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EXECUTIVE SUMMARY
This study looks at the state of artificial intelligence
(AI) at the global and the EU levels. It does so by
first giving an overview of AI history and examining
the current and near future applications, trends
and direction of the technology. Two case studies
discuss AI and its role and potential in automotive
and education sectors. The paper then focuses on
the EU by first assessing the current situation. It finds
that the bloc is falling behind other major economies
when it comes to AI innovation, deployment and
funding. The study also dissects the EU’s approach to
AI, finding that the regulatory aspirations play a more
important role than the creation of incentives and
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funding of the technology. The newly announced AI
legislation does not do enough to promote innovation
and private investment, and the EU’s increased
tendencies towards achieving “strategic autonomy”
at the expense of international cooperation could
further dent the bloc’s aspiration of being at the
forefront of the AI revolution. The study’s final chapter
offers policy recommendations which, among others,
include the need for more public investment in AI at
the EU level, further promotion of higher AI education
as well as adequate measures to foster AI uptake by
small- and medium-sized enterprises and help the
bloc’s startups scale up.
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INTRODUCTION
Artificial intelligence (AI) is one of the current
leading technologies with broad applications that
is already impacting many aspects of our lives and
has the potential to reshape entire industries. AI
could significantly increase economic growth and
productivity, thus also improve the quality of life for
entire societies.
At the same time AI is arguably one of the least
understood technologies with both its capabilities
and risks often overplayed and its limitations not fully
identified. Still, given the societal challenges, including
ageing populations, and in order to stay competitive
the European Union (EU) in particular needs to
embrace automation which, in turn, is primarily driven
by advances of AI and its increased applications.
The aim of this study is twofold. First, it aims to
promote understanding AI in a more comprehensive
manner given that the prevailing narratives on the
technology tend to exaggerate the overall progress
made in the field and the potential of the current
applications. Second, the paper discusses the state of
AI in the EU. While being one of the most advanced
and biggest economies in the world, the bloc is falling
behind in the AI race.
Chapter 1 briefly looks at the history of AI, going
back to its beginning and following through the
breakthroughs and setbacks that followed. Then the
chapter looks at AI use today, thus implicitly arguing
that whereas AI is usually associated with future and
its potential, it is already deployed in various ways,
mostly subtly. To promote the understanding of AI
further, the focus moves to explaining the difference
between humanlike AI and the one (narrow AI)
which is at the heart of all the breakthroughs we see
today. The latter is inherently limited in its ability, as
illustrated by the examples. The chapter finishes by
discussing the potential and use of AI going forward,
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drawing also on the studies which estimate the
economic potential of the technology.
A case study on the AI’s role for the automotive
industry not only shows how the technology has aided
the progress towards autonomous vehicles (AVs), but
illustrates that its potential is limited, as witnessed
by recent setbacks. The main argument, however, is
that AI is responsible for a paradigm shift in the car
industry where every manufacturer is pursuing AV and
electric car development.

Chapter 3 discusses the EU’s approach to AI which
was first devised a couple of years ago. As the
actions on the investment and innovation side
are already discussed in the previous chapter, the
focus shifts to recent AI legislation adopted by the
European Commission. The study points out that
in order to promote AI leadership in the continent,
legislative action would need to be accompanied
by sufficient funding, and the study discusses
some aspects of the AI Act. By going the more
strictly regulatory route, the EU risks undermining
private investment allocation and innovation of AI
within the bloc. This chapter also brings attention
to the European Commission’s talk about strategic
autonomy which in actual actions taken translates
into increasingly isolationist measures which will

not help address the underlying problem of the EU’s
lack of competitiveness, but may instead exacerbate
it further.
The final chapter of the study offers policy
recommendations. It is argued that besides the
need to increase the overall public funding levels
to AI at the EU level, the bloc must also promote AI
studies, foster AI uptake by small- and medium-sized
enterprises (SMEs), help startups to scale up and
ensure that AI scholars have adequate opportunities
and incentives to remain in the bloc. Furthermore, the
study offers additional ways to promote trust in AI
and succinctly makes the case for the need to improve
social safety nets to better manage transition to an
AI-enabled future.

The second case study examines AI within the context
of education, arguing that education systems are in
need of overhaul, as the Covid-19 pandemic shows.
The case study also discusses the already existing AIpowered educational technology (Edtech) solutions
that can help in improving many aspects of tutoring,
from increased access to students with disabilities
to more time left for teachers to teach, thanks to
automation solutions that take care of the more
mundane tasks.
Chapter 2 discusses the state of AI by looking at
how the EU is doing in many quantitative measures,
and compares that to the situation in other major
economies, notably the United States and the United
Kingdom. The study finds that the EU is lagging
behind its competitors in most measures, but the
most striking is the lack of both public and private
funding to AI. Within this context, the chapter
also discusses the actions taken and the proposals
announced by the EU to address the situation, but
finds them inadequate. The EU’s commitment to EUR
1 billion spending per year on AI will further increase
the relevant gap when compared to other major
economies. Yet not everything is about money. For
instance, the lack of bachelor degree study as well as
research opportunities across the EU are reducing the
bloc’s prospects of being a leading force in AI.
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1

UNDERSTANDING AI
1.1 A very brief history of AI
Although definitions vary, for the purposes of this
study, AI is understood as a simulation of human
intelligence by machines — computers, robots or
others — with little or no human involvement.
While AI has become a true buzzword throughout the
past decade, its origins go back over half a century.
Already in 1950 British computer scientist Alan Turing
in his paper “Computing Machinery and Intelligence”
proposes “to consider the question, ‘Can machines
think?’”1 Yet the AI field was formally founded — and
the term artificial intelligence officially coined — at
a conference at Dartmouth College in Hanover, New
Hampshire. The authors including John McCarthy
and Marvin Minsky in their 1955 proposal for the
relevant conference already list “some aspects of
the artificial intelligence problem” which include
neuron nets, self-improvement and randomness and
creativity. As regards to “automatic computers,” the
article notes that “the major obstacle is not lack of
machine capacity, but our inability to write programs
taking full advantage of what we have.”2 Despite the
technological progress and innovation, the above
themes in relation to AI have remained relevant to this
day.
Since then AI has had its ups and downs. The two
decades until 1975s have been referred to as “golden

years” of AI, characterised not only by great optimism
and interest, but also generous public funding that
was channelled to the field, notably by United States
and United Kingdom government agencies. In 1970
Minsky is quoted in LIFE magazine as saying, “In
from three to eight years we will have a machine with
general intelligence of an average human being.”3
Despite its promising beginnings, the AI field
experienced setbacks. “AI winters” followed, lasting
from 1974 to 1980 and from 1987 to 1993 as high
hopes for the technology diminished together with
the financing for the field. The time between the
two “winters” did produce modest progress and
even a commercial application of AI via expert
systems where a computer is essentially mimicking
the decision-making of a human expert. Still, the
specialised hardware industry was overpowered by
desktop computers while expert systems showed
their intelligence limitations and became too pricey
to maintain, in spite of encouraging reviews at the
beginning.4
While optimism returned by the mid-1990s, especially
with IBM’s Deep Blue computer beating world
champion Garry Kasparov at chess in 1997,5 it was not
until the noughties that serious commercial uses of AI
started appearing such as Amazon in 2012 introducing

1 Turing, A. M. (1950) Computing, Machinery and Intelligence, Mind: A Quarterly Review of Psychology and Philosophy, Vol. no. 236, October 1950.
Available at: https://bit.ly/3s5N64L
2 McCarthy, J. (1955) A Proposal for the Dartmouth Summer Research Project on Artificial Intelligence, August 31, Stanford University. Available at: http://
jmc.stanford.edu/articles/dartmouth/dartmouth.pdf
3 Darrach, B (1970) Meet Shaky, the first electronic person: The fascinating and fearsome reality of a machine with a mind of its own, LIFE, November 20.
Available at: https://bit.ly/3d2afRd
4 Leonard-Barton, D. And J. Sviokla (1988) Putting Expert Systems to Work, Harvard Business Review, March 1988. Available at: https://hbr.org/1988/03/
putting-expert-systems-to-work
5 See, for instance, Harding, L. and L. Barden (2011) From the archive, 12 May 1997: Deep Blue win a giant step for computerkind, The Guardian, May 12.
Available at: https://www.theguardian.com/theguardian/2011/may/12/deep-blue-beats-kasparov-1997
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automated systems to provide personalised
recommendations.6
Thanks to growing computing power and improved
connectedness, which facilitate troves of data to
be gathered and effectively used, there are new
opportunities for AI which is now once again entering
its golden age. The increase in study and research
of AI, the elevated interest from governments,
large investments by the private sector (as will
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be witnessed later in the study), and the number
of patents granted in relation to AI show that the
optimism about AI technology has risen and continues
to rise. Similarly, the fears about the future of work
due to possible mass unemployment caused by AI
coupled with fears about the AI systems’ possible
evolvement and direction, including the surrounding
ethical aspects, have sparked conversations in
societies and have resulted in actions from the
policymakers.

1.2 Examples of AI applications today
Regardless of the future direction of AI, it is already
here, being mostly applied in subtle ways many
people are not even aware of. Three out of four
Europeans use a smartphone.7 Whether watching
a YouTube video, using a navigation app to reach
a destination or translating a phrase to a different
language, behind the scenes, AI is deployed. Facial
recognition, made possible by AI, is used to unlock
phones, while voice-controlled virtual assistants such
as Apple’s Siri use machine learning techniques,
including deep neural networks to help us initiate
phone calls, transcribe messages and launch many
other processes. Spam from emails is being filtered
out by machine learning algorithms. When using the
Google search engine, misspelled words are correctly
interpreted and passages within longer web pages are
highlighted and the right web pages ranked higher,
all thanks to the workings of algorithms.8 Music
streaming apps like Spotify and subscription videoon-demand services like Netflix use AI to offer tailored
content recommendations, while Amazon and other
e-commerce players use algorithms to predict what
we might be interested in buying next. Even when

using the phone’s search function to find a buried
email or an app, algorithms are at play, highlighting
and prioritising the content we are likely seeking.
In short, everyone who uses a smartphone which
includes the vast majority of the EU’s adult population
and over 9 out of 10 young people in the EU,9 is by
extension unwittingly using AI.
Even outside the phone or digital domain more
largely, the likelihood of people coming into contact
with AI is large, if not inevitable. Banks increasingly
deploy AI-driven models for credit scoring10 and use
machine learning to help flag fraudulent transactions.11
Biometrics and facial recognition technology are used
to check identities in airports12 and AI-powered video
surveillance cameras found in places ranging from
shopping malls to public places can analyse the traffic
flows and detect if someone has fallen, also changing
the work of the operators where they can concentrate
on the more important areas.13 Filmmaking has
used AI for post-production for some time, but
even the commissioning process is now aided by
the technology.14 And, when applying for a job,

6 See, for instance, Mangalindan, J. (2012) Amazon’s recommendation secret, Fortune, July 30. Available at: https://fortune.com/2012/07/30/amazonsrecommendation-secret/

automated resume screening or applicant tracking
systems (ATS) are so widespread in recruitment that
career development courses teach ATS as part of the
class, while the internet is full of guides on how to
get past these systems.15 There are even companies
such as Cogito that sell an AI “coaching system” for
deployment in call centres so as to augment “the
emotional intelligence of phone professionals.”16
Without listing all, other industries that already
deploy AI include in some form include aviation
and transportation more broadly, manufacturing,

healthcare, military and education. This serves to
illustrate that virtually everyone in an advanced
economy, even if seemingly living a low-tech life, is
affected by AI every day.
In comparison to the previous “golden ages” of AI,
the application of the technology is now not merely
a technical possibility with limited use, but already a
commercial reality on a wide scale. As the previous
examples vividly illustrate, AI is not only here, but is
here to stay — unlike the short-lived expert systems of
the 1980s.

1.3 Understanding the limitations of narrow AI
Despite the progress to date, it is important to note
that the above examples and the current applications
of AI more generally fall under the Artificial Narrow
Intelligence (ANI) label, also known as weak AI. ANI
systems work only on an assigned single task. They
can often be extremely good at those certain tasks,
often surpassing human capabilities such as when
Google DeepMind’s AlphaGo beat world master Lee
Se-dol at Go board game in March 2016.17 However,
as narrow AI systems pull information from a specific
dataset, their skills are not transferable — AlphaGo
could not play chess or even solitaire, let alone
create a new recipe for a meal. While, for instance,
a smartphone may be able to accomplish many
different tasks aided by AI: virtual assistants, photo
recognition tools and unlocking the phone using one’s
face are run by different ANI systems.
Even at single tasks narrow AI’s capabilities often
remain limited. Chat bots are nearly as old as AI
field itself. Already in 1966 Joseph Weizenbaum
at MIT introduced ELIZA, a bot that emulated
Rogerian psychotherapist making “natural language
conversation with computer possible.”18 While ELIZA
was a primitive bot, making conversations rather

awkward, but it showed the possibilities within the
area.
By now chat bots are applied commercially from
banking and retail to healthcare and government
agencies, in particular in a customer service agent
capacity, being able to answer the most frequent
questions asked and thus making live agents available
to deal with more complex issues. However, despite
the progress over half a century, their ability still
remains limited. While customer service and sales
bots function relatively well, with the latter, according
to one study, being four times more effective at selling
than inexperienced workers,19 their task by default is
limited.
General conversation bots are a different story. In 2016
Microsoft briefly launched Tay, a chat bot to interact
with youth on Twitter. “The more you chat with Tay
the smarter she gets,” said the company. Within a day
Tay was radicalised and became racist, with one tweet
reading “Bush did 9/11 and Hitler would have done
a better job than the monkey we have now. donald
trump is the only hope we’ve got.”20 Tay was disabled
after just 16 hours in operation. The same fate was

7 Eurostat (2021) Trust, security and privacy - smartphones (2018), February 8. Available at: https://appsso.eurostat.ec.europa.eu/nui/
submitViewTableAction.do
8 Raghavan, P (2020) How AI is powering a more helpful Google, Google, October 15. Available at: https://blog.google/products/search/search-on/
9 Eurostat (2021) Being young in Europe today - digital world, July 2020. Available at: https://ec.europa.eu/eurostat/statistics-explained/index.php/Being_
young_in_Europe_today_-_digital_world

15 See, for instance, McLean, V. (2019) Six ways to ensure your CV beats the ATS robots, CV Library, September 1. Available at: https://www.cv-library.
co.uk/career-advice/cv/six-ways-ensure-cv-beats-ats-robots/

10 See, for instance, Townson, S. (2020) Harvard Business Review, November 6. Available at: https://hbr.org/2020/11/ai-can-make-bank-loans-more-fair

16 See Cogito Corp (2021) Available at cogitocrop.com

11 See, for instance, Crosman, P. (2019) Synchrony minds HR as it develops AI, American Banker, February 11. Available at: https://www.americanbanker.
com/news/synchrony-minds-hr-as-it-develops-ai

17 BBC (2016) Artificial intelligence: Google’s AlphaGo beats Go master Lee Se-dol, March 12. Available at: https://www.bbc.com/news/
technology-35785875

12 See, for instance, Street, F. (2019) How facial recognition is taking over airports, CNN, October 8. Available at: https://edition.cnn.com/travel/article/
airports-facial-recognition/index.html

18 Weizenbaum, J. (1966) Computational Linguistics, Communications of the ACM, January 1966, Vol. 9, nr.1. Available at: https://web.stanford.edu/class/
linguist238/p36-weizenabaum.pdf

13 See, for instance, Nouri, S. (2020) How AI Is Making An Impact On The Surveillance World, Forbes, December 4. Available at: https://www.forbes.com/
sites/forbestechcouncil/2020/12/04/how-ai-is-making-an-impact-on-the-surveillance-world/?sh=78701ae8265e

19 Lou, X. et. al. (2019) Frontiers: Machines vs. Humans: The Impact of Artificial Intelligence Chatbot Disclosure on Customer Purchases, Marketing
Science, September 20. Available at: https://pubsonline.informs.org/doi/abs/10.1287/mksc.2019.1192

14 Chandler, S. (2020) Hollywood Is Using Artificial Intelligence To Pick Its Next Blockbuster, Forbes, January 10. Available at: https://www.forbes.com/sites/
simonchandler/2020/01/10/hollywood-is-using-artificial-intelligence-to-pick-its-next-blockbuster/?sh=5e09594c75a5

20 Hunt, E. (2016) Tay, Microsoft’s AI chatbot, gets a crash course in racism from Twitter, The Guardian, March 24. Available at: https://www.theguardian.
com/technology/2016/mar/24/tay-microsofts-ai-chatbot-gets-a-crash-course-in-racism-from-twitter
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suffered by Lee Luda in 2021, a popular bot emulating
a 20-year-old South Korean university student.
Despite being trained on an impressive dataset of 10
billion real-life conversations between young couples
and at first impressing users who interacted with
it, the bot soon became racist and homophobic. It
was removed by the developers from the Facebook
Messenger after just two weeks in operation.21
Similarly, when Amazon tried to automate its hiring
process in 2014 by creating a software to scan
through resumes of potential job candidates, it found
that the tool was not rating candidates in a genderneutral way. This is because it was trained to look
for patterns in resumes submitted to the company
over the previous decade — thus teaching itself that
male candidates are preferable. It even penalised
resumes that included words “women’s” such as
“women’s chess club captain” as well as candidates
from all-women’s colleges. Amazon later tweaked
the algorithm, but “that was no guarantee that the
machines would not devise other ways of sorting
candidates that could prove discriminatory.”22 There
were also other issues. For instance, the software also
recommended unqualified candidates for all jobs and
often seemed to work at random. The company later

PEIC - Politikas un ekonomikas izpētes centrs

completely disbanded the team responsible for the
project.

are meaningful, the people outside assume there is a
Chinese speaker inside the room.

