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Artificial intelligence (AI) is seen as a future technology. It
is deemed to have high growth potential and the qualities
of a game changer in many sectors. Artificial intelligence
also occupies a key position because it is closely linked to
other digital technologies, and digital technologies are
generally becoming increasingly important in many other
fields of technology.
However, German SMEs have been very slow to take up
artificial intelligence. Only 4% of SMEs use AI in their
business. Most of these are companies that are working
hard on digitalisation (12% of businesses with expenditure
of EUR 15,000 and more on digitalisation each year),
have a digitalisation strategy (13%), and conduct research
and development (R&D) of their own (20%). This suggests
that the use of artificial intelligence probably faces major
obstacles in SMEs, the most prominent of which is the
likely a shortage of skills.

ical and information technology methods that have the ability
to solve specific application problems and are capable of
self-optimisation while emulating aspects of human intelligence. 2 The 'weak' artificial intelligence thus described aims
to make predictions and recognise patterns. 'Strong' or general artificial intelligence is defined as systems that match or
even surpass human abilities in a variety of tasks. An AI system of this type develops own problem situations and systematically looks for possible solutions. However, such systems are still in a very early stage of development. They are
not expected to be ready for application in the coming decades. 3
Figure 1: Use of artificial intelligence applications in the
SME sector
In percent
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Other countries have already developed broad expertise
in AI, so it is unrealistic to expect Germany to catch up
quickly on AI development. This needs to be viewed critically. Given the high growth potential and broad range of
applications of AI, it appears to be particularly important
for Germany to become internationally competitive, at
least in its application.
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In addition to promoting the use of AI with funding, it is
also necessary for businesses to gain expertise in its use.
Key starting points are the activity of digital competence
centres, basic and advanced training and advice from
specialist service providers. Furthermore, making
improvements to enabling conditions can promote the use
of artificial intelligence. These include, for example, putting
in place the legal framework, a standardised data infrastructure and an adequate internet connection.
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The structural transition towards digitalisation is bringing
about profound changes to the ways in which value is generated, how enterprises and trading structures evolve, and how
we communicate and interact with each other. The
importance of the digital transformation for business, the
political sphere, science, civil society and culture can hardly
be overestimated – irrespective of the sector. Artificial intelligence as a key technology of digitalisation plays a central
role in this.
Thus far, however, there is no generally accepted definition
of artificial intelligence. 1 The German Federal Government
defines artificial intelligence as systems based on mathemat-
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Note: Figures extrapolated to the number of enterprises.
Source: KfW SME Panel 2019, own calculations

