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Abstract
Massive improvements in deep learning methods have led to several new industrial artificial intelligence (AI)
applications that made AI relevant for every company that aims to keep competitive. Thus, AI is no longer a matter
for the global Tech Companies only, but also concerns any small and medium-sized enterprise (SME). This paper
examines the degree of dispersion of AI in SMEs in north-western Germany and reveals barriers and concerns when
it comes to the deployment of industrial AI applications. Therefore, selected SMEs were surveyed in a standardised
online survey. Currently, AI is rarely used by SMEs in north-western Germany. Few SMEs are concerned with
developing their own applications, because this process is very expensive, lengthy and often comes with a high risk
of failure. Rather, SMEs increasingly rely on AI-as-a-service and prefer to use cloud-based solutions. There are various
reasons that make companies hesitate. Perceived barriers depend on the current implementation status of SMEs, also
indicating data-related misconceptions and a lack of know-how.
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1. Introduction
The topics of digitalization and Industry 4.0 are omnipresent, daily reminding business leaders of its chances and the
consequences of a delayed or missed entry. Actively participating in and shaping this transformation has also become
a necessity for small and medium-sized enterprises (SME) (Pelletier & Cloutier, 2019; Fersht, et al., 2018). Nowadays,
digital transformation of society and economy is in full swing, offering companies in all industries numerous chances
to develop at different levels. Innovative technologies such as artificial intelligence (AI) create new opportunities and
solutions where humans and systems have reached their limits (Wangler & Botthof, 2019). Comprehensive data
streams, which arise through an intelligent merging of IT-system and the use of cyber-physical systems (CPS), can
only be systematically evaluated with the use of AI. Measures and decisions are not only proposed based on data, but
are also used to directly control devices and processes, taking Industry 4.0 to the next level (Veit, et al., 2017; Duan,
et al., 2019). The methods of learning in deep layers from artificial neurons give a wide range of use cases,
fundamentally transforming society and economy (Makridakis, 2017).
Not least because AI is considered one of the most important future technologies, German Government developed a
national strategy for AI. Its stated goal is to maintain and to expand German economics good competitive position
through a wide application of AI based technologies and tools (Bundesregierung, 2018). Industrial AI applications are
crucial to succeed. Data can only be processed efficiently and be interpreted for the benefit of companies and their
customer, if AI tools are successfully applied to industrial settings. In particular, a transfer to SMEs is crucial, which
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are the backbone of German economy. However, there is some risk associated with the implementation of AI to
generate negative value that leads many SMEs managers to delay the adoption of AI technologies and tools. (Taddeo
& Floridi, 2018; Canhoto & Clear, 2019) The aim of this paper is to reveal and compare the degree of dispersion of
Industrial AI application in SMEs in Northwestern Germany. Further, the question arises what makes SMEs hesitate
to adopt and apply AI technologies.
The SME definition of the European Commission is used for the remainder of this research. Accordingly, SME are
enterprises that employ less than 250 employees and either have a turnover not exceeding 50 million Euro or an annual
balance sheet not exceeding 43 million Euro. (European Commission, 2003)

2. Method
In order to determine the prevalence of AI in SMEs a web-based (online) survey was conducted between September
and October 2019. There are several benefits to web-based surveys making them popular among researchers. Besides
built-in features for data cleaning and a wide range of design tools to improve respondents experience while taking
the survery (Monroe & Admans, 2012) it allows for an easy and quick participation (Israel, 2011). However, webbased surveys often suffer from low response rates (Rice, et al., 2017).
The survey included questions looking for answers of a categorical nature, related to the status quo of AI usage.
Further, ordinal data relating to perceived hinderers, perception and likelihood of future applications were collected.
Likert scales are used for direct estimation, allowing respondents to express an opinion on a series of statements.
To answer the question a profound knowledge of the status quo and a qualified assessment of the company’s future
was required. Thus, the distribution lists of various regional associations and institutions were filtered to only contact
people who held a corresponding position that allows for access to relevant information. A total of 357 representatives
of SMEs in the north-western region of Germany were contacted.
In order to receive higher response rates and to ensure that only invited people participate in the online survey,
personalized serial emails with individual delivery IDs were sent via SoSci Survey. Further measures taken to boost
response rates are (Monroe & Admans, 2012; Nulty, 2008):
1) Questionnaires are kept brief and potential participants were informed about the approximately time of
completion, beforehand.
2) Anonymity of responses was assured to avoid any concerns of respondents.
3) A brief introduction into the research topic was given via mail and at the beginning of the survey to underline
professionalism and to persuade respondents that their participation is of high value.
According to Ballantyne (2003) the effect of these measures are additive.

