases in demand, and will remain at the core
of this Al ecosystem. However, through the emergence of modular,
automated & visual code, many without traditional technical skills will

be able to build programs and software. This will result in organisations
and individuals connected in a wider ecosystem, benefiting from this
new accessible processing power.

Figure 11 shows Gartners’s predictions for various types of Al. Gartner
distinguishes a few key trends that boost the development of Al and

2.Key Trends of the 2020s

Al applications. The combination of various types of Al is increasing
organisational agility. Algorithmic trust models can ensure the privacy
and security of data. New materials for data storage and processing
like DNA and biochemistry will enable machines to take a step beyond
the physical limits of silicon. Formative Al can dynamically change

to respond to a situation and generative Al can create novel content.
Finally, digital versions of ourselves can lead to several applications
as well as vulnerabilities. Self-creating bots are one of many examples
of turning points in power and our responsibility this decade.

As we witness the rise of robots this decade, Al & automation can
empower us, freeing us from repetitive manual & clerical rule-based
tasks. This pushes most workers further up the value chain to focus on
human and cognitive skKills, such as relationship-building communications,
situational judgment & creative problem-solving. Yet we are probably
decades away from Al reaching human levels of conscious intelligence.

Automation also creates work. We can think of automated hardware

or software as workers, who need maintenance & performance reviews.
Self-learning represents a significant future step for Al. Then the need
to supervise machines is expected to decline, when machines will be
capable of learning by themselves.

The rise of Al will allow a shift in focus to tie in with another emerging
trend: customer-centric approaches across all sectors (the experience
economy, design thinking putting human needs first, UX being the
primary differentiator).
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Automated Programming

. A type of computer programming where program code is automatically
Hype CYCJE fOI" Emergmg generated. A program that writes more code is written, which then creates
Technologies, 2020

Expectations

more programs. Translation websites may be considered as automatic

programs, and the high-level language they are translating into a lower-
level language is the specification.

\
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** Generative Programming, or meta-programming, where programs
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while the coding process may be based on meta-programming,
e.g. with visual interfaces.

Figure 11: Hype Curve for Emerging Technologies 2020.
Source: Gartner

57 Automatic Programming, Techopedia
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Robotics and Cobotics (Collaboration of Humans with Robots)

Robotics is the design, construction, and operation of robots. A robot is

any automatically operated machine that replaces human effort. In particular,
physical robots are beneficial when performing 5 ‘D’ tasks: Dirty, Dangerous,
Dear (or Expensive), and Dull or Demeaning. These robots operate every

day in manufacturing, warehouse, health care, and other situations.

Robots are widely used in such industries as automobile manufacture to
perform simple repetitive tasks, and in industries where work must be
performed in environments hazardous to humans. Many aspects of robotics
involve Al. Robots may be equipped with the equivalent of human senses,
such as vision, touch and the ability to sense temperature. Some are capable
of simple decision-making, and current robotics research is geared toward
more self-sufficiency that will permit mobility and decision-making in an
unstructured environment. 38
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Cobots, or collaborative robots, are designed to share a workspace
and tasks with humans. Instead of replacing humans, cobots augment
and enhance human capabilities with strength, precision, and data
capabilities. Cobots are trained differently than traditional industrial
robots. Rather than programmed to a specific set of steps using
programming tools, many cobots are trained by humans manipulating
the arms and training by example.

Unmanned Vehicles

Unmanned aerial vehicles (UAVs) or drones are the most popular
unmanned vehicles currently. Unmanned aircraft systems consist

of the aircraft component, sensor payloads and a ground control station.
They can be controlled by onboard electronic equipment or via control
equipment from the ground. UAVs support a wide range of applications
such as shipping, photography, security, inspection, emergency response
and environmental monitoring. They can use LIDAR (Light Detection

and Ranging) imaging, e.g. surveying in 3D. Skills for use may include
team working, hand skills & spatial awareness, programming, engineering
& maintenance. 22

Industrial Internet: Big Data & IoT
The Industrial Internet of Things (lloT) refers to the billions of industrial
devices — anything from the machines in a factory to the engines inside
an aeroplane — that have sensors gathering and sharing data via wireless
networks. They form a communication-based ecosystem of devices
communicating with cloud-based processes. lloT refers to a subcategory

58 robotics | Definition, Applications, & Facts, Britannica

59 A Taxonomy of SkRills and Knowledge for Efficient Autonomous Vehicle Operation,
Orfanou, Vlahogianni & Yannis, Semantic Scholar
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of the broader Internet of Things. loT includes lloT plus things like asset

tracking, remote monitoring, wearables and more. lloT focuses specifically
on industrial applications, such as manufacturing or agriculture. Consumer

loT devices can range from smartwatches to smart home speakers (and
light bulbs, and door locks, and other smart home devices), and even
shoes or clothes. Industrial loT may have different requirements than
Consumer loT, e.qg. security, interoperability, serviceability and more.

The advent of tiny low-cost sensors and high-bandwidth wireless
networks now means tiny devices can be connected, given a level

of digital intelligence that allows them to be monitored and tracked,

and can share data on their status and communicate with other devices.
Providing detailed data in real time, the loT can help companies
understand their processes better, give insight into the broader supply
chain, and increase B2B coordination. Currently, loT is of particular
interest to the manufacturing, retail, utilities and transport industries.
Health care and government will be big loT adopters this decade.

Big Data Analytics (BDA) examines large amounts of data from connected
devices to uncover hidden patterns, correlations and insights. Big data
processing is challenging due to limited computational, networking and
storage resources at loT device-end. BDA provides operational and
customer-level intelligence in lloT systems. Manufacturers are using BDA
to improve their supply chain, enhance production efficiency and quality,
and identify new opportunities.

2.Key Trends of the 2020s / 2.3 Factors that Drive Change in Skills Demand:
Technological Factors /// Industrial Internet: Big Data & IoT

A next step for loT is the Internet of Everything, which adds network
intelligence and security that allows for convergence, orchestration
and visibility across previously disparate systems:

Skills needed include: general digital fithess; data mining;
understanding of coding and market intelligence; analytical problem-
solving; and creativity for visualising data and finding new applications.

Connecting people in
maore relevant, valuable
Ways

Leveraging data into
more useful information
for decision making

Internet of

Everything

Physical devices and
objects connected to the
Internet and each other
for intelligent decision
making, often called -
Internet of Things (loT) L

Delivering the right
information to the right
person {or machine)

at the right time

Figure 13: Model of the Internet of Everything.

Source: Quiita.com IoE vs. IoT vs. M2M
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Blockchain & Supply Chain Transparency

A blockchain is a distributed or decentralised ledger, a digital system

for recording transactions among multiple parties in a verifiable, tamperproof
way. The ledger itself can also be programmed to trigger transactions
automatically. Blockchain can greatly improve supply chains by enabling
faster and more cost-efficient delivery of products, enhancing products’
traceability, improving coordination between partners, and aiding access

to financing. Successful blockchain applications for supply chains will require
new permissioned blockchains, new standards for representing transactions
on a block, and new rules to govern the system — which are all in various
stages of being developed. Supply chains underpin the macroeconomy and
global markets. Visibility remains a challenge in large supply chains involving
complex transactions. 69

3D Printing

3D printing, or additive manufacturing, is a process of making solid

objects from a digital file. It encompasses many technologies, materials
and applications across most industries. Examples include: consumer
products (e.g. eyewear, footwear, furniture); industrial products (e.g. tools,
prototypes, parts); prosthetics; architectural scale models; movie props, 3D
printers and materials are currently expensive for consumers, so rental and
sharing businesses emerge. This technology is a key driver of the trends
towards relocalisation, environmentalisation, personalisation, customisation
and mass uniqueness. 91 To operate a 3D printer today requires technical
skills, programming skills and creative/design skKills.

60 Building a Transparent Supply Chain, Vishal Gaur and Abhinav Gaiha, Harvard Business Review

61 3D Printing Playbook, Richard A. D'Aveni, Harvard Business Review
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Cybersecurity & Privacy

Data security and privacy have a common goal to protect sensitive data.
Data security focuses on protecting the data from theft and breaches,
whereas privacy governs how data is being collected, shared and used.
Both are already key skills for digital fitness. Cyberspace is ‘the electronic
world created by interconnected networks of information technology
and the information on those networks. The term ‘cybersecurity’
encompasses measures taken to protect online information and secure
the infrastructure on which it resides. 62 Businesses that handle data
belonging to their customers are being increasingly scrutinised with the
arrival of regulatory changes, such as the EU’s General Data Protection
Regulation (GDPR, 2018), designed to create a level playing field and
stipulate adequate security measures to protect consumer privacy and
data. Companies will often encrypt information to make it unreadable

by unauthorised parties. Data security skills are increasingly important
for everyone who interacts online.

62 Privacy and Cyber Security Emphasizing Privacy Protection in Cyber Security A°ctivities,
Office of the Privacy Commissioner of Canada

54


https://gdpr.eu/what-is-gdpr/
https://3dprinting.com/3d-printing-use-cases/
https://hbr.org/2018/07/the-3-d-printing-playbook

2.Key Trends of the 2020s / 2.3 Factors that Drive Change in Skills Demand:
Technological Factors

Mixed, Augmented & Virtual Reality (MR/AR/VR)

e Virtual Reality (VR) immerses users in a fully artificial digital environment. e Mixed Reality (MR) allows you to interact with both physical and
It is the most widely known of these technologies. Using a head-mounted virtual items and environments, using next-generation sensing and
display (HMD) or headset, you'll experience a computer-generated world imaging technologies. MR anchors virtual objects to the real world,
of imagery and sounds in which you can manipulate objects and move SO you can play a virtual video game, grab your real world water bottle,
around using haptic controllers while tethered to a console or PC. 63 and smack an imaginary character from the game with the bottle.
VR can help with remote team meetings and collaboration. VR gives MR provides the ability to have one foot (or hand) in the real world,
opportunity to build confidence on soft skills, e.g. public speaking, and the other in an imaginary place, breaking down basic concepts
preparing for interviews in a realistic environment that you couldn'’t betweenreal and imaginary, offering an experience that can change
otherwise create. It can be combined with Al to measure things that the way you game and work today. 6@ This provides a way to help
human feedback may not achieve. It can help build personalized construction companies support complex modelling processes and
learning journeys that respond to the individual, adjusting the learning improve opportunities for collaboration across projects. Imagination
curve accordingly. It can break down large tasks and skill sets into and reality have never been so intermingled. 66

smaller, more manageable learnings that are measurable. Further
enhancements can be unlocked when combining with touch
sensitive feedback interfaces. ¢4

o Augmented Reality (AR) overlays digital information on real-world
elements. Pokémon GO is among the best-known examples. Augmented
reality keeps the real world central but enhances it with other digital
details, layering new strata of perception, and supplementing your
reality or environment.