The term artificial intelligence is not a new one but goes back
to the 1950s. Rapid improvements in data storage and processing technologies, however, have accelerated progress in
development and opened up broader fields of application in
the past years.
Artificial intelligence holds great potential
Numerous studies see artificial intelligence as having great
potential to add value. A study by McKinsey 4 predicts a
potential contribution of 1.2 percentage points to global GDP
growth by 2030, while an Accenture study 5 forecasts an
increase of 2 percentage points in annual global gross value
added by the year 2035. The market value of artificial intelligence for German enterprises is estimated at EUR 1.5 billion
for the year 2020. Significant growth in market value is being
expected. 6
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Positive effects of using AI can also be identified at company
level. Enterprises that use artificial intelligence are more likely to bring innovation to the market, generate higher returns
and increase their workforce more strongly than others. 7
Artificial intelligence offers a wide range of applications
Artificial intelligence can be used in radiological imaging, for
example, to detect tumours which the human eye may overlook. Recommendation algorithms in online trade learn from
internet users’ consumption patterns and can generate purchase suggestions or even predict future purchases on the
basis of past purchases or clicks on relevant websites. Artificial intelligence enables the smart automation of processes
in production and logistics, such as learning (production) systems, predictive maintenance of plant and machinery and
new forms of human-machine interaction in manufacturing. In
product innovation it enables the development of intelligent
products and services which promise additional service features and consumer benefits (e.g. tailor-made offerings)
through the analysis of real-time user data, as well as completely new product features (e.g. driver assistance technology and autonomous driving). Finally, AI applications can be
used to generate completely new business models such as
digital platforms. Not least, the use of artificial intelligence
can also be helpful in the fight against the coronavirus pandemic. 8
However, artificial intelligence can also produce outcomes
and be used for activities that must be viewed critically. Thus,
AI models can generate racist or sexist outcomes or be used
to surveil citizens, discriminate against or persecute minorities, or control autonomous weapons systems. 9 Germany
and Europe can bring their values to bear in the development
of artificial intelligence as a way of influencing how it will be
developed further and how it will be used.
Artificial intelligence is a game changer
AI-based solutions can lead to fundamental realignments of
traditional business models in many areas and set the course
of future value creation processes. Digital platform markets
are a good example of this. 10 The use of artificial intelligence
enables the various offerings on a platform to be efficiently
matched with users' preferences. This lies at the core of
many digital platforms, and it is what makes them attractive
in the first place. As the matching quality – based on the matching algorithm and the availability of large quantities of data
– determines success, it also enables businesses unrelated
to the industry to be very successful in platform markets.
Network effects that generate high user engagement are a
further feature of such markets. The use of artificial intelligence generates additional self-reinforcing effects. A high
number of users enables the artificial intelligence used to be
better trained with the aid of the large available data quantities and to improve the matching, which makes the platform
even more attractive for the users and makes it more difficult
for competitors to enter the market. These winner-takes-all
effects subsequently lead to a high concentration of few large
enterprises in the relevant markets. 11
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The game changer qualities of artificial intelligence include
the phenomenon known as digital technology convergence.
This refers to the coming together of multiple technologies
across industries. Developments in one technology stimulate
and accelerate further development stages in other digital
technologies. Progress in computing power and data availability, for example, facilitate the further development of artificial intelligence. AI itself is closely linked to technologies
such as virtual reality, cyber security, internet of things and
autonomous driving. This correlation is enhanced by the fact
that digital technologies are also becoming increasingly
important in other technological fields. 12
Germany is not a leader in artificial intelligence
Policymakers have recognised the importance of artificial
intelligence and made available EUR 3 billion in promotional
funds up to the year 2025 under the German Federal Government's Artificial Intelligence Strategy, which was adopted
in 2018 and has since been topped up by a further EUR 2 billion.
However, this should not hide the fact that Germany is lagging behind the US and China in artificial intelligence. Relatively few actors are developing artificial intelligence, mainly
in the US and China. Thus, in the year 2018 alone, US companies submitted more than 2,700 transnational patent applications 13 in artificial intelligence. China's patent applications
totalled just under 1,550. By comparison, German companies
filed just over 400 transnational patent applications in the
field of AI. 14 With the forerunner countries continuing to pursue ambitious AI strategies, there is reason to doubt that
Germany will catch up with them in artificial intelligence in the
near future.
Few small and medium-sized enterprises use artificial intelligence
Against this background, we examined the use of artificial
intelligence by SMEs in Germany. In the period from 2016 to
2018, a mere 4% of SMEs used applications of artificial intelligence in their business (including a negligibly small portion
of enterprises actively engaged in co-developing applications
of artificial intelligence as providers). 15 Thus, a deep chasm
exists in the use of artificial intelligence between SMEs and
large enterprises, of which just under one third already use
artificial intelligence, according to calculations by the Centre
for European Economic Research (ZEW). 16 At the time of the
survey, a further 2% of SMEs had plans to start using AI by
mid-2021, and 9% were at least considering it (Figure 1).
Thus, the use of artificial intelligence in the SME sector is limited to a small portion of companies. It is much lower than the
use of digital platforms with 38%, for example. 17 This is
probably due primarily to the fact that not all SMEs have
identified possible uses of artificial intelligence and major obstacles to its use exist in the company.
Among other things, the use of artificial intelligence requires
intensive engagement with the topic. This is evident from the
fact that more than one third of employees who are engaged
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with the use of artificial intelligence devote most of their working hours to this topic. 18 Such intensive engagement overwhelms the available resources of small businesses in particular.
Even large SMEs use artificial intelligence only rarely
With only 6% of companies, even large SMEs with 50 and
more employees make little use of artificial intelligence (Figure 2). This underscores the high barriers which even large
SMEs face. So it is possible that insufficient economies of
scale impede its use in small businesses. The slightly more
frequent use of AI applications by large SMEs may also mask
the often observed correlation that large enterprises are generally more active in digitalisation than small businesses.
Figure 2: Use of artificial intelligence by enterprise size
In per cent