ANI lacks the cognitive capabilities of a human and
hence its abilities should not be overrated and must
be understood. As Melanie Mitchell, Professor of
Computer Science at Portland State University, puts
it succinctly, “Anyone who works with AI systems
knows that behind the facade of humanlike visual
abilities, linguistic fluency and game-playing prowess,
these programs do not — in any humanlike way —
understand the inputs they process or the outputs
they produce. The lack of such understanding renders
these programs susceptible to unexpected errors and
undetectable attacks.”23

The CRA thus implicitly addresses a misconception
that equates output by narrow AI with capabilities
of a mind — a fallacy still prevalent today. With
constant news bombardment about AI that is
matching or even surpassing human capabilities in
various fields, one can falsely believe that general
AI is already here. Even respectable media are not
immune from the hype. To illustrate, in 2013 The
New York Times ran an article which stated that “in
the coming years” AI systems “will perform some
functions that humans do with ease: see, speak,
listen, navigate, manipulate and control.”25 Worse
still, with sensational headlines about “robot citizens”
that want to “destroy humans,”26 it is no surprise that
a large share of people in some countries are fearful
about AI.27

Rodney Brooks, former director of the Computer
Science and Artificial Intelligence Laboratory at MIT
and founder of iRobot concurs, noting the AI’s lack
of situational awareness: “Computers that can label
images like ‘people playing Frisbee in a park’ ... can
only label more images and cannot answer questions
at all, they have no idea what a person is, that parks
are usually outside, that people have ages, that
weather is anything more than how it makes a photo
look, etc.”24

1.4 Towards artificial general intelligence (AGI)
As discussed above, narrow AI is often good at
the assigned task, but cannot do two at a time.
Narrow AI relies on human input for training
data and for defining the parameters. Most
importantly, narrow AI is to date the only form of
AI that is achieved.
Artificial General Intelligence (AGI) or general AI
is a theoretical form of artificial intelligence with a
common-sense reasoning, being able to perform a
number of tasks or functions and, more broadly, is
understood as a type of AI which is comparable to a
human mind not only in its intellectual capacity, but
also in the way it learns.

Strong AI, while mostly used synonymously to AGI,
refers in academic circles to machines that have
self-awareness and consciousness. The term derives
from the American philosopher John Searle’s Chinese
Room Argument (CRA), a thought experiment laid out
in his 1980 paper. To summarise CRA concisely, Searle
imagines a scenario where an English speaker with no
understanding of Chinese is in a room with books with
Chinese language rules and phrases. People outside
the room slip in messages, written in Chinese. The
person inside responds in writing using the relevant
books, finding in them not only the symbols that are
exactly like the ones written on slipped-in papers, but
also finding the appropriate replies. As those replies

Similarly, wild predictions about the automation of
the labour market lead to people believing the arrival
of job-stealing robots is imminent. According to one
study, two-thirds of Americans accept that within 50
years robots and computers will do most of the work
currently performed by humans.28
In reality, the world is still far away from general
AI. As to how far exactly, the views vary. Brooks
believes that it is well over hundred years away:
“No matter how much we improve on our basic
architecture of our current AI over the next 100
years, we are just not going to get there. ... We don’t
yet know how to build human level intelligence.”29
Futurist Martin Ford interviewed 23 prominent
professionals currently working in the AI field,

asking for a year when there will be at least a 50
percent chance for strong AI being built. The most
optimistic answer came from Ray Kurzveil from
Google who predicted 2029 as the year. Yet, the
average estimate was 2099, nearly 100 years from
now.30
In fact, with the exception of Elon Musk, the CEO of
Tesla and SpaceX, most tech people and academics
alike are of the view that AGI is at least decades
away, if ever accomplished at all. Moreover, the
oft-quoted Musk’s interview is misrepresented as he
merely notes that “we’re headed toward a situation
where AI is vastly smarter than humans and I think
that time frame is less than five years from now.”31
The statement does not necessarily imply general
AI’s imminent arrival.
There is an agreement within certain ranks of the
scientific community and beyond, however, that
the debates about closeness to reaching general
AI, coupled with scaremongering, are futile. As
Julian Togelius, associate professor at New York
University put it in a tweet, “Belief in AGI is like
belief in magic. It is a way of abandoning rational
through and expressing hope/fear for something
that cannot be understood.”32 Even worse, debates
around general AI not only undermine the field
by limiting the technology’s adoption due to
regulation and invoking the ethical aspects. The
threat is also that unrealistic expectations of AI
result in another “winter” where developments
stall due to a financing squeeze and the research
shifting way.33 As Jerome Pesenti, head of AI at
Facebook notes within the context, “We need to
manage the buzz.”34

25 Markoff, J. (2013) Brainlike Computers, Learning From Experience, The New York Times, December 28. Available at: https://www.nytimes.
com/2013/12/29/science/brainlike-computers-learning-from-experience.html
26 See, for instance, Weller, C. (2017) Meet the first-ever robot citizen — a humanoid named Sophia that once said it would ‘destroy humans’, Insider,
October 27. Available at: https://www.businessinsider.com/meet-the-first-robot-citizen-sophia-animatronic-humanoid-2017-10?r=US&IR=T
27 Press, G. (2019) Artificial Intelligence (AI) Stats News: 50% Of Americans Optimistic And 50% Fearful About AI, Forbes, August 4. Available at: https://
www.forbes.com/sites/gilpress/2019/08/04/artificial-intelligence-ai-stats-news-50-of-americans-optimistic-and-50-fearful-about-ai/?sh=59de283b26fa
28 Smith, A. (2016) Public Predictions for the Future of Workforce Automation, Pew Research, March 10. Available at: https://www.pewresearch.org/
internet/2016/03/10/public-predictions-for-the-future-of-workforce-automation/
29 Brooks, R. (2020) An Analogy For The State Of AI, Rodneybrooks.com, December 16. Available at: rodneybrooks.com/an-analogy-for-the-state-of-ai/

21 See, for instance, Kwon, J. and H. Yum (2021) AI Chatbot Shut Down After Learning to Talk Like a Racist Asshole, Vice, January 12. Available at: https://
www.vice.com/en/article/akd4g5/ai-chatbot-shut-down-after-learning-to-talk-like-a-racist-asshole
22 Dastin, J. (2018) Amazon scraps secret AI recruiting tool that showed bias against women. Reuters, December 10. Available at: https://www.reuters.com/
article/us-amazon-com-jobs-automation-insight/amazon-scraps-secret-ai-recruiting-tool-that-showed-bias-against-women-idUSKCN1MK08G

30 Vincent, J. (2018) This is when AI’s top researchers think artificial general intelligence will be achieved, The Verge, November 27. Available at: https://
www.theverge.com/2018/11/27/18114362/ai-artificial-general-intelligence-when-achieved-martin-ford-book
31 Dowd, M. (2020) Elon Musk, Blasting Off in Domestic Bliss, The New York Times, July 25. Available at: https://www.nytimes.com/2020/07/25/style/elonmusk-maureen-dowd.html?login=email&auth=login-email
32 Togelius, J. (2020), July 22. Available at: https://twitter.com/togelius/status/1285987002534580224

23 Mitchell, M. (2018) Artificial Intelligence Hits the Barrier of Meaning. The New York Times, November 5. Available at: https://www.nytimes.
com/2018/11/05/opinion/artificial-intelligence-machine-learning.html

33 See, for instance, Marcus, G. (2013) Hyping Artificial Intelligence, Yet Again, New Yorker, December 31. Available at: https://www.newyorker.com/tech/
annals-of-technology/hyping-artificial-intelligence-yet-again

24 Brooks. R. (2017) The Seven Deadly Sins of AI Predictions. MIT Technology Review, October 6. Available at: The Seven Deadly Sins of AI Predictions
[Accessed 13 December 2018]

34 Heaven, W. D. (2020) Artificial general intelligence: Are we close, and does it even make sense to try?, MIT Technology Review, October 15. Available
at: https://www.technologyreview.com/2020/10/15/1010461/artificial-general-intelligence-robots-ai-agi-deepmind-google-openai/
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1.5 The potential and use of AI going forward

decade ago Apple spent only around USD 200 million
to purchase Siri, its voice assistant.44

AGI may or may not arrive, but the relevance of
narrow AI continues to grow. Indeed, the real
breakthrough of AI is currently its increased
application in various industries and sectors as well
as the increased investment into improving the
current systems. With computing power continuing
to increase, coupled with more and better data, the
possibilities for AI uptake are far from exhausted.

The attention increasingly focuses on sectors where
AI applications are most promising. For example,
investment throughout 2020 in drug design and
discovery reached USD 13.8 billion in the United
States alone which is 4.5 times higher than in 2019.45
According to a survey by McKinsey, 44 percent of

An important aspect is AI’s potential contribution
to the global economy. While the estimates vary,
the relevant addition to the world’s GDP is not
insignificant. According to calculations by PwC, AI
could add as much as USD 15.7 trillion to the global
economy by the end of the decade. Over half of
the contribution would be from increased labour
productivity.35 McKinsey comes to a similar number,
arguing that AI would add around USD 13 trillion to
global economic activity by 2030.36 Some sectors in
particular are seen to benefit enormously, such as
banking where AI could deliver as much USD 1 trillion
of additional value each year.37
On a country level, other estimates are equally
optimistic, provided the opportunities by AI are
embraced. According to Accenture, the annualised
economic growth for the United States and the United
Kingdom could be increased by 2 and 1.4 percentage
points respectively, while Japan could even triple
its GDP growth by 2035. While the same research
finds that the European countries analysed will not
gain nearly as much, the benefits are still noticeable.
Thanks to AI adoption, Germany’s and Austria’s GDPs

could grow by an additional 1.6 percent annually, while
those of France and Belgium by 1.2 and 1.1 percent
respectively.38
Looking at the recent trends, investment in AI has
been confidently increasing. By one calculation,
equity investment in privately held AI companies rose
globally from below USD 15 billion in 2015 to around
USD 40 billion in 2019.39 For the rest of the world, the
picture is similar, albeit for some regions, such as the
EU, the absolute sums are vastly lagging behind.

the companies in healthcare and 42 percent of those
surveyed in automotive industry increased their
investment in AI amid the Covid-19 crisis.46 Meanwhile
in manufacturing the optimism about AI remains
high, with a study by Deloitte finding that eight in
ten companies (83 percent) state that AI has or will
make a positive impact and investment in relevant
technology in order to optimise production, costs,
quality control and inventory is expected to rise.47

Average predicted GDP growth through 2034: Baseline vs. AI steady state

The theoretical research into AI is bearing results. The
paper-to-invention ratio, an indication of the shift
from AI research to commercial application — has
come down exponentially in a short time, from 8:1 in
2010 to 3:1 six years later.40
The most promising AI startups are starting to reap
the benefits as attested by the case of C3 AI, a
company focused on enterprise-scale AI applications,
which saw its value soar by 140 percent in its first day
of trading on the New York Stock Exchange in late
2020.41
As the field matures and the potential for commercial
applications increases, the annual numbers for
mergers and acquisitions — as well as the transaction
values — largely driven by United States tech
companies including Apple and Alphabet continue
to rise.42 To illustrate the sums involved, Microsoft
in early April 2021 acquired the speech recognition
company Nuance for USD 16 billion.43 In comparison, a

35 PwC (2017) Sizing the prize: What’s the real value of AI for your business and how can you capitalise? Available at: https://www.pwc.com/gx/en/issues/
analytics/assets/pwc-ai-analysis-sizing-the-prize-report.pdf
36 Bughin, J. et. al. (2018) Notes from the AI frontier: Modeling the impact of AI on the world economy, McKinsey, September 4. Available at: https://www.
mckinsey.com/featured-insights/artificial-intelligence/notes-from-the-ai-frontier-modeling-the-impact-of-ai-on-the-world-economy#part1
37 Biswas, S. et. al. (2020) AI-bank of the future: Can banks meet the AI challenge?, McKinsey, September 19. Available at: https://www.mckinsey.com/
industries/financial-services/our-insights/ai-bank-of-the-future-can-banks-meet-the-ai-challenge
38 Azhar, A. (2018) Realising the Economic and Societal Potential of Responsible AI in Europe, Accenture. Available at: https://www.accenture.com/_
acnmedia/PDF-74/Accenture-Realising-Economic-Societal-Potential-Responsible-Ai-Europe.pdf
39 Arnold, Z. (2020) What investment trends reveal about the global AI landscape, Brookings, September 29. Available at: https://www.brookings.edu/
techstream/what-investment-trends-reveal-about-the-global-ai-landscape/
40 WIPO (2019) WIPO Technology Trends 2019: Artificial Intelligence. Available at: https://www.wipo.int/edocs/pubdocs/en/wipo_pub_1055.pdf
41 Konrad, A. (2020) Billionaire Tom Siebel Does It Again: Shares Of C3.ai Soar 140% In First-Day Trading At IPO, Forbes, December 9. Available
at: https://www.forbes.com/sites/alexkonrad/2020/12/09/billionaire-tom-siebel-does-it-again-shares-of-c3ai-soar-140-in-first-day-trading-atipo/?sh=6501f1ac2247

44 Shonfeld, E. (2010) Silicon Valley Buzz: Apple Paid More Than $200 Million For Siri To Get Into Mobile Search, TechCrunch, April 29. Available at:
https://techcrunch.com/2010/04/28/apple-siri-200-million/
45 Zhang, D. et al (2021) Artificial Intelligence Index Report 2021, Stanford University, March 2021. Available at: https://aiindex.stanford.edu/wp-content/
uploads/2021/03/2021-AI-Index-Report_Master.pdf