63 \r us AR, Intel 65 1)c difference between VR AR and MR, Forbes

64 Haptic — Adding a New Dimension to Virtual Reality, FutureBridge 66 \irtual Reality Vs. Augmented Reality Vs. Mixed Reality, Intel
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Socio-economic & Political Factors

Personalisation of Production:

E-commerce + On-demand Small Batches
We are entering the era of mass personalisation, with increasing focus
on customising offers to each individual’'s wishes. From a storybook with
your own child as the star to ear plugs that fit seamlessly in your eardrums
from your own 3D printer. This means a paradigm shift from standardised
produce to creativity-infused products. The near-ubiquitous presence
of the Internet and computing, together with emerging responsive
manufacturing systems, such as 3D printing, present an opportunity
for a new paradigm of product personalisation. Customers create
innovative products and realise value by collaborating with manufacturers
and other consumers. This co-design process is enabled by an open
product architecture, on-demand manufacturing systems, and responsive
cyber-physical system involving user participation in design, product
simulation/certification, manufacturing, supply and assembly processes
that rapidly meet consumer preferences. 7 Collaborative skills are
needed to operate a chain of cooperation between manufacturers,
vendors and consumers. Other skills needed are related to personalisation
design, on-demand manufacturing systems, open architecture products,
and cyber-physical systems.

67 Evolving Paradigms of Manufacturing: From Mass Production to Mass Customisation
and Personalisation, S. Jack Hu

2.Key Trends of the 2020s / 2.3 Factors that Drive Change in Skills Demand:
Socio-economic & Political Factors

Rise of Agile / Lean / Horizontal Management Structures
Several management methods have been introduced in the last few
decades with the purpose of increasing productivity, flexibility and
efficiency. Lean methodology involves creating more value for customers,
with fewer resources, identifying riskiest assumptions and iterating rapidly
through the build-test-learn production cycle. Agile aproaches have
similarities, but are more focused on the development process, time-
boxing and cooperation. Organisational methods such as sociocracy and
holacracy further evolve these movements towards distributed, inclusive
collaborations. Analytical, social and communication skills are essential.

Digital Currency replaces Cash

Paper and coin currencies account for 8% of the $90 trillion of money

in the world in 2020. %8 It should be noted that paper currency volume
has increased in the past 10 years 2 and still has appeal, e.g. anonymity,
independence from electricity. Use of credit & debit cards, phone payment
systems and online transactions are forecast to increase through the
decade. Digital currencies — cryptocurrencies, such as Bitcoin, Ethereum,
and the regenerative-economy’s SEEDS, virtual currencies, central bank
digital currencies (CBDCs) and e-cash — currently account for a fraction
of a % of the global money, but are increasingly popular. COVID may
accelerate the trend towards contactless payment methods for greater
hygiene. While this transition may be complete this decade in only a
handful of countries, this trend will increase demand for digital skills
globally, cybersecurity and blockchain in particular.

68 11 of the World's Money and Markets in One Visualisation, Jeff Desjardins, Visual
Capitalist

69 i1l cash Die Out?, Bank of England
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Total Digital Monitoring
The Surveillance state is here, 79 characterised by governmental
surveillance of groups of citizens. This has been cited as necessary
to fight terrorism, prevent crime and social unrest, protect national
security, and control the population. Conversely, mass surveillance
has equally often been criticised for violating privacy rights. Digitisation
delivers smart cities covered by Closed Circuit TV (CCTV), facial
recognition and Al cross-referencing, and smart policing policies. 74
The Social Credit System in China is intended to standardise assessment
of citizens economic & social reputation. On the commercial side, people
are monitored physically and digitally in many ways, from loyalty cards to
browser cookies, phone geolocation and DNA profiling. This is one of the
key drivers for cybersecurity and digital privacy becoming part of ‘digital
fitness’ for everyone this decade. See Section 3.2 for further discussion.

Permanent Loss of Jobs due to Structural Shifts
As jobs move from one country to another as a result of globalisation,
or from one sector to another as a result of a disruptive innovation,
or even from humans to machines, the number of jobs in some
places might decrease permanently. In such cases, people need
to be creative and entrepreneurial in finding a replacement for
their former job, and will need to reskKill.

2.Key Trends of the 2020s / 2.3 Factors that Drive Change in Skills Demand:
Socio-economic & Political Factors

Nationalisation of Platforms and Data

Nationalisation is the transfer of major assets from private to state
control. As data becomes the new oil, the nationalisation of data,

social media and marketplace platforms is the topic of political
discussion in many countries. It is related to cybersecurity and privacy
considerations, but also increasing public concerns that platforms
manipulate user attention and serve as ‘opinion polarisers, disconnecting,
rather than joining the social fabric. 72 Some of the largest platforms
(e.g. Facebook, Google, Amazon) have become key elements

of the social infrastructure, but are in private hands. The discussion is
around what access and influence should state, company and individual
have over personal data? Similarly, other critical digital infrastructure,
such as 5G and smart energy networks, can also potentially become

a subject of nationalisation due to their influence on public and national
security. The extent, to which data and its operators are nationalised,
depends on the country. What this means for skills, is yet fully unknown
— but we can certainly see that the present (yet largely unrestricted)
development of social media calls for skills such as attention
management and personal well-being management, which

are frequently jeopardized by platforms’ addictive mechanisms.

70 The Surveillance State is a Reality, Karl Maier, Bloomberg

71 Giobal Expansion of AI surveillance, Carnegie Endowment for International Peace

72 The Social Dilemma.com

This study explores the impact on skills from these megatrends and factors
described above. The picture is only partially revealed, and requires more
collaborative research. For instance, the way in which humans will be assisted

or replaced by machines is rapidly changing with every new technological
development. Similarly, the way humans interact with nature will also continue

to evolve, and we certainly see a transition towards nature-friendly technologies
and materials. A number of clear paradigm shifts are explored in the next section.
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03. World of Skills: New Stories Emerging

The 2010s was the decade of ‘future ripening’: building the potential

of human and physical capital 73: countless phenomenal innovations; 74
rising momentum of civic and activist changemakers. 72 It also brought
many disillusions regarding unfulfilled hopes of the early 21st century:
failed promises of technological transformation; 76 a collective inability

to address climate change; 77 rising tides of media mistruth and divisive
politics. 78 Since the 2008 global financial crisis, it became apparent that
the future of (until-then unchallenged) neo-liberal consumerist capitalism
is not so bright. The world began exploring alternative pathways for
economic and social development. Sometimes these pathways looked
more like backward stepping — for instance, the rise of nationalist
authoritarian governments or the religious fundamentalism. In other cases,
they looked as far-too-radical attempts to create a better future — such
as multiple projects of decentralised economies based on blockchain

and cryptocurrencies, or utopian seasteading communities supported

by tech billionaires. 72 The 2010s also showed glimpses of a new digitised
reality, when everyone stays online 24/7, our gadgets and wearables
connect us globally, help us with our daily tasks, and make our lives
extremely transparent to technological companies and governments.

Yet the institutions and principles of our society, from school systems to
democratic elections, remained the same as throughout the 20th century.

73 The 2010s Have Been Amazing, Johan Norberg, WSJ

74 A Dpecade of Change: How Tech Evolved in the 2010s and What’'s In Store for the 2020,
Pedro Palandrani, Andrew Little Global X

75 A Look Back at the 2010s: A Decade of Voices and Choices, UN Population Fund

76 The 2010s: The Decade of Disillusion, Andrés Ortega, The Globalist

The COVID pandemic appears to be not just another global risk factor
becoming real. It is a touchstone, a test-case checking the readiness and
the willingness of global society to reimagine itself and start living by new
principles. And these new principles should not take for granted what has
emerged so far — we should not simply assume that the remote work or
the surveillance state becomes the new norm. The 2020s is a time of
unprecedented risks and opportunities that will likely give a rise to a new
global socio-economic model for the decades to come. We still cannot
precisely anticipate the precise features of this emerging model, but the
emerging trends already reveal some of its shapes and characters.

ldeas presented in this Chapter are generalized from sectoral foresight
sessions (more details in Chapter 4). We can describe them as ‘emergent
patterns of future skills and labour markets that are ‘revealed’ as common
denominators across sectors.

)

77 The 2010s were a Lost Decade for Climate. We can’t afford a Repeat, Scientists warn,
The Washington Post

78 The Rise of the Populist Authoritarians, Financial Times
and Post-truth: 2016 Word of the Year, Oxford Languages

79 Active Projects, The Seasteading Institute
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The Three Horizons model, created by Bill Sharpe of International Futures
Forum, conveys the idea that social or economic system change usually
comes in three waves. In the beginning of transition, the existing system
or ‘business as usual’ Horizon 1 (H1) is dominant. As the world evolves,
the existing system may increasingly fall out of place. Horizon 2 (H2) is

a wave of innovations that rises to mend the shortcomings of H1. These
innovations ‘fix’ the system, but this can be superficial, not necessarily
changing the underlying premises upon which the system operates. That
is the task of the wave of deep ‘operating system’ innovations, Horizon 3,
that begin to take root as the ‘transitory’ H2 disrupts the existing system.
Horizon 3 (H3) innovations then work their way towards economic viability,
and a new system is established.

The Horizon 1 ‘classical’ industrial model, based on mass scale production,
standardisation and commodification, has dominated the past 2 centuries,
but is now starting to wane. The ongoing revolution of digitalisation

& automation aims to create industries that are much more flexible,
modularised and consumer-focused. H2 production systems can have

a greater degree of autonomy, while humans can focus on more creative
and relational aspects of work. These H2 innovations do not typically
address some of the more fundamental problems of the existing economic
model, i.e. the challenge of operating within planetary boundaries.

That challenge is addressed by Horizon 3 approaches and technologies
— ecologically-friendly solutions that regenerate nature — our resources
— instead of destroying. H3 approaches are in their early stages today
but are expected to develop and scale up throughout the 2020s.