Figure 3: Use of artificial intelligence by economic sector
In per cent
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Employing graduates facilitates the use of artificial intelligence...
Figure 4 shows the use of artificial intelligence according to
different indicators of the knowledge base existing in a business. In enterprises that employ university graduates the
share of AI users is 8% – significantly higher than in enterprises that do not. This is probably because human capital is
generally an important source of innovation. Having employees with a university degree is a strong driver for the implementation of such projects in enterprises. 23
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This is probably due in part to the fact that they are more likely to have uses for digital solutions given their broader activities and greater orientation to mass markets. 19 Not least,
large SMEs are likely to be in a better position to employ
specialists in artificial intelligence and therefore are more
likely to possess the necessary expertise for its use. 20
Knowledge-based service providers are forerunners
The sector comparison shows that companies in the
knowledge-based services sector top the list with a share of
users of 7% (Figure 3). These include, for example, media, IT
and information services, law firms, tax consultancies and
management consulting firms. Here, too, there are similarities to digitalisation activities as a whole. In this sector, the
share of enterprises with completed digitalisation projects is
also higher. 21
By contrast, usage rates hardly differ between the other economic sectors thus far. This is a bit surprising with regards to
R&D-intensive manufacturing, for example, which includes
mechanical engineering, electronics and chemicals. These
are typically more likely to be among the pioneers of digitalisation. 22 In any event, these sectors exhibit strong growth in
adoption, which indicates that enterprises in these sectors in
particular will at least catch up with or even surpass the forerunner sectors in the foreseeable future (Figure 8).

Particularly with respect to artificial intelligence, what is likely
to be crucial is that in addition to programming skills, working
with applications of artificial intelligence requires mathematicstatistical skills. 24 Importantly, there still tend to be few standards for AI applications and corresponding tools, which
requires users to work out at least some adjustments individually for specific application cases. Tertiary graduates are
also more likely to possess these skills.
Figure 4: Use of artificial intelligence by in-house
knowledge basis
In per cent
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Note: Figures extrapolated to the number of enterprises.
Source: KfW SME Panel 2019, own calculations
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... as does having a digitalisation strategy...
At 13%, the proportion of SMEs with a company-wide digitalisation strategy that use artificial intelligence is even higher.
These enterprises use artificial intelligence over four times
more often than enterprises that have no digitalisation strategy. Having a digitalisation strategy shows that the enterprise
is closely examining the opportunities and challenges
involved, is building expertise, and has derived conclusions
from this for its further course of action. This is the process
which the relevant enterprises are likely to have followed to
identify the application cases for digital intelligence in their
business.
... and, in particular, own R&D activities
In enterprises that conduct their own research and development (R&D), the share of AI users is even nearly 7 times
higher, at 20%. Having own R&D activities is thus the key
driver for companies to use artificial intelligence. It indicates
that the company is systematically engaged in developing
and implementing innovations using a scientific approach. 25
With respect to artificial intelligence, conducting R&D can be
essential, as around two fifths of AI users indeed develop
their applications at least partly themselves. 26
Even in those businesses that do not develop AI applications
themselves there is reason to suspect that scientific work
promotes the development of expertise, structures and attitudes in the company that benefit the introduction and use of
artificial intelligence. Examples include in-company input to
the use of externally acquired AI applications and communicating the benefits of AI use in the company. Overall, these
findings thus indirectly confirm the recognition that lack of
expertise represents a crucial barrier to the use of artificial
intelligence in many enterprises. 27
Figure 5: Use of artificial intelligence according to how
much an enterprise spends on digitalisation
In per cent

