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Abstract

Digital technologies have gained significant importance in the course of the 4th Industrial Revolution and
these technologies are widely implemented, nowadays. However, it is necessary to bear in mind that an ill-
considered use can quickly have a negative impact on the environment in which the technology is used.
For more responsible and sustainable use, the regulation of digital technologies is therefore necessary
today. Since the government is taking a very slow response, as the example of the Al Act shows,
companies need to take action themselves today. In this context, one of the central questions for companies
is: "Which digital technologies are relevant for manufacturing companies in terms of regulation?” This
paper conducted a quantitative Delphi study to answer this question. The results of the Delphi study are
presented and evaluated within the framework of a data analysis. In addition, it will be discussed how to
proceed with the results so that manufacturing companies can benefit from them. Furthermore, the paper
contributes to the development of an Al platform in the German research project PAIRS by investigating
the compliance relevance of artificial intelligence applications.
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1. Introduction

In today's world, there is a noticeable trend towards mandatory and comprehensive transparency and trust
in corporate compliance and governance due to requirements imposed by legislators and regulators [1].
Nowadays, information and information technology (IT) must be considered as part of these compliance
efforts in the company [2]. This takes into account the increasing relevance of the operational resource
information as a production and competitive factor [3]. In addition, it is to be expected that the legal and
regulatory requirements relating to IT will increase for companies in the future [4]. Beyond this
assumption, new digital technologies, such as artificial intelligence or edge computing, are among the
central building blocks of the digital transformation, in addition to traditional information technology [5].
These must also be taken into account in the future compliance efforts of companies, as they are a central
component on the path of digital transformation. In the case of artificial intelligence, for example, the EU
Commission has published a regulation on artificial intelligence (Al) with the aim of using the technology
in accordance with the values, fundamental rights and principles of the Union. [6]

These developments in the field of artificial intelligence in recent years and months exemplify the need for
compliance in the use of digital technologies in companies. Thus, there is a need for support for companies
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to systematically create compliance guidelines for a variety of digital technologies that are used in
manufacturing companies.

This paper presents the first model in a series of four models to address the problem of compliance for
digital technologies in manufacturing companies. Therefore, the compliance-relevant digital technologies
must be identified and structured, as well as a blueprint and guideline for creating regulations must be
developed. This paper provides the basic foundation for the project and describes the identification of the
compliance relevance of digital technologies by a Delphi study. The overall research goal is to enable
companies to formulate compliance regulations for digital technologies in systematic ways. The interim
results of the first model, discussed in this paper, highlight the relevance of the topic and provide an
assessment of various digital technologies in terms of compliance relevance.

The remainder of this paper is organized as follows. Section 2 reviews the literature regarding compliance
of digital technologies and Delphi studies. Section 3 presents the Delphi study design and the study
conduction. Then, in section 4 the collected data is described. This is followed in section 5 by an analysis
of the data and a presentation of the key findings. Finally, section 6 contains a discussion and section 7
presents a conclusion and an outlook.

2. State of the art

This section summarises the previous activities in the field of compliance of digital technologies. It also
briefly introduces the scientific basis of the Delphi study.

2.1 Compliance of digital technologies

In the literature, there is a two-sided view of compliance of digital technologies. On the one hand, there is
the understanding that digital technologies can support the detection of compliance violations in order to
counter compliance risks. This understanding is often also found under the keyword digital compliance.
On the other hand, there is the understanding that the use of digital technologies must take place under
defined rules. [7] The understanding of compliance of digital technologies on which this paper is based
corresponds to the second view. A prominent example of this understanding is the Al Act of the EU
Commission, which aims to make Al safe, transparent, ethical, impartial and under human control. [6] The
EU's proposal establishes a grading of Al application based on risk. In addition to the assessment of risk,
corresponding rules are also defined for use depending on the risk. For example, social scoring is to be
banned due to the high risk, and chatbots with a low risk will be subject to transparency obligations in
order to enable users to decide if they want to take advantage of them. [6] So far, there are no holistic
approaches to describe compliance of digital technologies. Only Al as a lighthouse project is being
examined with regard to these aspects.

2.2 Delphi Study

The Delphi study has been used since the 1950s and has existed in various forms. Available publications
offer a broad spectrum of different definitions and interpretations of the Delphi study. [8] Delphi studies
aim to solve complex problems and questions with the help of the knowledge of many individual experts
[9]. For this purpose, selected experts from different domains are consulted [8]. According to HUTTNER,
the Delphi study can be classified as a more formalised expert survey [10]. Especially in comparison to the
method of an open group discussion, the Delphi study, due to its anonymity, does not allow a change of the
individual judgement by orientation on the answers of others [8]. However, since several rounds of
questioning are carried out, it is possible to communicate the evaluated results of a wave as feedback to the
participants, so that they reflect on their answers in a targeted manner [10]. This results in a prognosis or
solution for the addressed problem that is superior to an individual performance and brings the advantages
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of a group performance [9]. HADER divides Delphi studies into four different types, each with its own
profile.

Type 1: Delphi studies for the aggregation of ideas.

Type 2: Delphi studies for the most accurate possible prediction of an uncertain issue or for its precise(r)
determination.

Type 3: Delphi studies to identify and qualify the views of a group of experts on a diffuse issue.

Type 4: Delphi studies to build consensus among the participants. [8]

3. Methods

For this paper, a Delphi study was conducted to identify the compliance relevance of digital technologies.
In the previous section, the method of the Delphi study was briefly introduced, and in this section the
method is explained in more detail, as well as the design and execution of the study.