3.Key World of Skills: New Stories Emerging

The emerging paradigms rising in the coming decade are Smart, Experience-
based, Creative, Networked, Relocalized, and Regenerative Economic models.
The present and the future are bridged by technological innovations and
institutional changes, but most of all, by changes in the fundamental skill set
of workers, and new ways in organising labour. Next, we discuss this through
the lens of ‘jobs & skill landscape paradoxes.
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Figure 15: Three Horizons Simplified Map of The Future
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3.1 Shifting Paradigms of the Global Economy

This section describes the emergent socio-economic model:
5 key ‘paradigm shifts’ and a nuanced set of trends arising in the 2020s.

From Inert Things to Smart Environments

The Institute for the Future published the 2009 report ‘When everything

is programmable’ 89 and it felt like a science-fiction piece: to imagine

a world where every device has an intelligent and a programmable
component to support our work and our daily needs. In 2020, we are
much closer to that vision. Retail and consumer services are using
chatbots and automated call centres, fully automated factories and ports
operate all over the world, unmanned vehicles drive on highways, and smart
houses serve hot coffee in the morning. In the next 10-15 years these
technologies will transit from a ‘pioneer’ stage to a ‘new normal’. we should
expect the technosphere to be not only ‘smart;, but ‘autonomously smart’
— it will begin to learn and evolve on its own. The technology will be
omnipresent: in 2020, almost 3.5 bn people (45% of the world population)
have smartphones, and there will be over 8 bn connected smartphones by
2030.81 By 2030, it is forecasted there will be more robots in cities than
humans, with many of these robots replacing humans in their daily jobs. 82

We are entering the world where the human-made environment will not
be inert and unresponsive — every tool or device will have some ‘smart’
element, and ‘everything programmable’ becomes real. What does such
a reality mean for all of us?

80 1r7F: when Everything is Programmable, Institute for the Future

81 Smartphone Users 2020, Statista and Mobile Phone Market Forecast | 2019, ARPPIM

3.Key World of Skills: New Stories Emerging

o* ‘Everything is programmable’ does not mean we need

moxre programmexrs. In fact, we will most likely need less of them.
Programming becomes highly-intuitive, looking more like a
comprehensive ‘user setting’ adjustment that occurs by creating
simple and easily comprehended algorithms created in user-friendly
visual environments. Many of these programming actions will be
easily created even by young children.

From Smart Things to Smarxrt Environments. The fact that things
become ‘smart’ is only part of the topic — what is more important

is that they begin to interact with each other, adjusting themselves

to user scenarios. 83 We should start thinking in terms of designing
environments and distributed systems of solutions that interact with
individual users and human groups. For instance, we should not only
design a single ‘smart lamp’, but should also think of a ‘smart lighting’
that responds to human distribution in the building. We should not just
use ‘smart washing machines’, but also design solutions that help ‘smart
apartment blocks’ to coordinate washing hours to balance out energy
and water grid capacity load. We should not just promote autonomous
‘smart cars’, but invest into ‘smart traffic’ systems that minimise travel
times for all people on the road, including pedestrians and bicyclists.
Integration competencies, such as loT integration or m2m (machine-
to-machine language) communication will be highly demanded.

82 4 world Reimagined: 2030 is Full of Robots, Drones and Driverless Cars, CIO
and How Robots Change the World, Oxford Economics

83 Classification of Smart Environment Scenarios in Combination with a
Human-wearable Environment-communication, Friess & Herwig
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*¢ Cybersecurity is the number one factor to survive and
thrive in complex technological environments. Security of
‘smart’ solutions and environments has multiple aspects. First, it is an
economic issue: a cyberattack on a ‘smart’ factory can halt its operation
or, what is worse, can irreversibly destroy the technological process
and damage the product. Cyber-criminals can steal money from
electronic purses, blackmail or abuse individuals. Finally, a ‘smart’
environment can be used to assault a single person or accomplish
a massive terrorist attack. Therefore, in the next decade cybersecurity
will become essential 8 - only the appropriate maintenance of personal,
organisational and collective security protocols will guarantee the
well-being of people in cities and offices.

‘Smart’ physical environment will create a lot of opportunities and
challenges — but most likely we will quickly get used to them, just the
same way we are getting used to automatic doors opening in front of us

in a supermarket. Perhaps many still romanticise the digital and consider

it to be the driver of human development, just as the steam machines were
in the early 1800s. As we get used to the fact that everything is digital,
smart and programmable, it becomes a ‘new norm’ — just like electricity.
In the early 20th century, engineers wanted to create a cult of electricity,
seeing it as a transforming force for humanity (which, in many senses,

it is). However, it was very soon apparent that electricity simply becomes
a basic infrastructure of modern society, and that every house and every
factory should be connected to the energy grid. Similarly, the ‘smart’ stack
of technologies will become our basic infrastructure, the condition for

a comfortable living — but not the essence of our future world.

84 5020 And Beyond: What Cybersecurity Challenges Will We Face?, Yoram Salinger, Forbes

85 This has been discussed at length in John Galbraith’s seminal book The New Industrial State

From Inert Things to Smart Environments

From Global Supply Chains
to Relocalised Production Ecologies

Twentieth century economies, largely modelled after Ford conveyor
factories (such as River Rouge complex), were leveraging the ‘scale
economy’. in order to fulfil consumer demand in cheap and high quality
product (such as cars, smartphones, or soda drinks), it should be
produced by millions if not billions of units. 20th century corporations
tried to address two main challenges: 83 first, they had to ensure mass
scale demand with advertising and marketing (quite often, by creating
artificial ‘wants; rather than addressing actual ‘needs’); second, they had
to acquire cheap resources and means of production. The Fourth industrial
revolution disrupts these models. In regard to marketing, companies are
using Big Data to create consumer digital profiles (or ‘digital twins’) that
help them model consumer needs, describe existing and potential market
niches, and forecast future product success with great precision. For
instance, for many years Netflix was a content-delivery company that
learned to personalise offerings of cinema and series movies — and

with this capacity, Netflix was able to start producing its own content
that can consistently get the top viewer rankings — not by the gut feeling
of Netflix producers (as was normal with Hollywood film industry for
almost a century), but by the precise calculation of its digital models. &6
In terms of manufacturing, Al, robotics and 3D printing enable ‘mass
customisation”. manufacturing of unique and personalised products

at the price of a mass scale product. 87

86 s Netflix officially disrupted Hollywood?, Thea Sokolowski, Outside Insight

87 3p Printing and Mass Customisation: Where Are We Today?, AFMG
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The relocalisation process begins, when, instead of expanding their
global supply chains to leverage cost advantages, companies relocate
their manufacturing towards the end consumers in order to increase
speed to market and production flexibility. The process of relocalisation
is accelerated by COVID pandemics, 88 when it became apparent that
global supply chains are highly vulnerable to lockdowns and production
disruptions — however, it is also a long-term change driven by the need
to be closer to customers, to secure supply chains, and to make them
more environment-friendly. It is highly plausible that future economies
will be created around localised consumer communities — and they

will appear more as independently resilient production networks and
local industrial ecologies serving local consumer needs within local
bioregions. 82 We use the word ecologies here as it describes the
relationship between organisms and their environment. Economic
regenerative ecologies are explored further later in the chapter.

It is very likely that this changing production model will affect human
habitats: in the 20th century, urbanisation was on the rise, with ‘hive’
megacities serving as hubs of mass scale production and consumption,
and shopping malls serving as central megacity public spaces that
organise urban consumption and leisure. In the 21st century,

and especially in the light of pandemics, the shopping mall and the
megacity ‘centralised’ consumption model is changing, while villages,
towns, small and medium cities become increasingly attractive again.

.Key World of Skills:

88 Rising Regionalisation: Will the Post-COVID-19 World see a Retreat from Globalisation?,
Peter Enderwick and Peter Buckley, UNCTAD

89 The Future of Eco-innovation: The Role of Business Models in Green Transformation, OECD
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From Standardized Produce
to Creativity-infused Products

The idea of replacing humans with technologies has been present
since before the Industrial Revolution. In response to previous stages
of this process, the basic idea of the 1990-2000s was to develop the
‘knowledge-based economy’ and ‘creative economy’ — in other words,

to stimulate sectors where scientific, technological, and artistic creativity
become the main sources of value added. However, as evident from the

experience of multiple countries that have ventured on this path for the
last few decades, the potential of creative sectors growth is limited. 29
You can stimulate the musical industry to produce dozens of pop stars,
but you cannot have the whole national economy to be based on music
alone. Many traditional occupations that can now be automated, e.qg.
bakery, sewing and singing, will remain the playground of artisans and
hobbyists pursuing passions and creative expression. Personal
relationships will remain in the human domain, e.g. the service mindset
of a local baker or a tailor, their knowledge of your preferences, their
satisfaction and enjoyment from providing their expertise. Therefore,
the idea of humans ‘competing’ with robots and finding a ‘refuge’ in

the creative economy is probably a false one. Yet creativity is indeed

a key driver of value creation. The age of mass uniqueness assumes
that each of us is expected to produce and consume things that are
uniqgue — and usually do so in localised and intentional communities.
Global sales of customised products are currently only at 10%, but are
expected to grow nearly to 30% by 2025. 91 Many jobs of the future

in the manufacturing and service sectors will have a creative twist —

a human-centric approach and a personal touch of creativity. This will

be seen as the main value added that people will desire to engage with.

3.Key World of Skills: New Stories Emerging
/ 3.1 Shifting Paradigms of the Global Economy

Kyllonen Marjo , ,

Head of Development Services
City of Helsinki

It is important to prepare learners to adapt or to cope with
the unexpected, how to be innovative and brave to find new
solutions, how to meet and solve the problems of today for
the success of our societies. A transformative competence,
an ability to create new value, to shape the world and our
future, where well-being and sustainability is perceivable
for everyone. A competence to be responsible and take
responsibility, to be able to reconcile tensions.

920 Growing the UK’'s Creative Industries, Creative Industries Federation

91 The Future of Personalisation — and How to Get Ready for it,
Julien Boudet, Brian Gregg et al, McKinsey
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From Alienated Consumerism to
Participative Experience-based Economy

Consumer economy and continuing division assume a certain type

of social contract: to participate in a global economic system, people
have to specialise in the skill and occupation that suit them best, obtain
income, and pay for other specialists’ products with their money earned.
In fact, this ‘social contract’ has led to a separation, or alienation, of people
both from the fruits of their labour and from their own consumption.