No digitalisation expenditure

nothing on digitalisation to 12% in enterprises with the highest digitalisation expenditure (EUR 15,000 and more). Thus,
the share of AI users in this group is six times higher than in
enterprises that spent nothing on digitalisation in 2018. This
increase underscores that the use of artificial intelligence is
currently limited to enterprises that are intensively engaged
with digitalisation. With a view to the two fifths of enterprises
that co-develop their AI applications themselves, this presumably also reflects the high development costs of AI applications. 28
Use of artificial intelligence also depends on the age of
the workforce
Finally, the use of artificial intelligence is also determined by
the age structure of a company's workforce. With respect to
employee age, a clear trend is discernible (Figure 6). Businesses with a high share of young workers are nearly twice
as likely to use artificial intelligence as companies with a lower share of young workers.
Studies have come to the conclusion that young people in
particular use digital technologies sooner in their day-to-day
work than older workers. 29 The broad dissemination of artificial intelligence in enterprises with young employees is likely
due to the fact that younger people are more willing to
embrace and more familiar with digital technologies. This
finding corroborates the importance of digital natives for successful digitalisation, an aspect that is often emphasised in
the public debate.
Figure 6: Use of artificial intelligence by age structure of
workforce
In per cent
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Use of artificial intelligence grows with rising digitalisation expenditure
Figure 5 shows the use of artificial intelligence by level of
annual digitalisation expenditure. Its use rises with the level
of expenditure from 2% in the group of enterprises that spend
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Figure 7: Use of artificial intelligence by age of enterprise

is concentrated in a small number of enterprises. These are
mainly enterprises that are heavily involved in digitalisation,
have a digitalisation strategy and conduct their own R&D.
This probably reflects the fact that lack of expertise in particular hampers growth in the use of artificial intelligence in
SMEs.
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By contrast, no clear link to company age is discernible for
the use of artificial intelligence. Very young enterprises use
artificial intelligence most often but so do enterprises in the
highest age brackets (Figure 7).
Use of artificial intelligence is expected to grow strongly
Asked about their plans for the next two years, a considerable number of enterprises responded in the first half of 2019
that they were planning to start using artificial intelligence in
the next two years, or at least considering it. If all businesses
put these ideas into practice, significant increases in usage to
as much as around one third of enterprises are likely, particularly among large SMEs. At sector level, the usage rate in
R&D-intensive manufacturing in particular would increase
many times over. Besides, the group of users among enterprises with a digitalisation strategy would grow to just under
two fifths, and to almost half of those enterprises that conduct
R&D (Figure 8).
Not least as a result of the coronavirus crisis, obviously not
all enterprises can be expected to implement their plans and
decide to introduce the use of artificial intelligence. 30 Even if
only a portion of them begins to use artificial intelligence, a
significant spread of the usage rates among the business
characteristics examined here can be expected. In any case,
these rates reflect the interest which many small and medium-sized enterprises have in this new technology.
Conclusion
Artificial intelligence is a future technology that is believed to
have strong growth potential. This potential results from the
range of possible applications and their potential to become
a game changer in many industries. Another reason artificial
intelligence plays a key role is that it is closely intertwined
with other digital technologies, and that digital technologies in
general are gaining importance in many technological fields.
Artificial intelligence – like other digital technologies – is not
one of Germany's traditional strengths, however. Nor is it
being widely used in Germany's SME sector thus far. Its use
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Other countries have already developed strong technological
competence in artificial intelligence, and it appears rather
unlikely that Germany will be able to catch up with them within just a few years. So in the interest of a 'fast follower strategy', which has been deemed to be successful for Germany in
some technological fields in the past 31, it appears to make
sense to aspire to become internationally competitive in the
application of artificial intelligence without at the same time
neglecting efforts in the field of AI research.
Besides promoting the application of this technology with
finance, there appears to be a need for businesses to develop skills in its use. The digital competence centres that were
established in the past years play an important role here, as
does increased workforce training and professional development. This includes expanding relevant courses at schools,
universities of applied sciences and universities. Specialised
service providers can also play an important role in advising
existing and potential AI users.
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Furthermore, making improvements to enabling conditions
can accelerate the use of artificial intelligence. Among them
would be steps to make legal provisions more international in
order to counteract the fragmentation of markets and create
legal security. This would also mean generating a standardised data infrastructure, as is being attempted under the
Gaia-X initiative, for example. Finally, an adequate infrastructure in the form of fast broadband or mobile internet is necessary in order to better exploit the potential.
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