42 CB Insights (2019) The Race For AI: Here Are The Tech Giants Rushing To Snap Up Artificial Intelligence Startups, September 17. Available at: https://
www.cbinsights.com/research/top-acquirers-ai-startups-ma-timeline/

46 McKinsey (2020) The state of AI in 2020, November 17. Available at: https://www.mckinsey.com/business-functions/mckinsey-analytics/our-insights/
global-survey-the-state-of-ai-in-2020

43 Fontanella-Khan, J. et. al. (2021) Microsoft buys Nuance in deal giving voice tech pioneer $16bn equity value, Financial Times, April 11. Available at:
https://www.ft.com/content/a36dd469-e521-4ce7-9351-ddc8f6b5cb42

47 Deloitte (2020) AI Enablement on the Way to Smart Manufacturing: Deloitte Survey on AI Adoption in Manufacturing. Available at: https://www2.deloitte.
com/content/dam/Deloitte/cn/Documents/cip/deloitte-cn-cip-ai-manufacturing-application-survey-en-200116.pdf
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CASE STUDY #1

A PARADIGM SHIFT IN THE
AUTOMOBILE INDUSTRY
The automobile industry is one of the prime examples
where AI has had and continues to have a large
impact. While much attention within the context is
usually devoted to the future of AVs and, especially
within the EU,48 the related liability questions, AI is
already at the heart of a modern-day car.
Albeit much less visible, there is a multitude
of in-vehicle AI-powered systems deployed in
contemporary automobiles. ADAS (advanced driverassistance systems), more commonly known as
driver-aids, include traffic sign recognition, lane
departure assistant and blind spot monitoring. A
modern iteration of adaptive cruise control can not
only follow the car in front — a function originally
running without AI — but also keep a distance from
a cyclist in an urban environment. Meanwhile an
auto emergency braking aid can warn a driver of a
pedestrian crossing the street while preconditioning
the brakes and, as a last resort, initiate an emergency
stop. Based on a driver’s inputs or even by scanning
a face, drowsiness detection systems are helping to
prevent dangerous traffic situations where drivers fall
asleep behind the wheel.49 Furthermore, virtual voice
assistants embedded in cars’ infotainment systems

can help the driver to adjust the temperature in a car,
make a call or find a destination, thus making driving
less distracting and safer.
AI in cars is also used in more subtle ways. For
example, the servicing intervals in modern cars are
dynamic, meaning, they can arrive earlier or later
depending on the driving style, driving conditions
and a number of other on-board and off-board
data.50 Whereas this may not be a headline
grabbing AI application where machine learning is
calculating how soon before the next servicing, it is
improving customer satisfaction and extending cars’
longevity. What is more, predictive maintenance is
reducing costs for companies with large fleets as
vehicle downtime is reduced. Indeed, the market
for anticipating repairs before vehicles break down
and predicting maintenance at the correct time is
predicted to grow substantially,51 and the business
potential is so promising that there is an increasing
number of companies offering relevant solutions.52
In addition to the above, AI in the automobile industry
is deployed in various other ways, including in-vehicle
manufacturing and even design processes.53 Within

48 See, for instance, Evas, T. (2018) A common EU approach to liability rules and insurance for connected and autonomous vehicle: European
Added Value Assessment, February 2018, European Parliamentary Research Service. Available at: https://www.europarl.europa.eu/RegData/etudes/
STUD/2018/615635/EPRS_STU(2018)615635_EN.pdf
49 See, for instance, TVG (2021) Advanced Driver Assistance Systems (AI ADAS). Available at: https://www.thevehiclegroup.com/fleet-ai/ai-adas/
50 See, for instance, Prytz, R. (2014) Machine learning methods for vehicle predictive maintenance using off-board and on-board data, Halmstad
University. Available at: https://www.diva-portal.org/smash/get/diva2:789498/FULLTEXT01.pdf
51 Business Wire (2020) $6.3 Billion Vehicle Analytics Market - Global Growth, Trends and Forecasts 2020-2025 - ResearchAndMarkets.com, November
17. Available at: https://www.businesswire.com/news/home/20201117006051/en/6.3-Billion-Vehicle-Analytics-Market---Global-Growth-Trends-andForecasts-2020-2025---ResearchAndMarkets.com
52 See, for instance, Intrado (2019) Global Autotech Predictive Maintenance Startup CARFIT Completes New Seed Funding Round With CIC Capital
Ventures and PlugandPlay, October 16. Available at: https://www.globenewswire.com/news-release/2019/10/16/1930645/0/en/Global-Autotech-PredictiveMaintenance-Startup-CARFIT-Completes-New-Seed-Funding-Round-With-CIC-Capital-Ventures-and-PlugandPlay.html
53 See, for instance, BMW (2018) Computer-Assisted Art - the Fascination of AI Design, December 17. Available at: https://www.bmw.com/en/design/aidesign-and-digital-art.html
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the context of electric cars, AI helps with development
of batteries that recharge faster and are safer.54
Without doubt, the biggest and most talked about
innovation in the automobile industry is the selfdriving capability. For years, various companies have
been developing the relevant technology. Among
the players, Waymo, a subsidiary of Alphabet, is seen
as one of the leaders in AV technology. Working on
driverless technology for almost a decade and having
spent billions of dollars on development,55 Waymo
One became the first commercial project, launched
in late 2018, with the company offering a fully
autonomous ride-hailing service in Phoenix, Arizona.
The American car manufacturer Tesla, led by tech
titan Elon Musk, has also made gradual progress
over the years in the self-driving technology front.
While the company has been misleadingly labelling
its driver-assistance systems as “full self-driving”
capability for years,56 Tesla is getting closer to the aim.
In late October 2020 the company started rolling out
a beta version of a driving aid software that includes
features such as an auto steering function on city
streets, where the car is able to steer towards highway
interchanges and exits as well as stop at stop signs
and traffic lights.57
It must be acknowledged that despite the
achievements in the autonomous driving field, AI
is not delivering the progress many had hoped for.
Already in late 2015 Musk said that Tesla is just two
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years away from launching a self-driving car, adding
“I think we have all the pieces... It’s a much easier
problem than people think it is.”58 Then in 2019 Musk
claimed, again, that “I think we [Tesla] will be ‘featurecomplete’ on full self-driving this year, meaning the
car will be able to find you in a parking lot, pick you
up, take you all the way to your destination without
an intervention this year. ... That is not a question
mark.”59 In the same year he also promised that
in 2020 an on-demand robot taxi fleet would be
launched.60 Similarly, John Zimmer, president of the
ride-sharing group Lyft, predicted in 2016 that “within
five years a fully autonomous fleet of cars will provide
the majority of Lyft rides across the country [United
States].”61
Two years later, not only has Tesla not delivered on its
promises, but it is much more subtle in its tone. GM’s
subsidiary Cruise has also missed its 2019 deadline
for the launch of robo-taxis.62 Meanwhile Uber, the
ride-hailing company which also had big plans for
self-driving taxis, in late 2020 decided to cancel the
project altogether, selling it to a startup.63 Indeed,
the talk about fully autonomous vehicles is becoming
much more cautious.
Waymo’s CEO at the time, John Krafcik, in 2018
said bluntly that he does not envision when fully
autonomous vehicles will become a reality and that
AVs will require human assistance in the foreseeable
future.64 And most recently Krafcik said that the
rollout of self-driving cars is “a bigger challenge than

54 Oliver, S. (2020) Electric-Car Batteries Get a Boost From Artificial Intelligence, The Wall Street Journal, November 3. Available at: https://www.wsj.com/
articles/electric-car-batteries-get-a-boost-from-artificial-intelligence-11604422792
55 Harris, M. (2017) Google Has Spent Over $1.1 Billion on Self-Driving Tech. IEEE Spectrum, September 15. Available at: https://spectrum.ieee.org/carsthat-think/transportation/self-driving/google-has-spent-over-11-billion-on-selfdriving-tech
56 O’Kane, S. (2018) Tesla stopped promoting the ‘Full Self-Driving’ option for its cars. The Verge, October 20. Available at: https://www.theverge.
com/2018/10/20/18000884/tesla-full-self-driving-option-gone-musk-autopilot ; Szymkowski, S. (2021) Tesla’s Full Self-Driving Beta rolls out to more drivers
as Musk reports high demand, March 8, Cnet. Available at: https://www.cnet.com/roadshow/news/tesla-full-self-driving-elon-musk-demand/
57 Hawkins, A. J. (2020) Tesla’s ‘Full Self-Driving’ software is starting to roll out to select customers, The Verge, October 21. Available at: https://www.
theverge.com/2020/10/21/21527577/tesla-full-self-driving-autopilot-beta-software-update ; Tesla (2021) Autopilot and Full Self-Driving Capability. Available
at: https://www.tesla.com/support/autopilot
58 Korosec, K. (2015) Elon Musk Says Tesla Vehicles Will Drive Themselves in Two Years, Fortune, December 21. Available at: https://fortune.
com/2015/12/21/elon-musk-interview/
59 Marshall, A. (2019) Elon Musk Promises a Really Truly Self-Driving Tesla in 2020, Wired, February 19. Available at: https://www.wired.com/story/elonmusk-tesla-full-self-driving-2019-2020-promise/
60 Higgins, T. (2019) Tesla’s Elon Musk Promises Robot Taxis by Next Year, The Wall Street Journal, April 22. Available at: https://www.wsj.com/articles/
teslas-elon-musk-promises-robot-taxis-by-next-year-11555974437
61 Zimmer, J. (2016) The Third Transportation Revolution, Medium, September 18. Available at: https://medium.com/@johnzimmer/the-third-transportationrevolution-27860f05fa91#.hbzb5mdg0

launching a rocket and putting it in orbit around the
Earth…because it has to be done safely over and over
and over again.”65 Even Tesla by 2020 considered the
possibility that the driverless cars may never arrive,
as per their April filing to the United States Securities
and Exchange Commission: “There is no guarantee
that any incremental changes in the specific
equipment we deploy in our vehicles over time will
not result in initial functional disparities from prior
iterations or will perform as expected in the timeframe
we anticipate, or at all.””66
The challenge of making self-driving technology
fully functional is well summarised by then Argo AI’s
Head of Technology Alexandre Haag who notes that
achieving “90 percent is fairly easy. Getting to 95
percent starts to get interesting. And then you still need
to go way beyond that. Nine point nine nine nine nine...
Adding each nine is ten times harder. When you’re at
95 percent, you’ve just scratched the surface.”67 With
the delays, some companies are slightly changing
direction. The original brief was to enable AVs to drive
anywhere, despite the circumstances. Now, including
Waymo,68 one can witness that the self-driving capacity
is achieved only in a certain territory with which the AV
systems are familiar.
Whereas AVs have not arrived yet and are essentially
behind schedule, this should not be seen as a
vindication for those that have been sceptical
about them. On the contrary, despite the setbacks,
investment and research into self-driving technology
continues, thus proving the importance of it. When
assessing the potential of AI in the car industry, it is
far from maximised. According to one estimate, the AI
market in automotive systems will increase more than
fivefold in five years, reaching $27 billion by 2025.69

The real story about AVs is not about when they
will arrive or how many setbacks and delays there
have been. The AI-powered progress towards AVs
— and, in the process, the continuous improvements
to ADAS and conditional self-driving — is radically
changing the auto industry. At the moment there
are no big car companies that are not pursuing
the self-driving technology, let alone any that have
dismissed it outright. Although rarely are carmakers
going the route of Tesla by developing the self-driving
technology alone and in-house, most others including
Ford, Volkswagen, Mercedes and General Motors have
entered “strategic partnerships” with AV startups.70
Most recently, Volvo has teamed up with China’s DiDi
Chuxing‘s self-driving division,71 while Toyota spent
over half a billion dollars to acquire the autonomous
driving unit of Lyft.72
Indeed, the race towards AVs, coupled with the arrival
of electric vehicles and connected cars, has resulted
in a paradigm shift within the automobile industry.
Previously cars used to be mainly compared and
advertised based on their technical specs (maximum
speed, acceleration to 100 km/h), their driving
dynamics and their levels of comfort and luxury.
These characteristics have become secondary at most
as the only real important selling points nowadays
are whether a car is electric, connected (i.e. car’s
infotainment running on a good operating system and
having over-the-air software updates, etc.) and selfdriving.
ADAS and limited self-driving capabilities as well
as other AI-powered innovations (and often the AI
itself) are the most highlighted features of new car
models. The recent announcement of an all-new and
first electric luxury sedan from Mercedes, the EQS,

65 McGee, P. (2021) Rolling out driverless cars is ‘extraordinary grind’, says Waymo boss, Financial Times, January 4. Available at: https://www.ft.com/
content/6b1b11ea-b50b-4dd5-802d-475c9731e89a
66 Lin, C. (2021) Tesla admits it may never achieve full-self-driving cars, The Fast Company, April 28. Available at: https://www.fastcompany.com/90630440/
tesla-admits-it-may-never-achieve-full-self-driving-cars
67 Hawkins, A. J. (2018) Audi pulls the curtain back on its self-driving car program. The Verge, December 18. Available at: https://www.theverge.
com/2018/12/18/18144506/audi-self-driving-car-volkswagen-luminar-lidar
68 Waymo’s self-driving taxis have only been launched in the East Valley of Phoenix, Arizona. See: Waymo (2021) Now taking riders in Metro Phoenix.
Available at: https://waymo.com/waymo-one/
69 Intellias (2020) Adoption of AI in the Automotive Industry: Is It Worth the Effort?, February 24. Available at: https://www.intellias.com/adoption-of-ai-in-theautomotive-industry-is-it-worth-the-effort/

62 Hawkins, A. J. (2020) Exclusive look at Cruise’s first driverless car without a steering wheel or pedals, The Verge, January 21. Available at: https://www.
theverge.com/2020/1/21/21075977/cruise-driverless-car-gm-no-steering-wheel-pedals-ev-exclusive-first-look

70 Walz, E. (2021) Toyota Enters into a Strategic Partnership with Silicon Valley Startup Aurora on Autonomous Driving Technology, FutureCar, February
10. Available at: https://www.futurecar.com/4411/Toyota-Enters-into-a-Strategic-Partnership-with-Silicon-Valley-Startup-Aurora-on-Autonomous-DrivingTechnology ; Hawkins, A. J. (2020) Mercedes-Benz and Nvidia team up to develop next-generation supercomputers for cars, The Verge, June 23. Available
at: https://www.theverge.com/2020/6/23/21300614/mercedes-benz-nvidia-computer-orin-self-driving-adas-ota

63 McGee, P. and D. Lee (2020) Uber abandons effort to develop own self-driving vehicle, Financial Times, December 7. Available at: https://www.ft.com/
content/e55ce767-0ede-4096-aa3b-1d26671f3772

71 Traugott, J. (2021) Volvo’s Latest Initiative Will Put BMW On Notice, CarBuzz, April 22. Available at: https://carbuzz.com/news/volvos-latest-initiative-willput-bmw-on-notice

64 Gurman, M. (2018) Waymo CEO Says Self-Driving Cars Won’t Be Ubiquitious for Decades. Bloomberg, November 13. Available at: https://www.
bloomberg.com/news/articles/2018-11-13/waymo-ceo-says-self-driving-cars-won-t-be-ubiqitious-for-decades [Accessed 25 March 2019]

72 McGee, P. and K. Inagaki (2021) Toyota buys Lyft’s self-driving unit for $550m, Financial Times, April 27. Available at: https://www.ft.com/content/
c0c15356-403c-4379-83f6-f31cb2a1392e?segmentId=b0d7e653-3467-12ab-c0f0-77e4424cdb4c
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proves the point. While supposed to be the ultimate
luxury on wheels — the electric version of the S class
— there is little mention of that. Instead, the carmaker
stresses that it is an “intelligent vehicle with up to
350 sensors” and has control units “controlled by
algorithms,” while, more generally, the car “is highly
capable of learning thanks to artificial intelligence
(AI)”73 and “will be able to drive in conditionally
automated mode.”74
Some countries are actively promoting policies that
accelerate the path towards AVs. For instance, China’s
policy roadmap aims to have one in two new cars
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sold in the country to be equipped with the necessary
hardware for self-driving by 2025.75
In conclusion, it is beyond doubt that not only is AI
improving cars, but has also changed the industry
with no avenue for return. Although self-driving cars
may not come as soon as hoped for, the industry
players that do not embrace the paradigm shift will be
rendered insignificant. Musk has said that “a car that
does not have the hardware for full self-driving, it is
like buying a horse.”76 Just as horses were replaced by
internal combustion engine vehicles in the past, AI is
driving another change that carmakers have to accept.