The materialist consumer economy in its current form is not able to fulfil
the deepest human need — the need to be present, to participate, to
co-create, to engage. In order to respond to this issue, a new idea
emerges, that the product consumed is less important than the consumer
experience obtained, and the quality of this product is (often)
proportionate to the level of human engagement. As a result, it becomes
increasingly important to move away from individual consumption to

a community-based consumption: for instance, when you buy Nike shoes,
you are encouraged to become a Nike Run Club member with your own
‘peers’ and ‘elders’ that you can train with. Another important concept

is ‘prosumption; when consumers acquire ‘building kits’ instead of ready-
made products and participate in final stages of production: for instance,
when someone buys lkea or Home Depot furniture Kits, they are able

to share the joy of building their own furniture; and when someone buys
a ‘meal kit’ from companies like Mindful Chef or Elementareeg, they can
become their own ‘kitchen chef. Prioritising experiences over material
consumption also leads to ‘dematerialisation’ of consumption: many
people prefer to spend money on travel, education, online video

gaming or digital services, while living modest material lives with
‘minimalist’ consumption.

3.Key World of Skills: New Stories Emerging
/ 3.1 Shifting Paradigms of the Global Economy

From Simple & Linear to
Complex Systems

At the macroscale, the transition from material consumerism to
participative experience economy implies that classical measurements
of economic efficiency, such as GDP or shareholder return, are becoming
less relevant. What is more important is indication of personal well-being
(e.g. Happiness Index), of quality inner-personal relations (e.g. social and
human capital measures, such as Human Development Index), as well as
of good relationship between humans and nature (e.g. Ecological
Footprint). The interdependency of various measures of well-being —
local & global, economic & ecological — should also be underpinned, that
can be captured with holistic frameworks, such as Doughnut Economics.

Furthermore, to create sustainable and regenerative economies, it is
necessary to overcome the linearity, including the linear focus on ‘profit
maximising.’ It is necessary to track and control the outcomes and
‘externalities’ of the production process, to design and assess the product
life cycle, to recycle the waste and reuse the product. In order to create
such systems, digital solutions (including RFID and blockchain) are
increasingly used, enabling the creation of a regenerative network around
the core business. By 2023 more than 50% of large global companies will
be using Al, Advanced Analytics & 10T in various supply chain operations 22
— allowing for greater flexibility of the supply chain organisation, which
can further benefit from the active use of Al technologies. 93

92 5 Supply Chain Technology Trends for 2020. Supply Chain Trends, Lingaro Group

93 Artificial Intelligence and the Circular Economy, Ellen Macarthur Foundation
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Accordingly, the new business model is not the linear ‘chain’ (of supply
and distribution) but a complex network, or even an ecosystem that
often does not have one central ‘orchestrator’ and acts as an alliance or

a partnership. Such producer/consumer systems are more similar to living
ecosystems, such as forests or coral reefs, than machine-like conveyor
systems. These distributed multi-stakeholder communities bring together
the multitude of interconnected players that work not only to maximise
their own well-being, but also the well-being of the whole ecosystem.

A good example of this model are open source developer communities,
such as GitHub or Linux that bring together hundreds of teams and
organisations that create, share and capitalise co-created software

and a personal touch of creativity. This will be seen as the main value
added that people will desire to engage with.

It is natural that governance systems in such structures should differ
from the ones used in ‘linear’ organisations. For linear organisations,
the unity of action was important, and therefore the power was
monopolised in the hierarchical structure by leadership teams that
included top management and owners — a kind of ‘hub and spokes’
model where many systems are governed from a single centre. Multi-
stakeholder communities assume a multitude of governance centres,
with success dependent upon constant evolution, empowered ‘grassroot’
action, distributed decision-making and constant negotiations between
participants about the future of the system. It is the ecosystemic
governance model that brings forward a distributed leadership that
can in the future become ‘omnipresent’ or ‘liminal’ leadership, 24

with everyone and the whole enabling system serving as a leader.

George Por

Founder, Campus Co-Evolve

The future belongs to societies governed by wisdom,

the next stage of human consciousness. Such a society has
three key features. First: all social institutions are reimagined
and optimised for the benefit of the full development of every
citizen. Second: self-organizing collective intelligence is

a high priority in all communities and organisations. Third:
consequently, this society is also antifragile, which means
that in response to disruptions, shocks, failures or crises,

it keeps strengthening its capability to thrive and prosper.

New Stories Emerging / 3.1 Shifting Paradigms of the Global Economy:
From Alienated Consumerism to Participative Experience-based Economy
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94 The concept introduced by Nora Bateson, see Liminal Leadership - Kosmos Journal

7


https://www.kosmosjournal.org/article/liminal-leadership/
https://uk.linkedin.com/in/georgepor

From Extractive to Regenerative Economy

Since the Industrial Revolution, the main sources of economic ‘value
creation’ has often been based on extracting this value from ‘cheap’

or ‘free’ resources, such as oppressed and enslaved workforces, and
natural ecosystems. In the 17th and 18th century, American sugarcane
and coffee plantations required cheap labour force, so European stock
companies created a large-scale slavery system that exploited and
murdered millions of people from Africa. In the 19th century, cities of
Europe and North America required lighting, so whaling corporations
killed hundreds of thousands of whales to harvest whale oil. 92 In the

21st century, the Amazon jungle and Siberian taiga are destroyed to
produce furniture and paper, to free production spots for soybeans,

or oil drilling and mineral mining. Because colonial/capitalist models often
assume that nature, human culture and even well-being of foreign nations
are considered to be ‘free resources, the capitalist economy continues

to exploit and destroy these resources. Surveillance capitalism unilaterally
claims human experience as free raw material for translation into
proprietary behavioural data and prediction products. 26 Unique
indigenous cultures and languages, wild animal populations and natural

landscapes are devastated at the rate that is unprecedented in our history.

In 1972, the Club of Rome claimed with its Limits to Growth report that the
present economic model is unsustainable and can only last for a few
decades. In 2010, the Stockholm Resilience Centre pointed out to the
‘planetary boundaries’ issue: we ‘overshoot’ the ecological limits for our
population, we destroy our natural habitat faster than we can adapt to

the change we initiate — meaning our species faces the risk of extinction.
In order to overcome these lethal dynamics, we have to consciously transit
to a new paradigm — a ‘green, sustainable and regenerative economy.

3.Key World of Skills: New Stories Emerging
/ 3.1 Shifting Paradigms of the Global Economy

The basic idea behind regenerative economy is that all key resources

in the system have to reproduce or regenerate — and therefore, nature-
like (biomimetic) & cyclical solutions and regenerative design need to
be used to restore nature, as well as health and well-being of human
communities. ?7 Natural solutions are also optimal to address global
Issues, such as climate change. For instance, planting grass and trees
absorbs greenhouse gasses, and creating a billion hectares of new
forests could keep temperature increase by 2050 below 1.5°C vs pre-
industrial levels. 28 Global companies adopt regenerative solutions to
take responsibility for their resources and production processes: e.g.
Unilever has established a global redesign of its supply chains, so that
all of its supplying farmers also restore soil and biodiversity in the areas
of their operation. 29

95 They Used to Say Whale 0il Was Indispensable, Too, The New York Times

96 ‘The Goal is to Automate Us’: Welcome to the Age of Surveillance Capitalism,
John Naughton, The Guazrdian

97 Forum: Shifting from ‘Sustainability’ to Regeneration, Bill Reed, ResearchGate

98 Examining the Viability of Planting Trees to Help Mitigate Climate Change,
Alan Buis, NASA Global Climate Change

929 Unilever sets out New Actions to Fight Climate Change, and Protect and
Regenerate Nature, to Preserve Resources for Future Generations, Unilever
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The regenerative economic growth model assumes
that human prosperity is directly connected with the
flourishing of territories (e.g. bioregions 199) and all
life, including future generations. If 20th century
market economies were capital-centred, and modern
economies become human-centred, then, in order
to survive and thrive in the 21st century, we should
create systems that are life-centred and relational.
These systems explore our relationships with self,
others, places and other beings. The economy

of the future should serve all living beings (and

not just human beings) — this is the condition for
universal well-being and economic prosperity as

a part of the endless ‘web of life’ that we are

all a part of. 101

100 A Bioregional Economy: A Green and Post-capitalist Alternative to an

Economy of Accumulation, Rhydian F6n James, Molly Scott Cato, SAGE Journals

101 The Web of Life: A New Scientific Understanding of Living Systems,

Fritjof Capra
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New socio-economic model of 2020s

What scenarios emerge for the economy and society in the 2020s?
Our foresight sessions revealed a number of paradoxical tensions
with participants predicting trends that appeared contradictory.
For instance, some participants claimed that urbanisation and
megacity growth will continue and maybe even accelerate in the
2020s, while others suggested that we enter a period when people
will start to relocate from cities and come back to ‘rustic life’ —

and both sides provided strong arguments to support their position.

Whose point is more valid? In order to understand it, we identified
key ‘scenario forkings’ that emerged throughout sessions, and
conducted a survey, where respondents had to rank the likelihood
of seemingly mutually exclusive scenarios A & B on the scale
between 0 (strongly expect A) and 10 (strongly expect B).

The factors we wanted to explore describe various economic
aspects that defined the early 21st century economy:

** Globalisation: will it continue — or will it stop & even reverse?
** Urbanisation: will it continue — or stop / reverse?
% Mass Scale Standardised Production: will it continue
to dominate?
* Sustainability / Regenerative Economy:
will it continue to be ignored (‘business as usual’) or
will it come into the spotlight?
*» Digital Divide: will it reduce further (as in the last decade)
or will it grow again?

+* Innovative Growth: will it be driven by startups & venture
business, or will large companies (re)take the lead?

For many of these factors, there was no clear preference of

one scenario over the other in the group of experts. Some experts
could strongly and confidently support the globalisation scenario,
while others were equally strongly supportive of deglobalisation
and nation-inward focus — these positions would offset each
other, so that a weak preference of ‘national self-sufficiency’
scenario emerged. We saw the same story with other scenarios:
urbanisation (weak preference of ‘slowing urbanisation’), digital
divide (weak preference of ‘divide growth’) and ‘engines of growth'’
(weak preference of ‘large scale business as a driver’). Our
interpretation is that no clear choice of these scenarios have
occurred yet. From these factors’ standpoint, the world is in the
point of transition, in the potential bifurcation point. Clearly, COVID
has influence the world’s dynamic — but the selection of these
scenarios had not occurred yet, and if we consider some of them
as ‘undesirable’ (e.g. digital divide growth or national isolation),

we should realise that the new model of the world is being decided
right now, and it can depend on our effort.