3. Results
357 representatives of SMEs in the north-western Germany were contacted. Respondents who failed to completely
answer the questions were excluded from the analysis. A total of 98 company representatives, which completed the
questionnaire, were enrolled. This results in an overall response rate of 27.4 per cent. The number of enrolled responses
breaks down by industry as depicted in Figure 7.
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Figure 1 Respondents by industry in absolute numbers
Around 90 per cent of the companies enrolled in this online study do not use AI. However, a quarter of these are
planning to deploy AI in the medium term. So far, only nine companies deployed AI, with four of them using two or
more AI applications within their company. All four were using AI as-a-service among others. When it comes to the
first AI application in SMEs four started with AI as-a-service, while only two developed their own applications first.
It can be stated, that companies that started with AI as-a-service are more likely to deploy another AI application.
However, due to a low sample size no statistical test can be performed.
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Figure 2 Type and prevalence of AI used in SMEs
With an eye to the implementation status, participating companies are divided into three groups: Pioneers,
Procrastinators, and Deniers. Pioneers are among the first SMEs in this region to deploy AI, while procrastinators are
not there yet, but actively plan to deploy there first AI application within the next two years. (Figure 2) A total of 31
companies deal intensively with the use of AI.
The share of manufacturing and energy sector is highest in percentage terms. Almost half of these companies tinker
with industrial AI applications and are about to implement it or already put it to practice. Construction sector seems
to be the most conservative on that score. The results indicate industry-specific differences. However, sample size is
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only large enough for the service and manufacturing sectors. Surprisingly, companies of the manufacturing sector are
more eager to apply AI to their processes and products. (X² (1, N=55) = 4.488, p<0.035)
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Figure 3 Industrial AI applications divided by idustry
While most of companies are currently using AI as part of a service, the majority of procrastinators plan to deploy AI
to their processes. The use of AI as part of a product plays a subordinate role for companies, today and in the medium
term. A single percent plans to apply AI to their products, while almost three quarter of procrastinators want their
processes to benefit from AI support.
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Figure 4 Use of AI in SMEs (n=31)

Asked about the relevance of AI applications for different business areas of their company, respondents see big
potential for AI applications in almost all areas of the value chain. Over 80 per cent of respondents consider production
to benefit from AI applications. Further it can be stated, that the majority of respondents belief that Customer Service
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(69 per cent of respondents agreed or strongly agreed) and Logistics (56 per cent) gain from AI applications. On the
other hand, most reject the use of AI in accounting and human resource. IT shows highly diverging results. One third
of respondents strongly disagreed when asked if AI should be deployed in their IT department. In contrast almost the
same amount of participant strongly agreed to the application of AI in IT. Purchasing is also quite balanced with only
a few being neutral. The use of AI in marketing and R&D is particularly neutral. It may surprise that AI applications
only play a minor role in accounting. Here many processes can be digitalized, though. However, for SMEs
deterministic algorithms are often sufficient.

Production
Customer Service
Logistic
Purchasing
Marketing
IT
Research and Development
Accounting
Human Resource
0%

10%

strongly disagree

20%

30%

disagree

40%
neutral

50%
agree

60%

70%

80%

90%

100%

strongly agree

Figure 5 Relevance of AI application for different business areas
Survey results on the relevance of AI applications show that SMEs consider AI supported quality control of products
and services as highly important. Over 75 per cent voted either important or highly important. Predicative maintenance
(68 per cent) and logistic processes (57 per cent) are considered just as important as the use of knowledge management
system. Although Chabot and Language assistant systems are quite common nowadays, there use in SMEs is seen as
not so relevant. However, some 20 per cent also belief that Language Assistants are important for their companies,
with some already using it. Likewise using AI for optimization in resource management and for controlling robots are
not considered to be top priorities for SMEs.
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Figure 6 How important are these AI applications for your business?
Although the majority of companies consider the use of quality control, predictive maintenance or logistic processes
to be useful for their company, only a third of the companies deal with the concrete, medium-term implementation.
(cf. Fig. 2) Thus, the question arises as to what hinders companies from using AI. Figure 6 shows the fifth most
frequently mentioned barriers in this survey.