CASE STUDY #2

MAKING EDUCATION FIT FOR
THE 21st CENTURY
Education is key for personal growth and fundamental
for informed societies. It is also one of the most
important investments for both individuals and
countries. In a World Bank study that draws from
1,120 estimates in 139 countries, authors George
Psacharopoulos and Harry Antony Patrinos show
that the private average global rate of return remains
high and stable over the decades, with one extra
year of schooling constituting 9 percent.77 While,
contrary to some wild predictions and as this study
comprehensively shows, AI robots are not arriving
imminently to take over a large portion of the
existing jobs, the future is far from certain. Good and
continuous education is therefore more important
than ever.
In order to stay relevant, education needs to change
with the times. The Covid-19 pandemic and the
related school closures have highlighted the inability
of schools to ensure quality distance and online
learning. Yet even before the pandemic the situation
was far from perfect, with education systems failing
to embrace change to the detriment of not only the
students, but also teachers. AI-enabled solutions are
well placed to improve both teaching and learning.
Individualised and differentiated learning are major
examples where AI can play an increased role.
Meeting the needs of each student’s pace as well as

approach to learning is difficult, if not impossible,
especially in a classroom of 30 or even more students.
AI systems can target each student’s strengthens
and weaknesses and so not only help improve the
outcomes, but also learning as a process. Among
other applications, Edtech (education technology)
companies are deploying AI to provide tailored
feedback to students, track progress achieved and
identify each student’s knowledge gaps and areas of
strength as well as to increase learner engagement. AI
has even been successfully used to lower high school
dropout rates.78
AI enables education to become more accessible too.
The disparity between disabled and non-disabled
people in educational attainment is currently high.
Accessible curriculum for students with mental and
physical disabilities is part of the solution.79 Whereas
AI-based solutions are unlikely solve all the underlying
problems, it can help improve the situation.
ObjectiveEd’s Braille AI Tutor helps students improve
their braille literacy through speech recognition and a
braille display.80 Meanwhile inABLE’s I-Assistant “gives
blind and low vision people an alternative to an inperson test reader and writer with an automated techpowered conversational experience.”81 More broadly,
text-to-speech and speech-to-text software and
virtual voice assistants are already improving access
to education and training for people with disabilities.

77 Psacharopoulos, G. and H. A. Patrinos (2018) Returns to Investment in education: A Decennial Review of the Global Literature, World Bank Group, April
2018. Available at: https://openknowledge.worldbank.org/bitstream/handle/10986/29672/WPS8402.pdf
73 Mercedes Benz (2021) The all-new electric EQS. Available at: https://www.mercedes-benz.com/en/eq/all-electric-models/eqs/eqs/
74 Daimler (2021) The EQS. The first electric vehicle in the luxury class, April 15. Available at: https://www.daimler.com/products/passenger-cars/mercedesbenz/eqs-2021.html
75 Tabeta, S. (2020) China wants self-driving tech in half of new cars by 2025, Nikkei Asia, November 12. Available at: https://asia.nikkei.com/Business/
Automobiles/China-wants-self-driving-tech-in-half-of-new-cars-by-2025
76 Belvedere, M. J. (2019) Elon Musk: Any other car than a Tesla in 3 years will be like ‘owning a horse’, CNBC, April 23. Available at: https://www.cnbc.
com/2019/04/23/elon-musk-any-other-car-than-a-tesla-in-3-years-like-owning-a-horse.html
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78 Lynch, M. (2019) Using artificial intelligence to lower high school dropout rates, The Tech Advocate, May 28. Available at: https://www.thetechedvocate.
org/using-artificial-intelligence-to-lower-high-school-dropout-rates/
79 See, for instance, UNESCO (2020) Global Education monitoring report, 2020: Inclusion and education: all means all. Available at: https://unesdoc.
unesco.org/ark:/48223/pf0000373718
80 objective ed (2021) Braille AI Tutor. Available at: https://www.objectiveed.com/braille-ai-tutor
81 Dowdy, H. (2021) Reimagining the Future of Accessible Education with AI (Part 2), Microsoft, February 18. Available at: https://blogs.microsoft.com/
accessibility/ai4edugrants21/
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Teachers, too, can benefit from innovative solutions
in education. News articles and studies about high
stress levels, long working hours, burnout, mental
problems and, as a consequence, an increasing share
of teachers considering leaving the profession were
not hard to come across even before the Covid-19
outbreak. The associated lockdowns have become a
tipping point for many professionals. Unfortunately,
it is not only teachers that suffer the consequences.
An education scholar quoted by The New York Times
sums the situation well: “If we keep this up, you’re
going to lose an entire generation of not only students
but also teachers.”82
While no panacea, various AI-enabled solutions can
help ease the workload for teachers. Grading is one
example. Whereas it can take hours for a teacher to
grade homework and tests one at a time, mostly a
repetitive and boring process, Edtech software can
often do it immediately for everyone. Furthermore,
preparation for class, which takes around a fifth of the
teacher’s time per week,83 could be eased by making
use of the software that helps with working out better
study plans and pre-assessment of the student’s skills.
That way the teacher would either have to spend less
time on preparation or could prepare even better
using the same time. Other administrative and routine
tasks that can be delegated to machines include
taking attendance and generating test questions.
With AI-enabled automation and other software
fully embraced and utilised, teachers could devote
more time to what they enjoy doing most — teaching
— as well as shorten their workweek. Currently
teachers spend only around half of their time in
direct interaction with students, while much of
the rest is allocated to tasks that can be partially
or fully automated, including the aforementioned
preparation for the class, evaluation and feedback
and administrational tasks. According to one study,
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embracing the automation and AI solutions to the
fullest, teachers could in total gain 13 extra hours per
week.84
AI can also help make education more involving
and interesting. Student engagement can now be
successfully measured and fed back to the instructor.
That way the teacher can understand not only in
which area a student is struggling, but also where
the class as a whole is failing or slow to understand
a concept. Similarly, such solutions can also help the
teacher restructure parts of the course or even drop
certain approaches to teaching altogether. To quote
a teacher who already uses AI in teaching, “Students
are excited to be in my room, they’re telling me they
love math, and those are things that I don’t normally
hear.”85
Within the context of teachers and AI, the oft-cited
concerns including the need to ensure a “humancentric approach…for the use of AI [in education]”86
to those about robots on path to replacing teachers
are entirely unfounded. According to one study, not
only are teachers not threatened by automation
trends, but their profession will grow between 5
and 24 percent in the United States in a 15-year
period until 2030.87 While the profession can and
likely will continue to evolve due to automation and
technological advancement, the central mission
of the teacher, schools and in-person learning will
not lose their relevance. If anything, the pandemicinduced school closures and the associated shift
to online and distance learning have reinforced the
case for both teachers and schools. As parents were
struggling or even refusing to stand in as the de
facto teacher assistants, the case for the invaluable
role of teachers is cemented. As one commentator
put it at the time, “I’m not going to recreate school
for them [the kids]... And when it’s over, the
schoolwork will be there.”88

82 Singer, N. (2020) Teaching in the Pandemic: “This Is Not Sustainable”, The New York Times, December 3. Available at: https://www.nytimes.
com/2020/11/30/us/teachers-remote-learning-burnout.html
83 Bryant, J. et. al. (2020) How artificial intelligence will impact K-12 teachers, McKinsey, January 14. Available at: https://www.mckinsey.com/industries/
public-and-social-sector/our-insights/how-artificial-intelligence-will-impact-k-12-teachers
84 Bryant, J. et. al. (2020) How artificial intelligence will impact K-12 teachers, McKinsey, January 14. Available at: https://www.mckinsey.com/industries/
public-and-social-sector/our-insights/how-artificial-intelligence-will-impact-k-12-teachers
85 Smith, C. S. (2019) The Machines Are Learning, and So Are the Students, The New York Times, December 20. Available at: https://www.nytimes.
com/2019/12/18/education/artificial-intelligence-tutors-teachers.html
86 European Parliament (2021) European Parliament resolution of 25 March 2021 on shaping digital education policy, March 25. Available at: https://www.
europarl.europa.eu/doceo/document/TA-9-2021-0095_EN.html
87 Bryant, J. et. al. (2020) How artificial intelligence will impact K-12 teachers, McKinsey, January 14. Available at: https://www.mckinsey.com/industries/
public-and-social-sector/our-insights/how-artificial-intelligence-will-impact-k-12-teachers
88 Weiner, J. (2020) I Refuse to Run a Coronavirus Home School, The New York, Times, March 19. Available at: https://www.nytimes.com/2020/03/19/
opinion/coronavirus-home-school.html
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Promotion of digital education could be especially
beneficial for making it more accessible to people
in need of skills upgrades living in rural areas or
otherwise unable to attend in-person classes and
training such as professionals working long hours.
While distance education and e-learning are not novel
concepts, much remains to be done for improving
their delivery as well as to broaden the reach.
Recorded university lectures and coursework in PDF
format is hardly the best way to foster engagement.
The rise of massive open online courses (MOOCs)
is slowly transforming the field with platforms like
Coursera already making use of AI in various forms.
Yet more can be done as reliance on platforms alone
is not sufficient. Vocational education institutions,
too, must embrace e-learning so that it is accessible
without impediments to wherever one is.
Looking more broadly, education on all levels stands
to benefit from an overhaul that puts e-learning
on an equal footing to in-person schooling. While
the hasty transition to distance learning during
the 2020 lockdowns is often portrayed as a proof
that e-learning is a subpar solution,89 it is the
wrong conclusion. The difficulties experienced by
the students, teachers and schools — from lack
of computers to teachers struggling to effectively
modify and present their teaching material to an
online domain — rather reinforce the argument that
introduction of e-learning should have happened
earlier.
Those countries and schools that already had online
learning ingrained in the system were not struggling
much. Estonia, a long proponent of all things digital,
was embracing e-education long before the Covid-19
outbreak. Already in the 1990s Estonia was beefing up
schools’ IT infrastructure nationwide and

throughout the 2000s was developing educational
content suitable for online teaching and learning.
E-schoolbag, the country’s online library consisting of
over 20 thousand educational resources, was already
developed by 2016. Homework is submitted and
graded online. In parallel, promotion of digital literacy
among teachers was also among the priorities. As one
official put it, “Estonia has been preparing for [this]
kind of crisis for already 25 years.”90
As the schools were closing across Europe during the
first lockdowns of 2020, the students in Estonia were
already used to e-learning. “For us this transformation
to distance learning was not something new,” admits
another official.91 Estonia’s success speaks for itself,
with the country being ranked fifth in the PISA 2018
Worldwide Ranking for students’ performance in
reading, mathematics and science.92 Whereas the
high results are not due to digital education alone, it
is acknowledged that it plays its part.93 What is more,
the fact that Estonia — still an emerging economy
with limited resources — could afford and successfully
implement e-learning solutions proves there is no
justification for equally or even more resourceful
countries to follow suit. Estonia’s spending on
education was 6 percent of GDP in 2019. Albeit higher
than the EU-27 average, it is lower than for countries
like Sweden, Denmark and Belgium, all of which
performed worse in the above-mentioned aptitude
test.94
Looking more broadly, the AI-powered Edtech
industry is gaining prominence — and funding. In the
United States alone, the latter increased by nearly a
third in 2020, reaching 2.2 billion dollars.95 Countries
that take advantage of such solutions and make use
of other AI tools to improve quality and accessibility
of education will be winners in the long term.

89 See, for instance, Hobbs, T. D. and L. Hawkins (2020) The Results Are In for Remote Learning: It Didn’t Work, The Wall Street Journal, June 5. Available
at: https://www.wsj.com/articles/schools-coronavirus-remote-learning-lockdown-tech-11591375078
90 Pfister, M. (2020) A step ahead: Estonia emerges as a leader in worldwide distance learning experiment, NCEE, April 30. Available at: https://ncee.
org/2020/04/a-step-ahead-estonia/
91 Weale, S. (2020) Lessons from Estonia: why it excels at digital learning during Covid, The Guardian, October 30. Available at: https://www.theguardian.
com/world/2020/oct/30/lessons-from-estonia-why-excels-digital-learning-during-covid
92 OECD (2018) PISA 2018 results. Available at: https://www.oecd.org/pisa/PISA-results_ENGLISH.png
93 Jeffreys, B. (2019) Pisa rankings: Why Estonian pupils shine in global tests, BBC, December 2. Available at: https://www.bbc.com/news/
education-50590581
94 Eurostat (2021) General government expenditure in the EU on education amounted to EUR 654 billion or 4.7 % of GDP in 2019, February 2021.
Available at: https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Government_expenditure_on_education#Expenditure_on_.27education.27
95 Wan, T. (2021) A Record Year Amid a Pandemic: US Edtech Raises $2.2 Billion in 2020, EdSurge, January 13. Available at: https://www.edsurge.com/
news/2021-01-13-a-record-year-amid-a-pandemic-us-edtech-raises-2-2-billion-in-2020
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2

The state of AI:
THE EU AND THE OTHERS
“Who’s winning the global AI race? Not the EU, that’s for sure.”96
— Melissa Heikkilä, Politico

2.1 Investment in AI
When it comes to investment in AI, the EU is behind
both the United States and China. The European
Commission acknowledges the fact, noting in its 2020
white paper on AI that public and private investment
in research and innovation constituted only EUR
3.2 billion in 2016 versus EUR 12.1 billion in North
America and EUR 6.5 billion in Asia.97 The situation
is even grimmer. The relevant numbers cited by the
Commission are taken from a McKinsey study where
“Europe” is defined as six EU Member States and,
more importantly, calculations are based on data
for year 2016.98 The current situation is even more
dramatic.