~
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However, experts predict two scenarios to emerge
very clearly: the transition to customisation &
personalisation, and the transition to regenerative life-
centred economies. For these factors, there is a strong
signal in all sectors (even though ICT implies lower
engagement in sustainable / regenerative economy,
and construction & infrastructure is low on
customisation).

3.Key World of Skills: New Stories Emerging
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Figure 17: Emexging Skills Scenarios of 2020s
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3.2 A Land of Paradoxes:
Transformation of Job/Skill Landscape

The landscape of jobs and skills in the 2020s is shaped by both life-
embracing and dehumanising forces — the ones that empower and
liberate, and the ones that constrain and exploit — creating a complex
mix of practices and solutions. Many of these solutions appear to be
strongly incompatible with each other, and yet each of them will very

likely become a normal employment practice throughout the next decade.

We present this emergent landscape in the form of five ‘paradoxes’ that,
as they become addressed, will produce a new labour market model

for the 21st century. Rather than separate and opposite contradictory
choices, these paradoxes can be mutually enabling, contextual

& iterative, in dynamic interdependent equilibrium. 102 Addressing
paradoxes is an emerging skill, involving exploring tensions & holding
spaces, in which dualities can co-exist, blending the best of both worlds
without being reductionist. It has benefits for leadership, innovation

& creativity, 183 collaboration, empathy and system change.

102 Organisation Studies Special Issue on Paradox, Tensions, and Dualities of Innovation
and Change, Wendy K smith, Miriam Erez et al, SAGE Jouzrnals

103 Why the Paradox Mindset i1s the Key to Success, BBC
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< Paradox 1. Interchangeability & Uniqueness

Gig Economy:
Everyone is Commoditised

The idea of ‘gig economy’ implies that most people

will have temporary jobs or will do separate tasks, selling
their services through a platform that will allocate tasks
and payments based on gig worker performance. While
worker commoditisation can be exploitative, the future
workforce has been encouraged by the rise of gig
employment platforms, ranging from Uber for drivers to
Fiverr for freelancers. As more people were moved into
remote work and flexible contracts during the COVID
pandemic, the possibility of using a gig economy approach
was explicated even in more traditional businesses that
previously used long-term employment — a recent study
by McKinsey has confirmed that 70% of global CEOs want
to significantly increase number of temporary / flexible
contracts even for on-site jobs. 18 Companies may be
forced into the gig economy by competitive pressures

— e.g. part of Uber’s business model ‘success’ is that it
does not cover drivers’ medical insurance and many similar
costs that a traditional employer would incur. 183 potentially,
future businesses can organise hordes of highly specialised
gig workers into supply chains, using Al and unmanned
logistical solutions, replacing factories with distributed
production or servicing systems. 26 |n the gig economy,
there is a risk that people will find themselves in the role of
the 21st century precariat: workers seem as interchangeable
and potentially replaceable by technologies. Over time.
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Purpose-driven Economy:
Everyone is Unique

Studies of work motivation show that people perform

best in ‘purposeful’ working environments — where they

see themselves as part of the team that does meaningful
and impactful work, and where their own self-esteem and
personal growth can be enhanced by the work they do. 107
Equally, it has been recognised that workers with high levels
of intrinsic motivation do not require to be controlled too
much, will act more collaboratively and supportively, and

can overcome complex and non-standardised challenges. 108
In purpose-driven economies, every worker has high and
unguestionable value — and provides their unique and
meaningful contribution. Organisations seek to repurpose
their working practices and culture around talent, rather than
‘human resource’ management — and they even experiment
with creating jobs and assignments that focus on employees’
unique abilities and praise personal contributions. 12

The purpose-driven economy offers a vision of a human-
centric talent ecosystem that is coupled with an ecosystem
for life-long holistic learning to support everyone’s
meaningful life-long journey.

Addressing the Paradox:

What do we put first: economic efficiency

or individual and collective well-being?

Do we design systems for people — or people
for systems? The paradox seems unresolvable
until we restructure/abandon 20th century
economic priorities. But i1if we recognise that
systems should be built with human- and life-
centricity in mind, and especially if we couple
working opportunities with learning & growth
opportunities, then ‘gig economy’ platforms can
turn from ‘ruthless exploitation machines’ into
‘matchmaking spaces’ that enable every purposeful
worker find their next challenge for meaningful
growth and development. Hell and Heaven on
Earth can be built with the same tools.

104 The Post-pandemic Workforce: Responses to a McKinsey
Global Survey of 800 Executives, McKinsey

105 Uber Asks US Government to Give Its Workers Health
Insurance, The Washington Post

106 Google Cabs And Uber Bots Will Challenge Jobs ‘Below
The API’, Anthony Wing Kosner, Forbes

107 1he Benefits of Meaningful Work: A Meta-Analysis |
Academy of Management Proceedings, Jing Hu and
Jacob Hirsh, Academy of Management

108 The Four Intrinsic Rewards that Drive Employee
Engagement, Kenneth Thomas, Ivey Business Journal

109 Creating the Best Workplace on Earth, Rob Goffee
and Gareth Jones, Harvard Business Review
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https://hbr.org/2013/05/creating-the-best-workplace-on-earth

< Paradox 2: Surveillance & Empowerment

Surveillance Economy:
Everyone is Controlled

Shoshanna Zuboff’s recognition of omnipresent digital
platforms as ‘surveillance capitalism’ alerted us to the risks
of being controlled by a handful of global ‘data empires’. 119
As we move into increasingly digitised workplaces, every
action every second could potentially be recorded,
digitalised, analysed and controlled. How do we cope with
being under constant surveillance in the workplace, and how
do we survive in the invisible ‘digital cage’ set up by
algorithms? How will we perform in environments, where the
payment and career advancement are recommended by
algorithms based on surveillance results? The constant
digital monitoring may not necessarily be evil — for example,
real-time tracking of body indicators by fithess bracelets
helps turn unhealthy habits into healthy ones. 212 Similarly,
evidences suggest that the workplace surveillance may often
improve employees’ productivity. 122 But the issue holds: will
we accept the constant surveillance in the workplace, or will
we rebel? Will we consider limited surveillance as a working
benefit enjoyed by more loyal employees? We can think of
these and many other questions quickly emerging as a new
working reality.
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Empowered Society:
Everyone is Trusted & Empowered

The main value that human beings bring to the workplace is
not doing what they are told — but being able to act ‘outside
the box’, create and innovate, and deal with situations of
uncertainty. In doing so, people perform best not when they
are constantly controlled and monitored — but when they
are entrusted to do their best, even at the risk of failing. 213
As our society has to deal with more complex and uncertain
situations — it demands more people that are able to think
and act independently. The idea of empowerment implies
that people become more autonomous and self-determined,
and so they gain more control over their lives, their work,
and their future. Being empowered is highly beneficial for
business, especially the one that depends on the employee
responsibility and commitment — whether it is a consultant,
a flight dispatcher or a waiter. But it is also highly beneficial
for human beings themselves — as it nourishes our dignity
and contributes to our happiness and our feeling of self-
accomplishment. Empowered organisations create new
ways of organising roles and processes that dismantle
hierarchies and enhance intra-organisational
communications. 114

Addressing the Paradox:

Surveillance 1ssues arise where there

1s asymmetry of power when it is exercised

by powerful superiors to control and exploit

the powerless inferiors. However, if digital
monitoring tools are used for self-improvement

— 1n the same manner as people use fitness
trackers to monitor their physical activity

and encourage exercise — then they are not
perceived as ‘tools of oppression’ but more

as 'tools of enhancement’. In empowered
organisations and collaborative communities,
digital tracking and monitoring can create a
form of ‘digital mirror’ — a human ‘digital twin’
in the form of a chatbot or an AI assistant that
supports personal and collective betterment and
enhances conflict resolutions. But to achieve
these ends it has to be available for individual
and collective design and fine-tuning to serve
human well-being above all.

110 'The Goal is to Automate Us’: Welcome to the Age
of Surveillance Capitalism, John Naughton, The Guardian

111 How Fitness Trackers can improve your Health,
Harvard Health Publishing

112 The Advantages of Surveillance in the Workplace,
Lynne Haley Rose, Chron

113 Trusting Employees Supports Better Performance,
Maria Williams, The SHRM Blog

114 power in the Empowered Organisation: The Design
of Power in Highly Adaptive Organisations, Gervase
Bushe, Organisation Development Practitioner
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< Paradox 3: Individuality & Collectivity

O

Increased
Individuality

The systems of employment and social security, consumer
economy and urban culture throughout the 20th century
have made enormous effort to ‘atomise’ human beings 11°
or isolate them from each other (as described in Yuval
Harari’'s Homo Deus), promoting patterns, such as
individualised consumption, self-employment, independent
decision-making, small families or single parenting.

The trend of individualisation will remain strong in the
coming decade. The continuing division of labour and rising
platformisation of increasingly flexible employment suggest
shifting from massive hiring in ‘bulks’ towards an increasingly
personalised talent acquisition. Whether in distributed
remote teams or in ‘gig’ contracts, workers will have to
become increasingly self-reliant, self-disciplined, and
organised by their own commitment more than by peer
pressure. People will take personalised development
pathways to cultivate unique ‘bundles’ of competencies

— and they will compete by the ability to make unique
value contributions with their talent.
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The Age
of Team Play

The success of businesses is highly dependent upon

the performance of their collectives and teams. Michael
Lewis’ book Moneyball explains the secret of top sports
teams’ performance is not to create a group of star
personalities, but to find players that perform well with each
other. A team or a community is more than ‘sum of its parts’
or a collection of individuals — it is a living system that acts,
learns and evolves as a whole (as suggested by Peter Senge

and proponents of organisational learning approach). Teams
are also not static, they are flexible and transforming,

so learning how to set up and drive high performing teams
Is considered crucial to organisational success. Hiring
practices begin to prioritise teams over individual players,
especially in emerging sectors where startups are often
acquired in order to obtain their young and ambitious teams.
Workers are increasingly anticipated to become great team
players, so they need to learn to serve their collectives

with team-oriented skills, such as empathy, mutual support
and empowerment, and conflict resolution, rather than
praise their own talent.

Addressing the Paradox:

The interplay between personal and collective
has been at the centre of social evolution
and cultural stories for centuries, and gets
more complex with time. The age of mass
uniqueness will require unique teams — but
1t will also invite unique individuals that
contribute to multiple teams and communities.
There is risk in juxtaposing individuation

/ focus on personal success with collectivity
/ focus on team or community success — but
finding healthy ways to combine these motives
appears the right way forward. As work processes
become more complex and networked, leaders

need to cultivate the capacity of teaming —

a practice of organising and evolving
dynamic teams of irreplaceable talent.