Figure 7 Barriers to progress of AI in SMEs
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Results differ with regard to the current implementation status. While the lack of data is a main reason for further
implementations for pioneers, procrastinators and deniers tend to a lack of know-how. Almost all deniers shy away
from an introduction due to a lack of know-how or because of deterrent costs. The more companies deal with AI and
the more concrete their implementation plans become, the less they see a lack of market maturity of existing
technologies and the costs a barrier. Instead, awareness of a missing or insufficient database continues to grow.
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Figure 8 Top 5 reasons why Deniers are dealing with AI
Deniers have several reasons that stop them from intensively dealing with AI. Figure 8 lists the Top 5. Seven out of
ten SMEs believe that their current state of digital maturity is insufficient and that they have to care about digitalization
first, before they can move on to adding AI to their digital strategy. More than half of SMEs also state that it is hard
to compete with the big ones when hiring AI specialists (63 percent). This concern is followed by the believe that the
quantity of data is insufficient to properly train an AI application (58 percent) and the problem to identify necessary
use cases and algorithms. Satisfying privacy concerns and meeting regulatory requirements are not within the Top 5
for SMEs.

4. Discussion
AI is one of the key technologies that drives the current technical revolution. It is often revered to be the next wave of
digital change. However, many companies believe that they have to master the digital transformation first before they
can deal with AI. Most miss the fact that AI can be an accelerator for digitization. (Caruso, 2018) Many of the tasks
that are time-consuming in the context of digitization projects can sometimes be more easily solved or significantly
accelerated by the help of AI. For example, analogue data can be digitized, clustered and pre-sorted quite easily using
computer vision. Thus, digital systems are populated quicker.
Currently, AI is rarely used by SMEs in north-western Germany. There are various reasons that make companies
hesitate. Few SMEs are concerned with developing their own applications, because this process is very expensive,
lengthy and often comes with a high risk of failure. Rather, SMEs increasingly rely on AI-as-a-service and prefer to
use cloud-based solutions. Hereby they focus on deployments for production, logistics and customer service. Besides
a strong focus on operational processes of SMEs, this might also be due to the numerous prominent use cases,
particularly in the production and logistic settings. The use of AI is least likely in HR for SMEs. On the one hand,
social skills play an important role in human resources. Especially when it comes to assessing social skills, it is difficult
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or even impossible to replace people’s intuition with machines or computer systems. On the other hand, SMEs often
do not receive an excessive number of applications for advertised positions. Thus, there is less need for using AI in
the selection process than in larger companies. In addition, ethical concerns about the use of AI systems in human
resources are also conceivable. Further, it is striking that the majority, particularly in the area of R&D and marketing,
are neutral about AI. Only few, do not consider it important for their marketing efforts, keeping in mind that some
tend to neglect the subject. This also reflects that many see a need of support in this areas, but do not know about
specific use cases. Marketing and R&D are strongly linked to humans and their creativeness and knowledge. Thus, it
is harder to imagine specific use cases. The selection and definition of possible use cases on the one hand and the
flood of possible algorithms and platforms on the other hand represent a major challenge, keeping many SMEs from
dealing with AI. Consequently, successful use cases should be better marketed in these areas and tools helping SMEs
to select the most relevant ones are needed.
Results further showed that perceived barriers depend on the current implementation status of SMEs. While Pioneers
name database to be one of the main problems, deniers consider the lack of data to be less critical. It is reasonable to
assume that as the issue of AI increases, there is a rethink regarding the necessary database. The reservation that the
quantity of data is crucial for AI projects, with increasing knowledge is replaced by an understanding that rather the
quality of data is crucial then sole quantity. Any successful AI heavily depends on the quality of its underling data.
Thus, data collection as well as data preparation are the most time consuming tasks in developing industrial AIapplications. Hereby a high data quality often helps to overcome limited data. Bad data, on contrary, is a knock-out in
developing sophisticated algorithms. This knowledge must be available at an early stage in order not to jeopardize
successful implementation. However, SMEs are currently complaining about the lack of know-how and are often
faced with the problem of luring AI specialists, which is why AI is considered a technology of large companies, even
if it is said to have a lot of potential. SMEs therefore often rely on external specialists. This also contributes to the fact
that the costs of AI projects are viewed as a major barrier. However, even if SMEs rely largely on external specialists
and increasingly use AI-as-a-service applications, it is crucial that the own staff understand how to handle data, how
to design and structure such problems and how to stay aware of emerging opportunities. These skills have to be
developed. Best in day-to-day business. This also includes increasing the awareness for privacy concerns and
regulatory requirements. Therefore, all industries have to establish valid privacy rules. In addition, an intuitive
understanding of AI should be established at executive level, so that SMEs do not miss leveraging AI benefits.
Internet surveys as such are not representative of the total population. However, they open new dimensions in the
interrogation of experts. For future research, results of this quantitative study should be compared to the assessment
of experts, concerning the relevance of use cases and industrial AI applications for SMEs.
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