United States was below USD 5 billion in 2015, but by
2020 was already over USD 23.5 billion. Meanwhile
in the EU it was still just USD 2 billion in 2020.99
By another estimate, the relevant numbers for the
2018/2019 period stood at USD 4 billion for the EU
and USD 36 billion for the United States, thus the
investment in the latter being a staggering nine times
higher.100 China is another major player in AI with
private investment increasing nearly five times in five
years, reaching nearly USD 10 billion in 2020.101 On top
of that, China is estimated to have noticeable, even if
not as high as often estimated, public investments in
AI.102

The gap in AI investment between the EU and other
major economies is not only large, but has vastly
widened. According to Stanford University’s most
recent AI Index Report, private AI investment in the

Admittedly, the “EU” label does mask differences
between its Member States, with the likes of Germany,
France and Italy being large, innovative and advanced
economies and hence generally attracting more

96 Heikkila, M. (2021) POLITICO AI: Decoded: Mean green AI machine — US vs. China vs. EU — AI’s WTO problem, Politico, January 27. Available at:
https://www.politico.eu/newsletter/ai-decoded/politico-ai-decoded-mean-green-ai-machine-us-vs-china-vs-eu-ais-wto-problem/
97 European Commission (2020) White Paper: On Artificial Intelligence - A European approach to excellence and trust, COM(2020) 65 final, February 19.
Available at: https://ec.europa.eu/info/sites/default/files/commission-white-paper-artificial-intelligence-feb2020_en.pdf
98 Manyka, J. (2017) 10 imperatives for Europe in the age of AI and automation, McKinsey, October 2. Available at: https://www.mckinsey.com/featuredinsights/europe/ten-imperatives-for-europe-in-the-age-of-ai-and-automation
99 Zhang, D. et al (2021) Artificial Intelligence Index Report 2021, Stanford University, March 2021. Available at: https://aiindex.stanford.edu/wp-content/
uploads/2021/03/2021-AI-Index-Report_Master.pdf
100 Korner, K (2020) (How) will the EU become an AI superstar, Deutsche Bank, March 18. Available at: https://www.
dbresearch.com/PROD/RPS_EN-PROD/PROD0000000000505746/%28How%29_will_the_EU_become_an_AI_superstar%3F.
pdf?undefined&realload=efddrrgfAVYPpkeCtpHPcAKj52GPWgV7X5Zwy3T~BpePGgzQqZ7hfNbVkCfXkI8xTP5oyWtkxpIy3ZE4SkjsuQ==
101 Zhang, D. et al (2021) Artificial Intelligence Index Report 2021, Stanford University, March 2021. Available at: https://aiindex.stanford.edu/wp-content/
uploads/2021/03/2021-AI-Index-Report_Master.pdf
102 See, for instance, Acharya, A. And A. Zachary (2019 Chinese Public AI R&D Spending: Provisional Findings, Georgetown University, December 2019.
Available at: https://cset.georgetown.edu/wp-content/uploads/Chinese-Public-AI-RD-Spending-Provisional-Findings-1.pdf
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private investment. Yet even when AI investment is
assessed on a country-by-country basis, the picture
does not change much. Germany and France attracted
only around USD 700 million and USD 600 million
respectively in 2020. This compares negatively to
the United Kingdom which saw private AI investment
reaching USD 2 billion and Israel’s USD 1.8 billion in
the same year.103
The situation in the EU may be improving slightly
when it comes to public investment in AI, due to
the EU Member States’ increased financial support
for their economies as part of the Covid-19 relief
measures. For instance, Germany, the EU’s largest
economy, has announced that it will increase the
relevant funding from EUR 3 billion to EUR 5 billion
until 2025.104 Meanwhile France plans to spend 7
percent of its EUR 100 billion stimulus package on
digital investment and transformation, part of which
is likely to directly and indirectly support AI as well.105
Yet, given the lack of private investments, the above
figures are still likely not sufficient for the relevant
Member States to catch up with the main competitors.
At the EU level, public investment in AI remains
underwhelming. The Digital Europe programme, part
of the Union’s new seven-year budget starting from
2021, allocates less than a third of its funds for AI and,
in absolute numbers, just a little over EUR 2 billion.
That is on average less than EUR 300 million annually,
spread between 27 Member States.106 Similarly, from
Horizon Europe, the EU’s flagship EUR 95.5 billion
research and innovation programme superseding
Horizon 2020, just EUR 15.3 billion will be devoted to
“digital, industry and space” (Cluster 4) which is less
than EUR 2.2 billion per year. Much less of that will
trickle down for AI research and development. In fact,
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the Commission is already managing expectations
and officially notes that through the above two
programmes “at least” EUR 1 billion per year should
be invested in AI.107
In comparison, the EU’s new seven-year budget
(known as multiannual financial framework
or MFF) coupled with the recovery package
(NextGenerationEU) totals an unprecedented EUR 1.8
trillion.108 In addition to Digital Europe and Horizon
Europe, there may be other indirect possibilities to
allocate funding to AI at a Union level. However, as
the figures illustrate, investment in the technology
constitutes at most 1 percent of the new budget
package.
In theory, the 20 percent allocation of
NextGenerationEU to be invested in digital transition
provides an additional opportunity for AI investment.
Yet, it is the Member States which through their
national recovery and reform plans, submitted to the
Commission, decide where exactly the money goes,
with the opportunities to label something a digital
reform being vast. How much of the relevant money
— around EUR 78 billion in the form of grants109 — will
actually benefit the AI sector remains to be seen.
Other initiatives and support measures are even
more modest. For instance, the European Institute
of Innovation and Technology (EIT) — itself funded
by Horizon Europe and its predecessor Horizon
2020 — over a two-year period “allocated over EUR
22 million in its AI activities.”110 In addition, it must
be acknowledged that there are more initiatives on
AI that date back to a couple of years ago and were
financed using the previous MFF and hence, if doing
strict adding up of numbers, should be counted in. For

103 Zhang, D. et al (2021) Artificial Intelligence Index Report 2021, Stanford University, March 2021. Available at: https://aiindex.stanford.edu/wp-content/
uploads/2021/03/2021-AI-Index-Report_Master.pdf
104 Federal Ministry of Finance, Germany (2021) Emerging from the crisis with full strength, June 4. Available at: https://www.bundesfinanzministerium.de/
Content/EN/Standardartikel/Topics/Public-Finances/Articles/2020-06-04-fiscal-package.html

instance, the establishment of the European Network
of AI Excellence Centres was allocated EUR 50 million
using Horizon 2020.111 Still, the committed money to
AI of the previous EU budget should not be seen as
part of the commitment to the technology under the
current cabinet.
Lastly, throughout the past years the European
Investment Bank (EIB) has communicated a number
of initiatives that through guarantees and other
financial schemes aim at supporting investment in AI.
The latest two announced in autumn and winter 2020
aim to jointly allocate EUR 250 million.112 However,
both the Artificial Intelligence Co-Investment
Facility (EUR 150 million) and the InnovFin Artificial

Intelligence and Blockchain pilot (EUR 100 million)
invest money indirectly, through funds and special
purpose vehicles and over a multi-year horizon.113
Furthermore, as has been pointed out in relation to
EIB schemes before,114 it remains to be seen how
evenly the allocated money will be spread across the
EU Member States. Most importantly, as the European
Court of Auditors has pointed out in the past in
relation to other EIB initiatives, new ones, while
promoted as bringing in fresh money, are often to an
extent displacing other existing EIB or EU initiatives
as well as private financing. The net additional effect
of EIB programmes is thus often more subtle than the
headline figures suggest.115

2.2 Funding and opportunities for academic research
Research is one of the key areas for advancing
homegrown AI and its applications at the EU level. To
date, the only notable EU-level action on supporting
AI research is the aforementioned European Network
of AI Excellence Centres which aims to promote
cooperation among researchers in Europe. Under the
network, the Commission has chosen five projects that
will help to “establish a common approach, vision and
identity for the European AI system.”116 The funding
allocated, as noted, is just EUR 50 million and even
so is spread over a four-year period, thus effectively
being EUR 12.5 per year on average.117 Nominally,
this compares favourably to a similar initiative by the
United States announced in 2020 under which seven
AI research hubs would benefit from a combined USD
140 million (EUR 116 million) over a five year period.118

Unlike the EU, however, the United Sates funds AI
research through other avenues, including defence
spending under which basic AI research from 2018
to 2024 was allocated between USD 7.4 and USD 9.1
billion.
To its credit, the European Commission has committed
to further broaden the above network and to
coordinate the efforts further by bringing both the
existing and forthcoming networks under an “AI
lighthouse for Europe” initiative.119 Categorised under
AI research, there are plans for some additional EU
initiatives, but given the vagueness in description it is
reasonable to state that thus far the direction is still
being devised. Indeed, one of the initiatives touted
as promotion of research is to work out a “research,

111 European Commission (2021) Towards a vibrant European network of AI excellence, March 8. Available at: https://digital-strategy.ec.europa.eu/en/news/
towards-vibrant-european-network-ai-excellence
112 EIF (2020) AI Co-Investment Facility, December 2. Available at: https://www.eif.org/what_we_do/equity/ai-co-investment-facility/index
113 ibid

105 Dillet, R. (2020) France to spend $8.4 billion on digital as part of stimulus plan, TechCrunch, September 3. Available at: https://techcrunch.
com/2020/09/03/france-to-spend-8-4-billion-on-digital-as-part-of-stimulus-plan/

114 See, for instance, Rios, B. (2019) EIB and Commission defend Juncker plan following auditors’ criticism, Euractiv, January 30. Available at: https://www.
euractiv.com/section/economy-jobs/news/eib-and-commission-defend-juncker-plan-following-auditors-criticism/

106 Council of the EU (2020) Digital Europe programme – informal agreement with European Parliament, December 18. Available at: https://www.consilium.
europa.eu/en/press/press-releases/2020/12/14/digital-europe-programme-informal-agreement-with-european-parliament/

115 European Court of Auditors (2019) European Fund for Strategic Investments: Action needed to make EFSI a full success, no 3. Available at: https://www.
eca.europa.eu/Lists/ECADocuments/SR19_03/SR_EFSI_EN.pdf

107 European Commission (2021) ANNEXES to the Communication from the Commission to the European Parliament, the European Council, the Council,
the European Economic and Social Committee and the Committee of the Regions, Fostering a European approach to Artificial Intelligence, COM(2021) 205
final, April 21. Available at: https://ec.europa.eu/newsroom/dae/document.cfm?doc_id=75787

116 European Commission (2021) ANNEXES to the Communication from the Commission to the European Parliament, the European Council, the Council,
the European Economic and Social Committee and the Committee of the Regions: Fostering a European approach to Artificial Intelligence, COM(2021) 205
final, April 21. Available at: https://ec.europa.eu/newsroom/dae/document.cfm?doc_id=75787

108 See, for instance, European Commission (2020) EU budget: European Commission welcomes agreement on €1.8 trillion package to help build greener,
more digital and more resilient Europe, November 10. Available at: https://ec.europa.eu/commission/presscorner/detail/en/IP_20_2073

117 Authors’ calculations; European Commission (2021) Towards a vibrant European network of AI excellence, March 8. Available at: https://digital-strategy.
ec.europa.eu/en/news/towards-vibrant-european-network-ai-excellence

109 Authors’ calculations. See, for instance, European Commission (2021) The 2021-2027 EU budget – What’s new? Available at: https://ec.europa.eu/info/
strategy/eu-budget/long-term-eu-budget/2021-2027/whats-new_en

118 Hatmaker, T. (2020) White House announces $1B investment for AI and quantum computing hubs, TechCrunch, August 26. Available at: https://
techcrunch.com/2020/08/26/ostp-ai-quantum-institutes/

110 European Commission (2021) ANNEXES to the Communication from the Commission to the European Parliament, the European Council, the Council,
the European Economic and Social Committee and the Committee of the Regions: Fostering a European approach to Artificial Intelligence, European
Commission, COM(2021) 205 final, April 21. Available at: https://ec.europa.eu/newsroom/dae/document.cfm?doc_id=75787

119 European Commission (2021) ANNEXES to the Communication from the Commission to the European Parliament, the European Council, the Council,
the European Economic and Social Committee and the Committee of the Regions: Fostering a European approach to Artificial Intelligence, COM(2021) 205
final, April 21. Available at: https://ec.europa.eu/newsroom/dae/document.cfm?doc_id=75787
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innovation and deployment strategy for Europe.”120
What is more, all the listed AI research initiatives are
linked to the Horizon Europe programme only. While
EUR 1 billion per year is a start, much less of that sum
will trickle to research.
The missing part in the EU’s approach to AI research
is funding for researchers though universities.
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Indeed, the above initiatives are more concerned
with establishing frameworks and bringing together
researchers instead of allocating funds to support
work performed in academia. The problem facing at
least some public higher education institutions in the
EU is the brain drain whereby researchers are opting
for better paid and less strings-attached work in
American tech companies.121

AI study programmes, 2019-20

2.3 Education and skills
One crucial element in the AI success equation
without doubt is education. Highly skilled
professionals with the right background can help the
field to develop and, conversely, the lack of them
limits innovation in the field.

three out of top 10 world universities for computer
science studies are in the United Kingdom, with
University of Oxford being number one. The other
seven are also outside the EU, with one in Switzerland
and the rest in the United States.123

When it comes to the situation of AI studies across
the Member States, it is reflective of the state of the
technology in the EU. According to calculations by
the European Commission’s Joint Research Centre,
for the years 2019–20 there were in total 1,032 AI
study programmes across the EU. This includes
bachelor and master’s programmes as well as short
courses. In contrast, the comparable number was
more than twice as high for the United States,
standing at 2,345. The United Kingdom, a much
smaller economy than the EU’s, had 1,275 of the
relevant programmes.122

In the EU there is a very wide gap between the
bachelor and master AI programmes, with the latter
totalling 794 and thus being four times more than the
undergraduate programmes. In the United States and
the United Kingdom such a gap between BSc and MSc
programmes cannot be witnessed.

In eight EU Member States there were no specialised
undergraduate AI programmes at all. The United
Kingdom alone has more than three times more
bachelor AI programmes than the 27 EU Member
States combined. What is more, none of the EU
universities have made the world top 10 for computer
science. According to the influential Times Higher
Education World University Rankings 2021 edition,

The shortage of AI study programmes across the
EU is especially unfortunate as the interest in such
studies has skyrocketed. According to one estimate,
introductory course enrolments or attempted
enrolments in the EU increased by 165 percent
through the past four academic years staring with
2016–17.124 In the same period globally, courses on
practical AI deployment have more than doubled at
the undergraduate level, whereas the relevant master
courses saw a much more moderate growth.125 In
many cases unable to accommodate the increased
demand by scaling up the study programmes, there is
already evidence where universities are turning away
prospective students.126

When dissecting further, the geographical imbalance
problem in AI education is revealed. In a number of
Member States there are only a handful of master
programmes on offer and none at the undergraduate
level.127 The likely scenario is that the prospective
students enrol at higher education institutions in
other countries where relevant AI courses are offered,
including the United Kingdom and the United States.
This potentially exacerbates problems for the EU’s
competitiveness in the AI field. The data reveals that
four out of five foreign PhD graduates in the United
States stay in the country for employment and that
only 8.6% of such graduates went on to take jobs
outside of the country in 2019.128
At the EU level the lack of AI studies problem is
belatedly being implicitly acknowledged, although
the steps taken to remedy this are vastly insufficient.

120 ibid

In 2020, the Commission announced extra allocation
out of the Connecting Europe Facility Telecom — one
of the main EU funding instruments — worth EUR 11.5
million for digital skills and jobs.129 However, there was
no funding for devising new bachelor AI programmes.
Instead, part of the above money was dedicated to
calls for proposals on design and delivery of two
master programmes on AI. Although the plan evolved
with ultimately four winners being selected among
participating networks of universities,130 the programmes
themselves build on the strengths of the existing offers
of these higher education institutions.131 Thus the extra
funding for the chosen universities, however limited, will
be beneficial and possibly even expand the offer to more
willing students who otherwise were not able to study
AI at the relevant institutions. Still, this particular EU
initiative did not address the lack of study programmes
across the Union, especially the bachelor ones.