115 The Spreading Process of Social Atomisation,
Simone Redaelli, Culturico
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< Paradox 4: Specialising & Generalising

Age of Specialising: Narrow
& Technology-focused Skills

The growing complexity and diversification of the global
economy is coupled with the increased division of labour.
While O*NET Occupational database currently recognises
969 distinct occupations for the US economy, LinkedIn
network identifies already over 6,000 distinct occupations
and over 36,000 unique skills 126 (this number rose from
30,000 in 2017). Solutions and technical systems become
increasingly complex, requiring more narrow specialist skills
in highly tech-focused areas. In GEF 2018 Future Skills Study
we called them ‘context-dependent skills’ defined by the
specific field of application and the use of specific tools.
Our study also argued that the number of diverse skills will
continue to increase. Professionals are expected to keep
their technical skills constantly updated as tools continue

to evolve. For example, in ICT, programmers constantly move
from one platform to another, 127 with companies launching
new language training only for them to become obsolete
within a year. So it can be expected that in the future, as in
the past, professional success will be dependent on the
personal mastery of narrow and highly sophisticated
technical skills.
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Age of Generalism: Broad, Multi-
disciplinary, Integrated & Human Skills

The greater complexity we encounter, the more we

demand ways in which our complex and diversified world
can be integrated — we demand connectors, storytellers
and weavers that can pull it together. We also recognise that,
in the rapidly changing world, a narrow specialisation brings
a risk of losing the relevance if a job role becomes disrupted
by technological innovation. An antidote against rapid
changes is skills transferability based on mastering more
foundational skills — for example, a programmer who
comprehends foundations of programming and has strong
mathematical intelligence can easily move between
programming languages and paradigms. Also, both teams
and individual talent need to prioritise multi-disciplinarity
(‘'T" and ‘M’ shaped skill sets) as well as the ability to
generalise and comprehend complex systems (enabled

by critical and system thinking). Finally, since our survival
and well-being is based on our ability to relate with our
thoughts, emotions, and sources of energy, as well as with
other humans — mastering existential and relational skills
becomes crucial for success and flourishing.

Addressing the Paradox:

Not all skills are made equal — we can see
that ‘narrow’ technical skills differ from
‘generic’ human skills, and that mastering

a computer language can go hand in hand with
learning to be a good team player. The GEF 2018
Education Ecosystems report tried to address
this paradox by recognising that various skills
can be distinguished by the breadth of the
context and duration of their validity: the
skill of Java programming can only be applied
in a professional context and be valid when
there are devices that use Java — while optimism
1s a universal ‘existential’ skill that can be
applied throughout lifetime and all contexts.
To be more versatile in narrow skills, one needs
to master generic and human skills: an ability
to learn, to self-discipline, to collaborate,
etc. Soft skills can also strengthen each
other: as Howard Gardner’'s theory of multiple
intelligences suggests, the more modalities

of intelligence one masters, the more adaptive
and creative one becomes.

116 Find New Jobs with the Skills you already have,
LinkedIn Economic Graph

117 Predicting the Most Popular Programming Languages,
Sieuwert van Otterloo, ICT Institute



https://www.onetcenter.org/database.html
http://worldskills.ru/assets/docs/media/WSdoklad_12_okt_eng.pdf
https://linkedin.github.io/career-explorer/
https://ictinstitute.nl/predicting-programming-language-popularity/
http://The 2010s Have Been Amazing,

< Paradox 5. Knowledge Abundance & Co-creation

(5
o

Knowledge Abundance:
Global Knowledge on Fingexrtips

The design of the Internet comes as a system of

organising all human scientific and technological knowledge.

Today, Wikipedia can be seen as the most comprehensive
collective effort to structure all human knowledge available,
while Google offers a fast way of accessing any digital
source in the open web. This knowledge is increasingly
globalised — we may still have borders, but our Google

and Bing searches offer links to resources in dozens of
languages, created by people from all over the planet,

and automatic translators help us comprehend solutions
and ideas from other cultures. Instead of memorising the
old ways or trying to invent our own new ways, we just
need to know where to look for answers. Knowing how to
ask and who to trust now becomes the skill. Evidence shows
that most successful Internet searches are performed by
people who have their own knowledge ‘mind maps’ and
cultivate system thinking to comprehend the complex
world. 118 Knowledge transferability is further enhanced by
shared language and skills that serve as a basis for fast and
efficient communication. In the future, globalised collections
of transferable human knowledge can be increasingly
organised and enhanced by Al that will establish networks
and ecologies of knowledge, and will also guide or even
accomplish further knowledge creation. The knowledge
abundance may come at a price however if knowledge
absorption is not controlled: much like obesity is a problem
with overeating, digital overload/overconsumption can lead
to communicative dysfunctions and mental health issues.

c%('%c%

Knowledge Co-creation:
Community-based & Contextualised

Many forms of knowledge are tacit or personal and
community-based, and exist in a form of know-how that

can only come through experience. 1% Tacit knowledge

is hard to transfer from one person to another, even if a
technology is well documented. 229 |t becomes even more
apparent when knowledge is locally situated: what makes

up a success of a local community (including both modern
and indigenous groups) is its collective knowledge of social
relations, culture, natural processes, etc., and if a community
wants to re-learn its way of being it has to go through this
process together, by acquiring new rituals, habits and
structures. It has to reinvent itself locally, and there are no
one-size-fit-all recipes for the process — external materials
can only offer guidelines or tips to learning that still has to be
local, personal / communal and experiential. Also, any worker
or team facing a situation of uncertainty or an unresolved
challenge is welcomed with an opportunity to create new
knowledge that can become a local wealth or can be globally
shared. There is a wealth of hands-on traditional human
knowledge still to be unrooted — indigenous communities,
for example, often champion low-cost sustainable and
regenerative practices, and hold many human practices that
help heal our relationship with ourselves and with each other.
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Addressing the Paradox:

Albert Einstein famously said: ‘The more

I learn, the more I realise how much I don’t
know’. The increased access to the infinite
pool of explicit and transferable collective
human knowledge opens many new possibilities
for learning with each other, recognising what
we know and opening up to what we do not know.
Mastering and co-creating knowledge is one of
the greatest and most exciting human ventures
that transforms life from a routine into an
inspiring jouzrney.

118 TED Blog: 10 Research Tips for Finding Answers Online,
Danielle Thomson, TED Blog

119 The Tacid Dimension, Michael Polanyi

120 The Knowledge Creating Company: How Japanese Companies
Create the Dynamics of Innovation,
Ikujiro Nonaka and Hirotaka Takeuchi
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Our survey has analysed four key factors that describe

possible future scenarios:

** Will the skill gap continue to widen or begin to close?

** Will the society need narrow focused specialists —
or will it need more generalists?

*» Will the greater demand be around individual skills
— or collaborative team skills?

**» Will we continue to use digital tools and drive their
development — or will we see these tools using and
organising ourselves?

Clearly, in all four dimensions we can see the future
skill paradigm emerging. Two strongest anticipations
are to recognise the need for multi-disciplinary-focused
and team-oriented professionals. It is also expected
that in the future of work people will be increasingly
controlled by software, including, but not limited to,
‘gig economy’ platforms. Flexible learning systems are
expected to help close the skill gap — but this scenario
is the least certain among the four.
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Scenal‘los Which Scenario is most likely over the coming 10 years?

Global Capitalism
of Early 215t Century

Digital Divide closes

Skills Gap widens

Specialists

Individual Skills

People control Algorithms

Emerging Trends
of 2020s

EQUITY
¢ IO Digital Divide widens
4 I ® Skills Gap closes
DEMAND FOR
OI 4 Generalists
® IO Collaborative Skills
PRIVACY & FREEDOM
4 I 4 Algorithms control People
& = MIN ® = MAX I= All-sectors Average



3.3 Fundamental Skill Set:
What is Critical?

Our earlier work, as well as the WorldSkills Kazan 2019 Skills Declaration,
emphasised that every professional should receive a set of skills for
employability, or a fundamental skill set that should include certain basic,
cognitive, digital, socio-economic, cultural, and green skills. In this section,
we explicate the key components of the ‘fundamental skill set’ model.
During our analysis across key sectors of the global economy, we identifed
a recurrent set of skills that appear to be universally relevant. Certainly,
not everyone can be versatile across this skill set — but, to navigate and
succeed in the complex environment of the 2020s, one needs to cultivate
at least a basic knowledge of the skills listed below, applying to the world
with wisdom. 121

Resources that help to develop these skills can be explored in subsequent
research projects — we welcome collaborations from the professional
community.

3.Key World of Skills:
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121 Transforming Knowledge Systems for Life on Earth: Visions of Future Systems and How to get there, IoanFazey, NikoSchapke et al, Science Direct



https://www.sciencedirect.com/science/article/pii/S2214629620302991?via%3Dihub

Fundamental SRkRill Set

COGNITIVE Internal skills of self that help us
adapt and thrive in an increasingly
FOUNDATIONAL complex & uncertain world

e Adaptability, Future Thinking
& Navigating Accelerating Change
(e.g. across technologies),
Coping with Uncertainty & Crisis

e Critical & Creative Thinking,
Understanding Biases,
Intellectual Humility

o Multi-disciplinary
Versatility & Systems thinking,
Understanding Complexity
& Seeing our Role in Systems

e Learning to Learn, Unlearning,
Intellectual Humility

e Human, Social
& Emotional Skills:
Kindness & Compassion, Empathy,
Conflict Mediation
e Paperless / Visual Communication
e Interdisciplinary, Cross-sectoral
& Cross-cultural Communication,
Storytelling & Advocacy

e Language Skills

e Collaboration & Teaming (On &
Offline — incl. Trust Building)

e Facilitation & Co-creation

e Entrepreneurship (incl. Finance
& E-Commerce, Customer Focus...)
e UX / Ul Design / User-centric
Approaches*
e Agile Project Management*

: What i1s Critical?

TECHNICAL
& DIGITAL

» Digital Skills, including
Al Skills & Big Data, and
Emerging Technologies
(e.g. Blockchain, AR/VR/MR...)
e Cybersecurity
e Programming & Controlling
Robotics / loT

GREEN & UNIVERSAL

WELLBEING

e Environmental, Practices,
Sustainable & Regenerative
— both Technological
(e.g. Carbon Footprint Analysis,
Lifecycle Management, etc.)
& Human (Reconnecting
with Nature)
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Skills that connect to the 2020s

tech teality and help use the full
potential of digitised workplaces

e Tech Integration & Bridging

o Neo-crafts & Services
(incl. 3D Manufacturing)

e Basic Skills for Digital:
Mathematics & Logic,
Reasoning

Skills that ensure we
are building a thriving
future for all life

e Awareness & Well-being
(incl. Taking Care of Oneself
— Mental Health, Intentional
Downtime, Self-protection)

e Diversity, Multi-cultural
Awareness, Inclusion*

e Ethical Decision-making*

Mutually exclusive categories have limitations, so readers should see these skill clusters as broad families with fuzzy boundaries. For example, ‘Diversity, multi-
cultural awareness, inclusion’ could sit in the Socio-Cultural or well-being cluster. Skills that could fit in multiple clusters are denoted with ‘x’
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Key SKills

Skills/

¥&  SOCIO-ECONOMIC

TECHNICAL o COGNITIVE
Roles @ & DIGITAL FOUNDATIONAL .5.‘. & CULTURAL

Clusters

ALL
SECTORS

Py
%,

Collaboration
(On & Offline)

Facilitation
& Co-creation

Ethical
Practices,
Critical Thinking,
Understanding
Biases

JOF
Diversity,
Cultural
Awareness &
Race Relations

Learning
How to Learn
& Unlearn

T A
L

MANUFACTURING

& ENGINEERING

Py
A%

Collaboration
(On & Offline)

e,

Facilitation
& Co-creation

Big Data

Analytics

:Jf:

CNC Operation
& Programming
(Unified Role)

Digital
Quality
Control

&0

CONSTRUCTION &
INFRASTRUCTURE

Recycling,
Rebuilding &
Retrofit design

PRy
8%

Collaboration
(On & Offline)

Environmental
Maintenance
& Green Skills

Mental Health
& Wellbeing
Design Roles

GREEN & UNIVERSAL

<: ’ WELLBEING

TRANSPORTATION

& LOGISTICS

e
%,

Collaboration
(On & Offline)

Human / Soft
Skills (Social,
Emotional,
etc.)

Ethical
Practices,
Critical Thinking,
Understanding
Biases

Facilitation
& Co-creation

s
A%

Diversity,

Equity, Cultural
Awareness

& Race Relations

Big Data

Analytics

:Jf:

Infrastructure

as a Service
(EEN))

Y
8%

Facilitation
& Co-creation

Py
A%

Collaboration
(On & Offline)

:if:

Cloud Solutions
Architect

& Disaster
Recovery

Sourxce:
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HUMAN & SOCIAL

SERVICES

PRy
%,

Human / Soft
Skills (Social,
Emotional,
etc.)

8

LA

A%

Storytelling,
Advocacy &
Community
Roles

Resilience Roles

(eg Counseling)

Big Data
Analytics

GEF + sector expert foresight sessions

[

CREATIVE
INDUSTRIES

Py
PO

Activist Art

Facilitation
& Co-creation
of Art / Creativity

Human / Soft
Skills (Social,
Emotional,
etc.)

Diversity,
Cultural
Awareness &
Race Relations

:1;
Info Stylist -
helps customize
Presentations
[ Materials for
various
Audiences

+'I-

=N

AGRICULTURE
& ECOLOGY

Py
PO

Collaboration
(On & Offline)

Facilitation
& Co-creation

Py
A%

Diversity,
Equity, Cultural
Awareness &
Race Relations

Cybersecurity
Skills

Habitat
Conservation

n=281 + surveys n=350



Skills/Roles for the Decade

ising

R

Skills/
Roles @
Clusters

ALL
SECTORS

:1;

loT Skills
+ System
Operation

:Jf:

AR/VR /MR
Design,
Engineering,
etc.

Regenerative
& Sustainable
Skills

:jF:

Blockchain

Systems
Design

Multidisciplinary
Cross-sectoral
Catalysts

TECHNICAL 8\ COGNITIVE
& DIGITAL -} FOUNDATIONAL

T A
L

MANUFACTURING

& ENGINEERING

Robotics
Designer /
Integrator

:Jf:

Small Batch
Manufacturer
(VR Design
+ 3D Printing)

Regenerative
& Sustainable
Skills

Navigate
accelerating
Change

(eg New Tech)

:fF:

Licensed Drone

Operators &
Engineers

¥&  SOCIO-ECONOMIC

Sé¢ & CULTURAL

&0

CONSTRUCTION &
INFRASTRUCTURE

loT Skills
+ System
Operation

Full Lifecycle
Approaches:
Cost, Social &
Eco Outcomes
Measurement

:1;

3D Printing
Designers &
Operators

Health & Safety
Awareness / Skills
(Using AR/VR
Remote Tech)

Lean / Agile
Implementor

GREEN & UNIVERSAL
’ WELLBEING

TRANSPORTATION
& LOGISTICS

Drone
Service
Engineers

:Jf:

loT Skills
+ System
Operation

Regenerative
& Sustainable
Skills

Regenerative
& Sustainable
Skills

Cybersecurity
Specialist

ICT &DIGITAL

Meta
Programming
skills

:Jf:

Data as
a Service
(PDEER)

loT Architecture
Design

:1;

AR/VR /MR
Design,
Engineering,
etc.

UX Ul design
[ User-centric
Approaches

Sourxce:
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HUMAN & SOCIAL
SERVICES

PRy
%,

UX & Customer
Centric Roles

:Jf:

Training /
Programming
Al

:Jf:

AR/VR /MR
Design,
Engineering,
etc.

Health & Safety
Awareness / Skills

(Using AR/VR
Remote Tech)

New
Communication
Skills (Visual/
Touch/Gesture/
Thought)

1

[

CREATIVE
INDUSTRIES

PRy
pOA

New
Communication
Skills (Visual /
Touch / Gesture
| Thought)

Transdisciplinary
Designers,
Catalysts &
Community
Builders

:1;

AR/VR /MR
Design,

Engineering,
etc.

Cross-sectoral
Bridge Role

Storytelling,
Advocacy &
Community
Roles

New_tSitoRriestE/m/eg ig 85
e epor .
What 4o Ciitical?

+'I'

=N

AGRICULTURE
& ECOLOGY

Big Data
Solutions for
Agriculture

loT Skills
supporting
Agriculture

& Automated
Solutions

Biosystemic
Designer of
Regenerative
Farming
Ecosystems

Designers,
Catalysts &
Community
Builders for
Wellbeing of
People & Nature

:15:

Blockchain

Systems
Design

GEF + sector expert foresight sessions n=281 + surveys n=350



Sectoral
Overviews

This chapter describes key trends shaping
the future of specific sectors, and outlines
most important job roles and skills that
are anticipated to emerge in the 2020s.
The findings below are results of sectoral
foresight sessions and surveys.
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4.1 Manufacturing & Engineering
Definition

Manufacturing is the agglomeration of industries engaged in chemical,
mechanical or physical processing of raw materials and components,
through the use of tools & labour, into consumer or industrial goods.

Examples include Aerospace Manufacturing, Chemical Industry and
Machinery Building.

Engineering is the use of scientific principles to design and build machines,
structures and related products, including fabricated metal products,
industrial equipment, electronic and chemical products and instruments.

The global workforce in manufacturing amounts to 12% of the total
working population, and the share of global GDP amounts to 17%. 124

Skills represented in WorldSKkills competitions include Additive
Manufacturing, Chemical Laboratory Technology, CNC Milling, CNC
Turning, Construction Metal Work, Electronics, Industrial Control, Industrial
Design Technology, Industrial Mechanics, Industry 4.0, Manufacturing
Team Challenge, Mechanical Engineering CAD, Mechatronics, Mobile
Robotics, Optoelectronic Technology, Plastic Die Engineering, Prototype

Modelling, Renewable Energy, Robot Systems Integration, Water
Technology and Welding.

124 ILO World Employment and Social Outlook, WorldBank Data on Manufacturing Value Added

4. Sectoral Overviews

The top three most likely scenarios for the sector are increasing demand
for collaborative skills, customisation & personalisation and transitioning
to life-centred, regenerative & circular business models. The sector

may lag behind other sectors in the transition away from ‘business

as usual’ (-8% v other sectors). The trend towards demand for
generalists over specialists is also likely to be slower than other
sectors, reflecting the continued need for more narrow specialists

in this sector. Digitisation and automation are both predicted

to impact the sector more than any other.
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AUTOMATION & DIGITISATION

The sector is significantly more affected by these two interrelated
megatrends than most other sectors (see Key Aspects - MegaTrends)
and the dominance of Tech factors in Factor Table (Annex).

Automated manufacturing of manual & rote tasks is augmented by

next generation robotics for increasingly complex tasks, e.g. welding.
Collaborative robots have been commercially available for several years
from companies, such as KUKA, FANUC & ABB. Blockchain, RFID & GPS
and loT are key drivers of digitising supply chains, increasing control and
transparency throughout the ecosystem. Integrating with Al drives self-
learning and self-repairing machines & production lines which may
become an important driver of change at the end of the decade. Similarly,
the use of cloud twins (digital copy of a product in the factory automated
system) allows the simulation of all possible situations, or at an
aggregated level predicting factory problems / failures. Multiple step
increases in cloud networking and computing capacity will occur
throughout the decade, with quantum computing expected to be

the biggest leap, towards the end of the decade. Building Information
Modelling (BIM) is already significantly affecting sector skills. BIM,

as a tool incorporating Big Data & Al, and critically as a process,

can drive collaboration, customisation, cost estimation and reduction
and lifecycle management. Hyperconnectivity and other technological
factors are discussed in Section 2.3.

4.Sectoral Overviews / 4.1 Manufacturing & Engineering

GLOBALISATION VS RE-LOCALISATION

See Section 3.1 for description of the transition from ‘Global supply
chains to relocalised production ecologies. In this sector, COVID disrupts
global supply chains & collaboration, as political policies push towards
national self-reliance and full-production cycles inside every country.
This accelerates existing relocalisation manufacturing trends and demand
for turnkey installation of industrial facilities. More fragmented, local,
niche and small batch manufacturing is driven by both demand

(for personalisation of manufacturing and shorter lead times), and by
supply on demand (mass use of 3D printing for small scale production,
more precise control from digitised supply chains lowers inventories).
This relocalisation trend could further exacerbate the digital divide
between poorer & richer regions & nations due to lack of connectivity,
energy infrastructure & competencies.