121 Jurowetzki, R. et. al. (2021) The Privatization of AI Research(-ers): Causes and Potential Consequences -- From university-industry interaction to public
research brain-drain?, Cornell University, February 2. Available at: https://arxiv.org/abs/2102.01648
122 Lopez-Combo, M. et. al. (2020) Academic Offer of Advanced Digital Skills in 2019-20. International Comparison: Focus on Artificial Intelligence, High
Performance Computing, Cybersecurity and Data Science, European Commission. Available at: https://publications.jrc.ec.europa.eu/repository/bitstream/
JRC121680/jrc121680_jrc121680_academic_offer_of_advanced_digital_skills.pdf

127 Lopez-Combo, M. et. al. (2020) Academic Offer of Advanced Digital Skills in 2019-20. International Comparison: Focus on Artificial Intelligence, High
Performance Computing, Cybersecurity and Data Science, European Commission. Available at: https://publications.jrc.ec.europa.eu/repository/bitstream/
JRC121680/jrc121680_jrc121680_academic_offer_of_advanced_digital_skills.pdf

123 The Times Higher Education World University Rankings (2021) Available at: https://www.timeshighereducation.com/world-university-rankings/2021/
subject-ranking/computer-science#!/page/0/length/25/sort_by/rank/sort_order/asc/cols/stats

128 Zhang, D. et al (2021) Artificial Intelligence Index Report 2021, Stanford University, March 2021. Available at: https://aiindex.stanford.edu/wp-content/
uploads/2021/03/2021-AI-Index-Report_Master.pdf

124 Zhang, D. et al (2021) Artificial Intelligence Index Report 2021, Stanford University, March 2021. Available at: https://aiindex.stanford.edu/wp-content/
uploads/2021/03/2021-AI-Index-Report_Master.pdf

129 European Commission (2020) Additional €11.5 million for digital skills and jobs in the amended Connecting Europe Facility Telecom Work Programme,
March 6. Available at: https://ec.europa.eu/digital-single-market/en/news/additional-eu115-million-digital-skills-and-jobs-amended-connecting-europe-facilitytelecom

125 Zhang, D. et al (2021) Artificial Intelligence Index Report 2021, Stanford University, March 2021. Available at: https://aiindex.stanford.edu/wp-content/
uploads/2021/03/2021-AI-Index-Report_Master.pdf
126 See, for instance, BNR (2019) The case of: saving AI education, February 25. Available at: https://www.bnr.nl/podcast/aipodcast/10370647/the-case-ofsaving-ai-education
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Looking more broadly at the EU’s digital preparedness,
the low and persistent rate of digital literacy must be
pointed out. According to Eurostat, in 2019 only 56
percent of adults in the EU had basic or above-basic
digital skills. The relevant number stood at 54 percent
in 2015, thus the pace of improvement in the four-year
period was just half a percentage point a year. More
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significantly, these figures mask the vast differences
between the Member States. In Bulgaria and Romania
only 29 and 31 percent of individuals have basic digital
skills. In contrast, in Sweden and Finland the relevant
number exceeds 70 percent, while the Netherlands
takes the top spot in the EU with 79 percent of adults
having some digital skills.132

2.6 Top companies, startups and unicorns
Out of the combined top 100 EU, Chinese and United
States software and computer services firms for research
and development, only 12 were located in the EU. The
vast majority (58) were United States companies.137
Regarding startups, one study estimates that only five
of the top 100 most promising ones are based in the

2.4 Publications
Another measure by which to assess regional
contributions to AI is through the number of AI
journal publications. Here the EU is doing relatively
well. By one estimate, the EU share of AI journal
publications in 2020 accounted for 10.8 percent of
the world total.133 While both the United States (14.1

EU. In comparison, eight are in the United Kingdom
and 65 are in the United States.138 According to CB
Insights April 2021 data on global AI unicorns (a
startup with at least USD 1 billion valuation), there was
only one in the EU (Meero in France). In comparison,
the United Kingdom had four and there were 24 in the
United States.139

percent) and China (14.4 percent) surpass the EU on
this measure too, the differences are not as vast. The
same applies for AI conference publications in 2020,
where EU AI papers constituted 14.2 percent of the
world total compared to 15 percent for China and 18.9
percent for the United States.134

2.5 Patents
For AI patent publications as a percentage of world total,
the EU’s share is falling, now constituting only around
1 percent as compared to the early 2000s when it was
four times higher. For China the relevant number is on
an upwards trajectory. However, it still stands at only
0.4 percent. Although a similar to the EU downwards
trend can be witnessed for the United States, it is not as
dramatic. In 2020 the United States AI patent

publications accounted for 3.2 percent of the world total,
thus more than three times higher than in the EU.135
It must be noted, however, that the decreased AI
patent share does not mean fewer AI patents in
absolute numbers. On the contrary, the number of AI
patent publications in the world has tripled in the past
two decades, in 2020 being well over 140 thousand.136

Top 100 global AI startups

132 Eurostat (2021) Individuals’ level of digital skills, February 8. Available at: https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=isoc_sk_
dskl_i&lang=en
133 Zhang, D. et al (2021) Artificial Intelligence Index Report 2021, Stanford University, March 2021. Available at: https://aiindex.stanford.edu/wp-content/
uploads/2021/03/2021-AI-Index-Report_Master.pdf
134 ibid
135 Zhang, D. et al (2021) Artificial Intelligence Index Report 2021, Stanford University, March 2021. Available at: https://aiindex.stanford.edu/wp-content/
uploads/2021/03/2021-AI-Index-Report_Master.pdf

137 Castro, D. And M. McLaughlin (2021). Who is winning the AI race: China, the EU or the United States?, Center for Data Innovation, January 2021.
Available at: https://www2.datainnovation.org/2021-china-eu-us-ai.pdf
138 Kormer, K. (2020) (How) will the EU become an AI superstar?, Deutsche Bank, March 18. Available at: https://www.
dbresearch.com/PROD/RPS_EN-PROD/PROD0000000000505746/%28How%29_will_the_EU_become_an_AI_superstar%3F.
PDF?undefined&realload=IxIdBJ5r7DtE8qINTyWZDn7s5S29tdnTJy9PxTcr6BpGwLdVqyiMVKeKYfp7pQzFyxkQil6KIJOaznLXrLgXuQ==
139 Authors’ calculations using data from CB Insights, obtained by email
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3

ASSESSING THE EU’S
APPROACH TO AI
“The EU’s absence in AI is by choice, not necessity...
In European discussions on technology the analogue mindset still rules.”140
— Wolfgang Munchau, Financial Times

3.1 Shaping the EU’s approach to AI
AI regulation, categorised under the broader “A
Europe fit for the digital age” label, is one of the
top priorities for the current European Commission
which commenced work in late 2019. Ursula von der
Leyen, the Commission’s president, stressed in her
introductory speech to the European Parliament:
“In my first 100 days in office, I will put forward
legislation for a coordinated European approach
on the human and ethical implications of Artificial
Intelligence.”141
In fact, first steps on the EU’s approach to AI date
back a couple of years ago. The European Council
(consisting of heads of EU Member States) meeting
of October 2017 vaguely defines the approach
to AI going forward. The meeting’s conclusions
state that there is “a sense of urgency to address
emerging trends” including AI “while at the same
time ensuring a high level of data protection,
digital rights and ethical standards.” The European

Council hence invited the Commission to put
forward “a European approach” to AI by early
2018.142
In April and December 2018, the Commission
released two policy documents on AI which
sketched out the main priorities for the EU going
forward. The latter one, a “coordinated plan”
on AI already discussed the opportunities of AI
and correctly highlighted that Europe is lagging
behind and that “[w]ithout major efforts, the EU
risks losing out on the opportunities offered by
AI, facing a brain drain and being a consumer of
solutions developed elsewhere.”143 Along with an
announcement to marginally increase funding for
the technology at the EU level, the plan noted
that ”[f]urther developments in AI also require a
regulatory framework that is flexible enough to
promote innovation while ensuring high levels of
protection and safety.”144

140 Munchau, W. (2020) Europe is still in thrall to the analogue mindset, Financial Times, February 23. Available at: https://www.ft.com/content/0f62fd5254a8-11ea-8841-482eed0038b1
141 von der Leyen, U. (2019) My agenda for Europe, European Commission. Available at: https://ec.europa.eu/info/sites/default/files/political-guidelinesnext-commission_en_0.pdf
142 European Council (2017) European Council meeting (19 October 2017 — Conclusions, EUCO 14/17, October 19. Available at: https://www.consilium.
europa.eu/media/21620/19-euco-final-conclusions-en.pdf
143 European Commission (2018) COMMUNICATION FROM THE COMMISSION TO THE EUROPEAN PARLIAMENT, THE EUROPEAN COUNCIL,
THE COUNCIL, THE EUROPEAN ECONOMIC AND SOCIAL COMMITTEE AND THE COMMITTEE OF THE REGIONS: Coordinated Plan on Artificial
Intelligence, COM(2018) 795 final, December 7. Available at: https://ec.europa.eu/newsroom/dae/document.cfm?doc_id=56018
144 ibid
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The AI white paper adopted by the current
Commission in early 2020,145 while building on the
previous work, marks a turning point in the EU’s
approach to the technology. The white paper brushes
past the pressing issues on the need to further
stimulate development and uptake of AI within the
bloc while at the same time using outdated figures
on AI investment across the world.146 Although it
does briefly tackle a number of shortcomings that the
EU’s AI scene face, there is a lack of new solutions to
address them or a commitment to strongly reinforce
public spending on AI. Instead, the majority of the
white paper focuses on the forthcoming regulatory
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framework on AI, describing at length the various
aspects that require action.
Without much to offer for promoting AI innovation,
the white paper doubles down on the need to protect
citizens and consumers against the potential risks
through creation of an “ecosystem of trust.”147 At
the time Wolfgang Munchau in the Financial Times
succinctly summarised his take of the EU’s approach
to AI, expressed through the white paper: there is
“fear of a high-tech digital future; the need to protect
oneself against it; and the complacency inherent in
the belief that regulation is the solution.”148

3.2 AI Act and the updated coordinated plan
The above-discussed white paper on AI and the
following stakeholder consultation run by the
Commission through the first half of 2020 has led to a
legislative plan. There are three interrelated pieces of
legislation planned by the Commission, including the
forthcoming EU rules to address liability issues related to
AI as well as a revision of sectoral safety legislation such
as machinery regulation and general product safety.149
The biggest of the trio, a regulation announced in late
April 2021 concerning harmonised rules on AI (the AI
Act) is building further on the ideas of the white paper.
With the view to promote trust in AI, the draft
legislation essentially outlines how the technology
can and cannot be used by both governments and
companies. The Commission proposes to categorise
AI systems according to different risk levels posed.
As such, AI applications labelled “unacceptable
risk” will be banned and include systems that allow
social scoring by governments as well as those that
manipulate human behaviour “to circumvent users’
free will.”150 The use of biometric identification
(face-scanning, although in theory it can also be

fingerprinting) systems in public spaces for law
enforcement purposes would be prohibited too,
although some exceptions apply. Those include
the use of facial recognition to find a missing child,
prevent or detect a “specific and imminent terrorist
threat” or to “detect, locate, identify or prosecute” a
perpetrator or a suspect of a serious crime.151
“High-risk” AI would be subject to a number of
obligations before it can be commercially applied.
Such obligations include the need for adequate
risk assessment and mitigation systems, clear and
adequate information to the user, appropriate
human oversight, quality datasets and a high level of
robustness, security and accuracy. The Commission
has identified a number of applications within sectors
where AI would be considered high risk. Those include
transport (i.e. self-driving cars), education (i.e. exam
scoring), employment (automated job application
management), credit scoring and law enforcement.
Chatbots would be considered limited risk and
therefore users would simply need to be made aware

145 European Commission (2020) On Artificial Intelligence - A European approach to excellence and trust, COM(2020) 65 final, February 19. Available at:
https://ec.europa.eu/info/sites/default/files/commission-white-paper-artificial-intelligence-feb2020_en.pdf
146 For this, refer to the previous chapter of this paper — discussion on AI investment
147 European Commission (2020) On Artificial Intelligence - A European approach to excellence and trust, COM(2020) 65 final, February 19. Available at:
https://ec.europa.eu/info/sites/default/files/commission-white-paper-artificial-intelligence-feb2020_en.pdf
148 Munchau, W. (2020) Europe is still in thrall to the analogue mindset, Financial Times, February 23. Available at: https://www.ft.com/content/0f62fd5254a8-11ea-8841-482eed0038b1
149 European Commission (2021) A European approach to Artificial intelligence, April 26. Available at: https://digital-strategy.ec.europa.eu/en/policies/
european-approach-artificial-intelligence
150 European Commission (2021) Europe fit for the Digital Age: Commission proposes new rules and actions for excellence and trust in Artificial
Intelligence, April 21. Available at: https://ec.europa.eu/commission/presscorner/detail/en/ip_21_1682
151 ibid
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that they are interacting with a machine. “Minimalrisk” AI like video games and spam filters would not
be subject to the regulatory burden.152
To enforce the strict rules, the Commission is
proposing hefty fines up to EUR 20 million or, for a
corporation, up to 4 percent of its total worldwide
annual turnover, whichever is higher. To illustrate, the
hypothetical maximum penalty for Google and Apple
would in absolute numbers exceed EUR 6 and EUR 9
billion respectively.153

Meanwhile, on the incentive side, the updated
Coordinated Plan on AI and the included initiatives
to “remain globally competitive” fall short of
the same ambition as the AI Act on regulation.
The relevant initiatives are discussed throughout
Chapter 2 of this study.154 The one notable initiative
within the AI Act itself in support of innovation
launches so-called “sandboxes” in which startups
and SMEs can use data to test their new AI
applications without the fear of being hit by the
above-mentioned fines.

3.3 Dissecting the EU’s approach to regulating AI
It must be noted that the AI Act, being a draft
legislation on such a contested issue, is unlikely
to be adopted anytime soon. As the other two EU
institutions involved — The European Parliament and
the European Council — begin their work, it is beyond
doubt that many aspects of the proposed regulation
will be changed. For instance, it can be reasonably
speculated that the European Parliament which has a
track record in trying to strengthen the Commission’s
proposals will try to bring more AI systems under the
high and unacceptable risk categories.
Meanwhile within the Council certain Member States
will try to soften the text in some key areas such as
in relation to the use of facial recognition in order to
have more exceptions when and how such systems
can be used. Indeed, prior to the relevant legislative
act, a group of 14 Member States from Eastern,
Northern and Southern countries155 communicated
their position paper on AI in which they stressed the
importance of striking the right balance between
regulatory burden and the need for innovation.
The relevant countries stressed the need to create
incentives for companies through a soft-law approach
to AI regulation. To achieve this, they proposed a

voluntary European labelling scheme for users to
understand “which applications are based on secure,
responsible and ethical AI and data and therefore
which applications to trust.”156
While the voluntary labelling scheme was indeed
one of the options considered by the Commission
— as was a sectoral “ad-hoc” approach — the
EU’s executive opted for the horizontal legislative
instrument on AI described above.157
The Commission’s approach in categorising AI
applications into risk levels can lead to “high-risk”
AI applications being developed and launched
elsewhere with the EU countries losing out due to
high regulatory burden for their deployment in the
EU. Some in the tech sector have already pointed this
out.158
The given approach is also unlikely to be future proof.
As already discussed in this paper, innovation in AI
is rapid and some of the commercial applications
that show great promise and “high risk” today may
not necessarily end up being as important in future,
especially if their development is not pursued further.