WHERE & HOW WE WORK

COVID-related distance working has become the new norm for many,
including engineers & in particular programmers. Other sectoral factors
driving this trend include automation moving maintenance skills to
programming skills, Internet of Things, and later in the decade, the
mass use of unmanned vehicles for industrial logistics. Strict hygiene /
biosecurity rules for COVID-safe production & delivery environments is
top of the list of factors affecting skills in the sector. Second on the list
of factors affecting sector skills is Cybersecurity, increasingly critical
and described in Section 2.3 Technological drivers. Safety & Security
will come under increasing scrutiny.
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https://www.kuka.com/en-de/future-production/industrie-4-0/industrie-4-0-cobots-in-industry
https://www.fanucamerica.com/products/robots/series/collaborative-robot
https://new.abb.com/products/robotics/collaborative-robots
https://www.theguardian.com/technology/2019/aug/07/robot-heal-thyself-scientists-develop-self-repairing-machines
https://www.researchgate.net/publication/334759247_Digital_twin-driven_smart_manufacturing_Connotation_reference_model_applications_and_research_issues
https://en.wikipedia.org/wiki/Building_information_modeling

INTERFACES

Today, on site work is being transformed by use of mobile and tablet
devices, augmenting collaboration & management control. Skilled workers
using Mixed Reality/AR/VR will become more commonplace through the
decade. Intuitive visual UX/Uls aim to aid the adoption of the new
methods for workers, although there is often a learning curve which

can steepen with age. (By the end of the decade, the workforce will

be increasingly senior almost everywhere, due to fewer births, starting
work later and retiring later). These examples of Human-Machine
Interfaces (HMI) will be followed by Neural (brain) Interface

engineering, emerging much later in the decade. Second on the list of
factors affecting sector skills is Cybersecurity, increasingly critical and
described in Section 2.3 Technological drivers. Safety & Security will come
under increasing scrutiny.

ENVIRONMENTAL SUSTAINABILITY

is a key message from our Foresight sessions. According to surveys

it becomes a ‘must have’ around the middle of the decade, including

the use of eco-friendly materials, energy sources and production modes.
3D Printing is seen as the most significant factor affecting skills in the
sector this decade, and is 21% more significant than other sectors.
Printing only what is needed reduces waste and transport costs, and
increases design flexibility & sustainability. The use of new advanced
designer materials, including composites, alloys, nanotech, is predicted
to be significant by 2023, although there is a more nuanced picture when
looking at each new material innovation separately.

4.Sectoral Overviews / 4.1 Manufacturing & Engineering:
WHERE & HOW WE WORK

Margin pressure comes from increasing global competition, rising

material costs and environmental legislation and COVID induced

spending reductions. An emerging option to differentiate is ‘Industry

as a service” a digital transformation to provide services and solutions that
supplement traditional product offerings. This requires closer collaboration
with customers to understand changing needs. Demographic factors
include ‘permanent’ loss of jobs due to structural shifts (+11% more
significant than other sectors), and the workforce becoming more senior
(+14% more significant than other sectors). These will be significant in

the second half of the decade and will require significant reskilling and

risk mitigation strategies.
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Emerging & Transforming Roles & Skills

The current critical importance of collaboration, facilitation & co-creation
(#1 & #2 in Sector Skills 2020) reflects both their importance to
organisations internally and the shift towards larger-scale industrial
collaborations, such as industry ecosystems and Digital Supply Networks
(DSN). Related to this, learning how to learn and unlearn (#6 in sector
skills 2020) reflects the accelerating change in the sector, in particular
technologically. International collaboration was mentioned as a particular
focus in our expert foresight breakout sessions, as were Interdisciplinary
skills. Lean and Agile processes — predicted to be significant this decade
by all experts surveyed — typically requires improved collaboration &
communication skKills. This brings cost savings, higher productivity and
shorter schedules. Related roles include Small Batch Manufacturer (for
example, incorporating VR design, modelling and servicing 3D printing)
and Ul Experts to help customise production on demand. Communication
skills will transform through the decade, from writing & drawing on paper
to typing & touch on tablets, voice & gesture-activated automations.

An example of the trend towards interdisciplinary skKill sets is the
application of computer numerical control (CNC) to machinery (e.g. drills,
mills & lathes), where operation, maintenance & programming is predicted
to become a unified role early this decade. Other examples come from
merging disciplines, such as electronics, electromechanics, bioelectronics
and digital (as discussed below).

Hand skills are not going away completely, although they are decreasing
and will need to integrate increasingly with new technological advances.

They are unsurprisingly more important in this sector than any other sector

(+11%). Historically over the past 5 years they match manufacturing

4.Sectoral Overviews / 4.1 Manufacturing & Engineering

automation in terms of search volume. Note the recent rise in interest
in Cobots in Comparison Annex. Robot Teaming Coordinator (RTC)

IS an emerging role training humans and robots to work together
collaboratively.

Scott Walker , ,

Director, Matter Innovation,
UK

The current pandemic has made it very obvious that
organisations need to prepare better for flux and an ever
more unpredictable and complex world. Critical gaps include
adaptability, managing uncertainty, processing high volumes
of contrasting information (to allow for better decision-making),
and evaluating strategic risk very quickly. The demand for
real systems thinking (beyond just mapping, but actual
implementation and ‘doing’) will require capacitating critical
thinking, resilience and creative leadership competencies.
Education must adapt from its Victorian model and start
preparing future generations for constant adaptation,
ongoing reskilling, stress tolerance and self-management.
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AUTOMATION & DIGITISATION

A Digital Manufacturing Engineer has functions of designing and building
new systems and processes that use advanced manufacturing
technologies, like 3D printing, reducing errors, increasing efficiency and
designing/upgrading manufacturing operations and systems. Al Trainers
help machines and programs learn to make better decisions. Machine
vision systems operators, developers, programmers may focus on a single
unit/machine/application. They are supported by Al Integration
Developers, Worker Experience Designers and Smart Factory Managers
with oversight of larger processes and projects, making information more
accessible, streamlining relationships between operator and machine
(hardware & software). While training in process-automation tools is
relatively easy, training in Al tools (including office functions, such as
purchasing strategies or forecasting and pricing decisions) is more
complex. Both direct and indirect functions will receive a productivity
boost through big data analytics. Data collected by an ecosystem of loT
sensors and Al that analyses and interprets the information in real time
will provide actionable insights to Industrial Engineers, increasingly via
Virtual/Augmented Reality. Roles in Data Science and Digital Quality
Control will be needed to develop and set up the systems while the
existing workforce will need to be trained for the new tools. 223 Chief
Digital Officers advocate for new technologies and envision how their
companies can implement new ideas. Rapidly changing technology
requires constant retraining and cultural management in the face of
resistance to change. Information overload requires Al assistance and/or
screening skills.

125 Building the Workforce for the Future in Manufacturing Industries, Oliver Wyman

4.Sectoral Overviews / 4.1 Manufacturing & Engineering:
Emerging & Transforming Roles & Skills

Robotics Engineer is #2 on LinkedIn’s emerging roles 2019 with 40%
annual growth in the USA. Companies focused on information technology
and services, industrial automation, computer software, financial services
and the automotive industry will be looking for software and hardware
engineers to continue the upswing in physical and virtual bots. Key skills:
Robotic process automation (RPA) e.g. UiPath and Blue Prism. Other
Automation roles include Robotics Designers, Operators and Integrators
and Manless Logistics Dispatchers. Predictive maintenance soon becomes
part of the work of the technician, not an exclusive task for the engineer.
Machines and automated software move to self-repair & auto-
maintenance, transforming the servicing workload to oversight.
Automations should be considered as ‘workers’ who need instruction,
coordination, performance reviews and maintenance themselves.

Mixed, Augmented and Virtual Reality skills are now used for Design,
Engineering, Maintenance, Safety and Remote Management roles,
incorporating visualisation, simulation, and virtual prototyping techniques.
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4.Sectoral Overviews / 4.1 Manufacturing & Engineering

Implications for Policy, Education & Training

The skills gap in this sector may leave an estimated 2.4 million positions
unfilled (2018 - 2028), with a potential economic impact of $2.5 trillion. 126

Recommendations: Education & Training, policy Recommendations: Companies
*» Upskilling & reskilling for Industry 4.0: Education and Industry work +*» Create new roles that embrace & maximise the effectiveness of digital
together to ensure skills aligned in the workplace and while learning; technologies. The existing workforce can be trained for new roles
retraining strategies for manual & hand skills specialists as they are (e.g. Robot Controllers).

replaced by automations.

*» Partner with learning institutes and pooling/collaborating with other
*» Virtual Learning Spaces — AR / VR to simulate factories for training, companies to nurture digital talent.
self-education.

+» Depending on the scale required, outsourcing may be the best route
*»* Green skills do not feature in skills rankings as other sectors. to fill certain specialized, highly technical roles (e.g. Data Science). 128
This should be addressed through: advocacy to raise awareness of

the benefits (e.g. cost savings & staff retention); training focused on o
solving environmental and health problems; integration of the sector >ee also Chapter 6 Jor more stakeholder-specific
with other sectors (education, consumers, local communities, etc.). 127 recommendations.

** Mechanisms for Global Technology transfer/open innovation/sharing
wise practices. Critical for the sector globally that ‘the 4th industrial
revolution we’re going through now is also co-owned and developed
by emerging economies — not only the technology giants/corporates.

126 5013 Manufacturing Skills Gap Study, Deloitte

127 sustainable Manufacturing Good Practices, OECD and Global South Examples, UNCTAD

128 Building the Vital Skills for the Future of Work in Operations,
Kweilin Ellingrud, Rahul Gupta et al, McKinsey
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ﬁ;@ 4.2 Construction & Infrastructure

Definition

Construction includes building technology sectors where capacity for civic
engineering, construction of residential, commercial, heavy civil, industrial
and environmental structures is most essential. Infrastructure includes
power, water and waste, transportation, telecommunications and social
assets.

7% of the world’s working-age population is employed in construction 122
and the sector contributes 13% of global GDP. 13¢

Skills represented in WorldSkills competitions include Bricklaying, Building
Information Modelling, Cabinetmaking, Carpentry, Concrete Construction
Work, Electrical Installations, Joinery, Landscape Gardening, Painting and
Decorating, Plastering and Drywall Systems, Plumbing and Heating,
Refrigeration and Air Conditioning, Wall and Floor Tiling.

The clearest scenario emerging for the sector is the transition to life-
centred, regenerative & circular busines