152 ibid
153 Authors’ calculations using data from Statista (2021)
154 See the previous chapter on the state of play of AI in the EU and the discussion, within context, of the initiatives proposed in updated Coordinated Plan
on AI such as the expansion of European Network of AI Excellence Centres and the increased EU level funding allocation for AI
155 Denmark, Belgium, the Czech Republic, Finland, France, Estonia, Ireland, Latvia, Luxembourg, the Netherlands, Poland, Portugal, Spain and Sweden
156 Innovative and Trustworthy AI: Two Sides of the Same Coin: Position paper on behalf of Denmark, Belgium, the Czech Republic, Finland, France,
Estonia, Ireland, Latvia, Luxembourg, the Netherlands, Poland, Portugal, Spain and Sweden (2020). Available at: https://em.dk/media/13914/non-paperinnovative-and-trustworthy-ai-two-side-of-the-same-coin.pdf
157 European Commission (2021) Proposal for a Regulation laying down harmonised rules on artificial intelligence (Artificial Intelligence Act), 2021/0106
(COD), April 21. Available at: https://ec.europa.eu/newsroom/dae/document.cfm?doc_id=75788
158 See, for instance, Heikkila, M. (2021) Europe eyes strict rules for artificial intelligence, Politico, April 14. Available at: https://www.politico.eu/article/
europe-strict-rules-artificial-intelligence/
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On the other hand, various applications that were not
even discussed until recently are entering the market.
For instance, OthersideAI is one of the many companies
taking advantage of the capabilities offered by the
world’s largest language model, GPT-3, and launching
a product that transforms user-generated bullet-points
into “thoughtful, comprehensive email responses.”159
Under the Commission’s proposed classification, the
relevant AI system would be considered “low risk” or
even “minimal risk”. At the same time it is not hard to
see how, if adopted in a corporate environment such
as banking, it could have implications that the EU is
seemingly trying to address via legislation, notably trust.
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Furthermore, as AI systems used in cars are
classified high risk, it begs the question what in
this application would satisfy the requirement for
ensuring “high level of robustness, security and
accuracy”160 as set out in the proposal.161 Neither the
existing driving assistance systems, nor the selfdriving cars, when they arrive, will ever be risk-free.
Yet neither is driving performed by humans. For
instance, the latest data from Tesla reveal that with
its Autopilot engaged, one accident happened for
every 4.19 million miles on average. By comparison,
in the United States there is a car crash every 484
thousand miles.162

3.4 Sovereignty versus isolationism
As this paper makes clear in the previous chapter,
when assessing the state of AI in the bloc — as well as
in the next chapter on policy recommendations — the
EU is lagging behind the developed economies and
there is a need to encourage innovation and uptake of
the technology. There is no issue with the AI Act itself,
but rather the EU’s approach to the technology which
fails to sufficiently spur innovation due to also lack
sufficient public funding to various initiatives and AI in
general.
What is more, the current Commission’s direction
on the technology front is towards achieving
“sovereignty” and “strategic autonomy.”163 This goes
beyond AI. But, as the relevant autonomy efforts
are mostly not achieved by adequate allocation of
financing and as the innovation is lagging, legislation
is subtly used as the relevant tool.
The data governance act (DGA),164 which is the first
legislative proposal deriving from the European
Strategy for Data, already sets the tone. Announced

by the Commission in late 2020 with the declared aim
to increase trust in data sharing and facilitate access
to data, including through promotion of re-use of
public sector data and by introducing a possibility for
individuals to donate their data (“data altruism”).
The proposal’s true purpose is more ambiguous. On
the outset, DGA strives to set the Union framework
to increase the amount of data shared across sectors
and borders. To help achieve this the Commission is
pitching data intermediaries — in effect, independent
brokers between data subjects and holders on the one
hand and data users and re-users on the other — as
the currently missing link.

non-personal data when it comes to their transferring
outside the bloc.166 The generous view can be that
the relevant restrictions aim to target certain third
countries like China who do not share the same
democratic values and, more importantly, privacy
standards for data and AI. The more likely scenario is
that the proposed transfer curbs are as much aimed at
the United States and other countries which are more
ahead with their data and AI industries. And, indeed,
if DGA strives to enable and promote data exchange,
it is hard to understand how a transfer of certain data
between Germany and France is fine, but between
Germany and the United Kingdom or Switzerland is
not. What is more, the Commission even fails to define
“highly sensitive.”
The leaked draft versions of the DGA legislation
even included a requirement for the proposed data
intermediaries to be based in the EU, thus more
clearly unmasking the protectionist tendencies. This
idea still appeared in a draft from late October 2020,
less than a month before the DGA proposal was
announced.167
Looking more broadly, the DGA proposal fails to
address the incentives issue. The hope that the
existence of data intermediaries coupled with many
other administrative and other burdens proposed in

the text will vastly spur growth in data sharing is at
the very least optimistic, if not flawed. Ironically, even
a number of big European companies and relevant
stakeholders are unsatisfied with the requirements,
noting that DGA will undermine the current businessto-business (B2B) data sharing models in Europe.168
Regarding isolationist tendencies, more recently
the Commission proposed to exclude third-country
researchers from the sensitive parts of the Horizon
Europe research programme. This is despite the fact
that countries like the United Kingdom and Israel
are not only paying their share in the EU budget for
membership in Horizon Europe, but are also ahead of
the EU in AI development and arguably other cuttingedge technologies. As one diplomat quoted by the
Financial Times put it, “This vision of protectionism
disguised as strategic autonomy buries the EU’s
aspirations on technology leadership in the sand.”169
Similarly, backed by the Commission, EU-based banks
are rushing to create a “European payment champion”
to rival that of PayPal, Visa and Apple and Google
Pay.170 Whether it will succeed — and similar initiatives
have failed in the past171 — is not as important as the
discussion on why international cooperation is being
increasingly supplanted by inward-looking policies
and initiatives by the Commission.

At the same time, the DGA proposal also imposes
barriers which effectively go contrary to the stated
spirit of the proposal. For instance, the draft
legislation permits restrictions on transfers of data
to countries outside of the EU to protect the public
interest.”165 Elsewhere in the text, it is also noted that
stricter conditions shall apply for “highly sensitive”

159 OthersideAI (2020) OthersideAI Raises $2.6 Million to Transform the Email Experience, November 12. Available at: https://medium.com/@othersideai/
othersideai-raises-2-6-million-to-transform-the-email-experience-c13a86af4e28
160 European Commission (2021) A European approach to Artificial intelligence, April 26. Available at: https://digital-strategy.ec.europa.eu/en/policies/
european-approach-artificial-intelligence

166 European Commission (2020) Proposal for a Regulation of the European Parliament and the Council on European data governance (Data Governance
Act), 2020/0340 (COD), November 25, p. 15. Available at: https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52020PC0767&from=EN

161 While the Commission states that the AI Act will not apply to “products covered by relevant Old Approach legislation (e.g. aviation, cars)”, “the ex-ante
essential requirements for high-risk AI systems set out in this proposal will have to be taken into account when adopting relevant implementing or delegated
legislation under those acts.”

167 Stolton, S. (2020) Data sharing services must be ‘established in the EU,’ leaked regulation reveals, Euractiv, October 30. Available at: https://www.
euractiv.com/section/digital/news/data-sharing-services-must-be-established-in-the-eu-leaked-regulation-reveals/

162 Tesla (2021) Tesla Vehicle Safety Report. Available at: https://www.tesla.com/VehicleSafetyReport?redirect=no
163 See, for instance, Breton, T. (2020) Speech by Commissioner Thierry Breton at Hannover Messe Digital Days, European Commission, July 15.
Available at: https://ec.europa.eu/commission/presscorner/detail/en/SPEECH_20_1362
164 European Commission (2020) Proposal for a Regulation of the European Parliament and the Council on European data governance (Data Governance
Act), 2020/0340 (COD), November 25. Available at: https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52020PC0767&from=EN
165 European Commission (2020) Proposal for a Regulation of the European Parliament and the Council on European data governance (Data Governance
Act), 2020/0340 (COD), November 25, p. 16. Available at: https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52020PC0767&from=EN
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168 See, for instance, Greenfield, H. (2020) The European Commission Proposes New EU Data Sharing Rules, Expands Restrictions for International
Transfers of Certain Data, CCIA, November 25. Available at: https://www.ccianet.org/2020/11/the-european-commission-proposes-new-eu-data-sharingrules-expands-restrictions-for-international-transfers-of-certain-data/
169 Brundsen, J. (2021) Germany resists EU move to limit UK role on R&D, Financial Times, April 26. Available at: https://www.ft.com/content/39671abf2868-4a59-a598-7c4a7a431363
170 Storbeck. O. (2021) Europe’s largest banks plan joint attack on US payments giants, Financial Times, May 3. Available at: https://www.ft.com/content/
f274255d-eb96-44fe-90e9-fe5532cc47ac
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4

POLICY RECOMMENDATIONS
This chapter focuses on policy recommendations that
can be implemented at the EU as well as the Member
State level to promote innovation and investment.
The following policy recommendations largely reflect
the evidence and findings presented throughout

this study and build on them. However, the
below recommendations should not be seen as a
comprehensive and exhaustive list, nor should they be
seen as necessarily the most important. Instead, the
below list complements the EU’s already existing and
the proposed actions and legislation on AI.

4.1 Allocate more funding for AI at the EU level
The investment gap between the EU on the one hand
and countries like China and the United States on the
other is not only vast, but growing. Ursula von der Leyen,
the Commission’s president, stressed in her introductory
speech before assuming duties that she “will make sure
that we prioritise investments in Artificial Intelligence,
both through the EU budget as well as by increased
use of public-private partnerships.”172 So far she has not
delivered on this promise.
To help close that gap between the EU and other
major economies where both public and private
funding to AI is much larger, the bloc should devise
a clear strategy with realistic targets. The current
EU AI plan which optimistically sets a target of EUR
20 billion per year for public and private sector
investment in AI over the following decade173 is
unachievable.

While it can be hoped that in the longer term the EU
strategy on AI does attract more private financing, it
will still not help close the above-mentioned gap.
Regarding immediate solutions, the EIB should
combine its many relevant initiatives into one and
create an AI megafund that more clearly shows
the EU’s commitment for AI through, inter alia,
private investment vehicles. Meanwhile the currently
allocated EUR 1 billion per year for AI from the EU
budget must be increased substantially. Extra money
could be drawn from not only Horizon Europe, but
other programmes as well. Within the context, the
EU’s heads of state already in 2017 stressed the
need for “a determined R&D and investment effort”
and for the Commission to “explore ways to set up
the appropriate structures and funding to support
breakthrough innovation.”174

172 von der Leyen, U. (2019) My agenda for Europe, European Commission. Available at: https://ec.europa.eu/info/sites/default/files/political-guidelinesnext-commission_en_0.pdf
173 European Commission (2021) ANNEXES to the Communication from the Commission to the European Parliament, the European Council, the Council,
the European Economic and Social Committee and the Committee of the Regions, Fostering a European approach to Artificial Intelligence, COM(2021) 205
final, April 21. Available at: https://ec.europa.eu/newsroom/dae/document.cfm?doc_id=75787
174 European Council (2017) European Council meeting (19 October 2017 — Conclusions, EUCO 14/17, October 19. Available at: https://www.consilium.
europa.eu/media/21620/19-euco-final-conclusions-en.pdf
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4.2 Promote higher education AI studies

4.4 Supporting AI startups in scaling up

The EU as a whole lacks sufficient undergraduate AI
study programmes and nearly a third of EU Member
States lack any such programmes. In the medium
to longer term, it is paramount that the demand for
studies is met with sufficient opportunities on the
Member State level. The EU can facilitate this with
increased funding allocations and by implementing
quantitate targets that the bloc as a whole must
meet by a certain year. Yet, the situation cannot be
changed overnight, especially if educational quality
is to be ensured, while the AI race is intensifying.
Hence at the EU level there must also be emphasis
on promoting student mobility and taking advantage
of quality AI education that is available outside the
Union.

The ability for a startup in the EU to scale up, whether
AI or other, is not easy. Unlike in the United States
where capital markets are much more developed
and less fragmented, in the EU companies have
to mainly rely on bank loans. The fallout from the
Covid-19 pandemic is complicating even that source
of financing, with some banks pulling back from
lending.179 However even in normal times, bank
loans are often ill-suited to promote rapid growth of
companies. On top of that, national borders within the
EU are still growth impeding, despite the existence of
the affectionately named Digital Single Market.

For instance, not only the United Kingdom has more
than three times more bachelor AI programmes than

the EU-27 combined, but many of its universities are
the top destinations for such studies. Even though the
United Kingdom decided not to take part in Erasmus+
student exchange programme after its departure from
the EU,175 the latter can promote one-way student
and researcher mobility. This can be done by working
out a special scheme, for instance, under Erasmus+
or other programmes. Similar schemes could directly
support studies in other countries with leading AI
studies in Europe, such as Switzerland, and elsewhere
in the world, primarily the United States.
On a Member State level, there is an opportunity
to use the increased fiscal scope due to favourable
financing conditions, coupled with the unprecedented
EU recovery package, to channel more money
into higher education and, especially, the AI study
programmes.

4.3 Ensure AI scholars have adequate opportunities
and incentives to remain in the EU
While the announced EU initiatives nominally
support research on AI through the Horizon
programme, there is a need for specific action
to address the brain drain affecting academia.
In addition to expanding the excellence centre
network, the Commission should allocate
funding to universities and research institutes
to carry out application-oriented basic research
on AI. Leading universities have already proven
that adequate funding to AI research leads to
impeccable results. For instance, universities of
Cambridge and Oxford have stimulated startups
which later were acquired by the tech companies,
including DeepMind (which was purchased
by Alphabet), VocalIQ (Apple) and Swiftkey
(Microsoft).176

What is more, EU money should to an extent come
without the ubiquitous red tape attached to public
funding or a set of quantitative targets to be fulfilled. The
reason why academic researchers are flocking to work
in research departments of the likes of Alphabet and
Facebook is not only the overall funding available there.
What frustrates many academics and researchers is the
increased energy necessary to merely secure funding,
the need to devote limited time to doing administrative
tasks as well as being expected to constantly produce
research papers to prove their productivity.177 Peter
Higgs, the renowned physicist, noted nearly a decade
ago that his groundbreaking work would not have
been possible today as he “would [not] be regarded as
productive enough,” with academics nowadays expected
to “keep churning out papers.”178

It is beyond the scope of this paper to offer a
comprehensive roadmap and a list of actions for
establishing a true capital markets union. Nor can all
the other barriers to company growth be sufficiently
addressed.
While some initiatives aimed at supporting scale-ups
already exist, their firepower is too small and they are
not aimed directly at AI companies. For instance, the
VentureEU venture capital fund-of-funds created by
the previous European Commission and the European

Investment Fund already aims at giving “European
innovators the opportunity to grow into world-leading
companies.” However, it strives to allocate just EUR
410 million to raise EUR 2.1 billion of public and private
investment.180 Meanwhile, the previously mentioned
other EIB investments are indirect and do not concern
the AI company scale up per se.
Although this paper already calls for increased overall
funding for AI through both the EU budget as well
as the EIB, there needs to be a specific instrument
with adequate financing at its core that aims to help
the EU’s AI companies scale up. Such an instrument
could combine both grants and loans and, in order to
be truly accessible for all Member States, should be
designed in a way to ensure geographical balance in
its funding allocation.
As private investment tends to concentrate more in
technology companies that have already matured,
an instrument to support scaling up of promising AI
companies must be amongst the necessary initiatives
to help boost the sector in the EU and attract private
investment.

4.5 Facilitate the uptake of AI by targeted support for SMEs
In relation to the uptake of AI solutions by firms, one
constantly overlooked issue is the composition of the
EU’s entrepreneurial landscape. The vast majority
of European companies are SMEs, employing up to
250 employees. Indeed, 93 percent of all firms in the
EU are micro-enterprises, employing no more than 9
people. Only 0.2 percent of all EU companies employ
more than 250 people.181 In comparison, the situation
is different in other major economies. In the United
States, 8 percent of companies employ between
100 and 499 people and another 4 percent are big

corporations, with staff exceeding 500 people. In
Canada and Switzerland, the landscape is similar; in
the latter less than 70 percent of the firms employ
fewer than 10 people.182
The AI uptake is lower amongst smaller enterprises,
even in the United States.183 In the EU, nearly two
out of five (39 percent) large companies already use
two or more AI technologies compared to only one
in five SMEs (21 and 22 percent for micro and small
enterprises respectively).184 The reasons why SMEs

179 See, for instance, Storbeck, O. et. al. (2020) US banks pull back from lending to European companies, Financial Times, April 24. Available at: https://
www.ft.com/content/835c6106-e728-4f58-930e-b94641a752f2

175 Stone, J. and B. Dawson (2020) Brexit deal: UK ‘decided not to stay in Erasmus exchange programme’, EU says, The Independent, December 24.
Available at: https://www.independent.co.uk/news/uk/politics/brexit-deal-erasmus-eu-university-exchange-b1778667.html
176 Azhar, A. (2018) Realising the Economic and Societal Potential of Responsible AI in Europe, Accenture. Available at: https://www.accenture.com/_
acnmedia/PDF-74/Accenture-Realising-Economic-Societal-Potential-Responsible-Ai-Europe.pdf

180 European Commission (2018) VentureEU: €2.1 billion to boost venture capital investment in Europe’s innovative start-ups, April 10. Available at: https://
ec.europa.eu/commission/presscorner/detail/en/IP_18_2763
181 European Parliament (2019) Key Figures On SMEs In The European Union, January 31. Available at: https://epthinktank.eu/
figure19e28093keyfiguresonsmesintheeuropeanunion/
182 OECD (2017) “Enterprises by size”, in Entrepreneurship at a Glance 2017, OECD Publishing, Paris

177 See, for instance, BNR (2019) The case of: saving AI education, February 25. Available at: https://www.bnr.nl/podcast/aipodcast/10370647/the-case-ofsaving-ai-education

183 See, for instance, Knight, W. (2020 AI Is All the Rage. So Why Aren’t More Businesses Using It?, Wired, July 30. Available at: https://www.wired.com/
story/ai-why-not-more-businesses-use/

178 Aitkenhead, D. (2013) Peter Higgs: I wouldn’t be productive enough for today’s academic system, The Guardian, December 6. Available at: https://www.
theguardian.com/science/2013/dec/06/peter-higgs-boson-academic-system?CMP=Share_iOSApp_Other

184 Kazakova, S. et. al. (2020) European enterprise survey on the use of technologies based on artificial intelligence, European Commission. Available at:
https://ec.europa.eu/newsroom/dae/document.cfm?doc_id=68488
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fail to adopt AI are different from those of their larger
peers. Among all three, micro- (37 percent), small- (36
percent) and medium- (38 percent) sized companies
that have not adopted AI solutions, the key external
barrier is the lack of funding. In comparison the same
concern is voiced by only 32 percent of the large
companies.185 For the internal obstacles, the most
important ones are also related to money, namely, the
difficulties in hiring new staff with the right skills, the
cost of adoption and the cost of adapting operational
processes.186
Promotion of AI use among SMEs is crucial as not
only are they the biggest employers, but also the
productivity growth levels among smaller-sized
companies is lower.187 Put differently, SMEs are slowing
GDP growth in the EU.
Understanding the clear benefits of AI uptake for
SMEs and the European economies more broadly,
there is a need for tailored support schemes at both
the EU and the Member State level. Some countries
like Germany have already taken the initiative.
Since 2019 as part of the Mittlelstand 4.0 centres
of excellence, “AI-trainers” provide free of charge
training for German SMEs in AI deployment.188
Similarly the United Kingdom’s Help to Grow
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programme offers highly subsidised quality courses
and discount vouchers for software purchases in order
to help SMEs go digital. Yet other, especially smaller
and peripheral EU countries may lack the resources or
the political will to implement similar schemes.
It must be acknowledged, however, that the
Commission using the 30 AI-focused digital
innovation hubs set up by the previous cabinet, is to
an extent replicating the German example on the EU
scale. However, the location of the hubs is not evenly
spread, with a number of countries not having any.189
Yet it is the funding again that is inadequate, with
EUR 580 million proposed (out of the 2.1 billion Digital
Europe programme allocation) to cover not only
SME training, but also for designing and delivering
of master’s courses, on-the-job trainings and other
initiatives. Given that the above figure is allocated for
the seven-year period, the scheme at EUR 80 million
per year is vastly insufficient.
If the EU’s priority is the promotion of AI, more topdown, well-financed initiatives in support of AI uptake
amongst SMEs need to be devised. Even replicating
the cited example from the United Kingdom on the EU
scale would do much more for fostering the AI uptake
among European firms than is currently offered.

4.6 Foster trust in AI
In a press statement announcing the new EU level AI
legislation, the Commission stresses that it “will make
sure that Europeans can trust what AI has to offer.”190
Indeed, words “trust,” “trustworthy,” “human-centric”
and “ethical” are amongst the most widely used in
both the relevant legislation as well as in general EU
level discussions surrounding AI.
While AI legislation, including establishing clearer
rules on permissive and banned uses of the

technology, is a step forward, it by itself will not
sufficiently promote trust.
When it comes to employment, one widely circulating
misconception is that AI will radically change
the labour market, potentially leading to mass
unemployment. Some of the EU’s own studies are not
helpful in this regard, for instance statements such as
this: “The most immediate effect of digital automation
is to displace jobs.”191 The previous waves of

automation have not resulted in job overall job losses.
And on AI specifically, as a recent OECD study notes,
“the empirical evidence based on AI adopted in the
last 10 years does not support the idea of an overall
decline in employment and wages in occupations
exposed to AI.”192 Yet, people in advanced economies
are especially worried.193
If trust in AI is to be ensured, there must be a
greater engagement with different demographic
groups. This can be done through classes where
people are merely explained what AI is, what it
can and cannot do as well as through citizens
dialogues where the prevailing issues and

worries about AI are mapped and, where viable,
addressed. Not only the benefits of having AI, but
also the risks of not embracing the technology
— such as lower economic growth, stagnating
wages and others — have to be more clearly
communicated to society.
Given the low levels of AI uptake, the EU must work
out a communication and action strategy which would
help increase trust for the technology in the society.
Regarding the funding, it could draw it also from the
Erasmus+ programme which has benefitted from the
nearly doubling of its envelope throughout the new
programming period (2021–2027).194

4.7 Improve social safety nets to better manage
transition to AI-enabled future
While the evidence from the past waves of
automation does not support the narrative that AI
will cause mass unemployment, it could nevertheless
make an impact on the labour market. There appears
to be an agreement that, given the increased life
expectancy coupled with changes brought by the
continuous technological advancement, people
entering the job market now will have to change
professions more often.195 According to one estimate,
the Covid-19 fallout has sped up some processes, and
in advanced economies studied between 8 and 10
workers per 100 may need to change jobs by 2030.196
For economic development, labour mobility is good.
In fact, in Europe it must be increasingly encouraged,
not only within a country, but also across the EU
Member States. In an ideal situation, people should
be moving to better jobs — or any jobs — well
before they become unemployed. Whereas there is
a multitude of reasons why this does not happen,
one barrier is the rigidity and inadequacy of welfare
systems. Built in the postwar years when the priorities
and labour structure were different, the existing

welfare systems fail to sufficiently increase the
need for labour mobility and other groups such as
freelancers. There are three aspects in the EU’s welfare
systems worth highlighting that could be improved in
order to help the workers and the work of the future.
On a Member State level, unemployment benefit
conditionality that limits professional activity while in
receipt of such payments should be scrapped. Under
the current setup, newly unemployed are effectively
demanded to remain professionally idle while in
receipt of the relevant payments from the state.
Instead, they should be allowed to take employment
immediately or pursue other activities without the
fear of losing the benefits. Counterintuitively, such
a measure would likely be a benefit to both the
economy and the tax receipts. A professional who has
an opportunity to switch jobs as well as to trial new
ones — or start his or her own business — while being
guaranteed a limited safety net from the state would
spur economic activity and keep unemployment levels
in check. Meanwhile the budget revenues would have
a net positive effect from professionals who restart

185 ibid
186 ibid
187 See, for instance, Caleb, W. and D. Auer (2021) Encouraging AI adoption by EU SMEs, Progressive policy institute, March 2021. Available at: https://
eadn-wc05-3904069.nxedge.io/cdn/wp-content/uploads/2021/03/PPI_Encouraging-AI-adoption-by-EU-SMEs-3.24.21-2.pdf
188 German Digital Technologies (2021) Digital Landscape. Available at: https://germandigitaltechnologies.de/digital-landscape/mittelstand-4-0/
189 AI DIH network (2021) Project description. Available at: https://www.ai-dih-network.eu/project.html
190 European Commission (2021) ANNEXES to the Communication from the Commission to the European Parliament, the European Council, the Council,
the European Economic and Social Committee and the Committee of the Regions, Fostering a European approach to Artificial Intelligence, COM(2021) 205
final, April 21. Available at: https://ec.europa.eu/newsroom/dae/document.cfm?doc_id=75787
191 Spencer, D. et. al. (2021) Digital automation and the future of work, European Parliament, January 2021. Available at: https://www.europarl.europa.eu/
RegData/etudes/STUD/2021/656311/EPRS_STU(2021)656311_EN.pdf
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https://www.pewresearch.org/global/2018/09/13/in-advanced-and-emerging-economies-alike-worries-about-job-automation/
194 See, for instance, European Commission (2021) The new Erasmus+ programme for 2021-2027 has launched!, March 25. Available at: https://www.
eacea.ec.europa.eu/news-events/news/new-erasmus-programme-2021-2027-has-launched-2021-03-25_en
195 See, for instance, OECD (2019) OECD Employment Outlook 2019: The Future of Work. Available at: https://www.oecd.org/employment/EmploymentOutlook-2019-Highlight-EN.pdf
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their economic activity and pay taxes sooner rather
than later.
Furthermore, the social safety nets must better
capture the self-employed which across the
developed world is on the rise. Between 20 and 30
percent of working-age population across the EU and
the United States is already engaged in some form
of independent work.197 The Covid-19 pandemic has
further boosted such work forms.198 Due to the rise
of technological innovations, automation and the
demand for certain professions such as information
and communications technology professionals, it can
be reasonably assumed that more and more people
will have an opportunity to freelance. Seamless ability
to move between being employed and freelance
should be the norm.
It is beyond the scope of this paper to devise concrete
mechanisms, but the current situation where a
freelance worker is generally less socially protected,
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even if paying adequate taxes, must be changed.
Indeed, in the EU, one in two independent workers are
not covered by unemployment benefits.199 The fact
that some employees are clinging to their jobs just to
preserve certain benefits is neither good for societal
and economic progress, nor helps prepare for the
future.
Lastly, at the EU level, further work is needed in
bringing national social safety systems in sync. This is
not to suggest that employment benefit levels need
necessarily be harmonised or that social policies
become an EU competence. Rather, under the current
setup labour mobility across borders is implicitly
stifled also because the pace of transferring various
social security rights is a slow process. Especially
contract workers with specific skill-sets such as
people who could help promote AI development
should be able to make full use of the EU’s internal
market.

4.8 Pursue international cooperation, not isolationism
While the Commission states that it will “intensify
efforts in bilateral exchanges with third countries
through structured dialogues and joint initiatives
on AI,”200 related moves have recently pointed in
the opposite direction, as discussed in the previous
chapter.
The EU’s ambition for strategic autonomy should not
lead to protectionism or isolationism, whether

in relation to AI or any other field. Only through
cooperation are the greatest strives made. Going
alone is to fall behind, especially for the EU in the AI
field. Strategic partnerships must be reinforced with
countries that share the same democratic values and
respect civil liberties. Given the EU’s focus on ethical
and trust issues related to AI, the bloc can reconfigure
its high-level expert group on AI (HLEG) and extend
invitations to third countries that embrace these values.

197 European Commission (2021) Self-employment on the rise. Available at: https://knowledge4policy.ec.europa.eu/foresight/topic/changing-nature-work/
self-employment-rises-women-are-more-solopreneurs-then-men_en
198 Gilchrist, K. (2020) demic has boosted freelance work — and hiring for these jobs is booming, CNBC, July 7. Available at: https://www.cnbc.
com/2020/07/07/freelance-work-grows-amid-covid-19-math-stats-game-hiring-in-demand.html
199 European Commission (2021) Self-employment on the rise. Available at: https://knowledge4policy.ec.europa.eu/foresight/topic/changing-nature-work/
self-employment-rises-women-are-more-solopreneurs-then-men_en
200 European Commission (2021) ANNEXES to the Communication from the Commission to the European Parliament, the European Council, the Council,
the European Economic and Social Committee and the Committee of the Regions, Fostering a European approach to Artificial Intelligence, COM(2021) 205
final, April 21. Available at: https://ec.europa.eu/newsroom/dae/document.cfm?doc_id=75787
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CONCLUSION
Throughout the past century, the great achievements
in automation have vastly contributed to labour
productivity which increased the economic growth
of the developed world and helped improve the
living standards of those societies. The people in
high income countries work fewer hours, take more
vacations and live longer than did their predecessors
a century ago. By one calculation, if an American
worker in 2015 were wishing to have income levels of
an average worker in 1915, she could achieve that by
working only about 17 weeks per year.201
The promise of AI for societies and economies alike
is big, as this study has partly illustrated. It is not
merely an option, but a requirement to embrace the
possibilities it offers if the living standards continue
to improve. This especially applies to the EU where
low levels of labour productivity and ageing societies
are dragging economic growth and eroding the bloc’s
competitiveness.202
The EU is well placed to reap the benefits that AI
offers and can afford the investment necessary to
promote and stimulate homegrown research and

development of the technology as well as the uptake
of it by the bloc’s companies. Unfortunately, this is
hardly happening. The public investment levels in AI at
the EU level are vastly inadequate, enterprises are not
adopting the technology on a sufficient scale and, as
a consequence, the people are losing out. The primary
focus of the EU strategy on AI is on how to make it
more accountable, trustworthy and safe. While notable,
the rest of the world is moving ahead. The EU risks
the situation where it will be shaped by technologies
developed elsewhere, while the bloc is busy refining
world-class AI regulation and ditching international
cooperation in favour of “strategic autonomy.”
As this study implicitly shows, it does not need to be
that way. While preserving its values and objectives
in pursuit of high-standard AI, the EU can in the
meantime create a competitive environment for
innovation and deployment of the technology. At
the same time the EU’s new and unprecedentedly
big budget and the recovery packages can play their
part through allocation of more resources to promote
research and uptake of AI. It is high time the EU uses
this opportunity.

201 Autor, D. H. (2015) Why Are There Still So Many Jobs? The History and Future of Workplace Automation. Journal of Economic Perspectives, Vol. 29 Nr.
3, pp. 3-30. Available at: https://economics.mit.edu/files/11563
202 de Finance, S. (2020) EU competitiveness and global growth, European Parliament. Available at: https://www.europarl.europa.eu/RegData/etudes/
BRIE/2020/652060/EPRS_BRI(2020)652060_EN.pdf
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