3.1 Delphi study design

The Delphi study was designed as a HADER type three study, as the focus is on collecting, determining
and qualifying expert opinions on the diffuse topic of compliance for digital technologies. The type three
study has specific characteristics. A decisive feature is the quantitative procedure, which was implemented
by integrating 22 expert opinions. Furthermore, the experts are selected on the basis of their expertise in
the areas of compliance and digital technologies. Moreover, the interdisciplinarity of the experts was taken
into account. This means that scientific experts as well as practitioners were interviewed. The expert group
is described in detail under Section 5. [8]

In the first step, the question was operationalised by using the facet theory in order to achieve a
comprehensible reduction of the complexity of realistic questions [11,8]. In addition, the scope of digital
technologies was narrowed down. For this purpose, various technology radars and trend radars were
examined. The technology radar and trend radar of the German Federal Ministry for Economic Affairs and
Climate is particularly comprehensive and was therefore selected for the study [12]. Based on this, a
longlist of 18 technologies was generated, which results in the first facet. Furthermore, in the second facet,
different points of view on digital technology were determined. These are data, technology and
organization. They were taken from the Aachen Digital Architecture Management and are particularly
suitable as they describe the perspectives on digital infrastructure [13]. Moreover, a rating scale for
compliance relevance was defined. The exact levels for the evaluation of the relevance can be found in the
following mapping sentence (see Formula 1).

F

5G
edge computing

The respondent (p; )evaluates the digital technology regarding to

Al

F3
F, not relevant at all
less relevant
data
) . moderately relevant )
the viewpoint { technology } as .. for compliance. (D
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I don't know
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A decomposition into further facets would be possible, but the pre-test and the study itself showed that the
reduction of complexity through three facets was sufficient. The questionnaire was designed with the help
of the formulated mapping sentence. This means that for each digital technology (facet one), the points of
consideration data, technology and organization (facet two) were queried via the relevance scale (facet
three). The questionnaire also contains questions to indicate how confident the respondent is in his/her
answer.

3.2 Conducting the Delphi study

To finalise the survey document, a pre-test was conducted with a selected expert to check the questionnaire
for comprehensibility and to determine the approximate processing time. Subsequently, the actual study
was conducted according to the typical procedure as shown in Figure 1.

Start of Delphi survey

Start 1st survey round 1st questionnaire

Interim evaluation Response

Start 2nd survey round 2nd questionnaire

Final evaluation Response

Interpretation

End of Delphi survey
Figure 1: Procedure of the Delphi study

The questionnaire was initially sent to 34 experts as an online survey. 22 of the experts contacted
responded within the processing period of four weeks. Subsequently, an interim evaluation of the data was
carried out in order to generate feedback for the following round. For this purpose, the number of mentions
for each answer option was prepared in the form of a bar chart. An exemplary evaluation for technology
5G can be seen in Figure 2.

1st round feedback: 5G
8

EEE Data
I Technology
Organisation

[} ~

v

Number of mentions
w A

Figure 2: Evaluation example 5G
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This feedback was integrated into the second survey and the survey was sent to the 22 participants fromm
the first round. The processing period of the second round was four weeks and 16 of the participants sent a
response. The number of participants can also be seen in Table 1. This concluded the conduct of the study.

Table 1: Number and participation of the requested experts of the Delphi study

Field of activity of . Quantity of Experts
Quantity of requests :
experts First round Second round
Science 7 5 4
Practice 27 17 12
Total 34 22 16

4. Data description

The data is divided into the collected head data and the collected core data. The head data of the
questionnaire contains general questions. The self-assessment of the expert regarding his expertise should
be emphasized here. The self-assessment takes place on an ordinal scale with five response options. These
are "don't know" {NaN}, "none" {0}, "low" {1}, "medium" {2} and "high" {3}. The Expertise is assessed
for digital technologies in general, as well as for compliance. In addition, at the end of the questionnaire,
respondents could once again highlight the digital technology for which the corresponding expertise is
particularly high. This results in a list of all 18 digital technologies for each expert, which is binary coded
for the evaluation ("no particular expertise" {0}, "particular expertise" {1}). These Boolean truth values
can be viewed as weights for individual responses in the later analysis. The core data includes 54
characteristics generated by three observation points for 18 technologies and are each ordinally scaled.
Experts could choose between "not at all relevant" {0} and "extremely relevant" {4} on a five-point scale.
In addition, the questionnaire contains the option "I don't know" {NaN}. The entire scale can be found in
Table 2.

Table 2: Overview of the scale for assessing the relevance of technologies

Statement Scale value
Highly relevant 4
Sufficiently relevant 3
Moderately relevant 2
Less relevant 1
Not relevant at all 0

I don’t know NaN (Not a Number)

5. Data analysis and finding relevant technologies for compliance

Using the data collected in the Delphi study, the relevance of the individual digital technologies for a
compliance guideline will be derived. For this purpose, a data-driven analysis of the head data and a
simplified form of hypothesis-driven analysis of the core data will be performed.

First, the head data is analyzed because it provides the basis for the following analysis of the core data and
ensures the transparency and validation of the expert group. The spider diagram in Figure 3 shows how the
22 participants assess their own expertise on the two topics of concern, compliance and digital
technologies.
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How would you rate your own expertise in the subject area of ...?

—— Compliance
Don't know P

15 = = Digital Technology

none

medium

Figure 3: Expertise of the respondents

It shows that both areas are represented in the expert group by correspondingly high or medium levels of
knowledge. It can be concluded that the expert group formed for the Delphi study is suitable for the
research due to its mixed expertise and mixed backgrounds from business and research (see Table 1).

Before the hypothesis-driven analysis of the core data is presented in the following, a preselection of
digital technologies based on particular characteristics is necessary. During the initial examination of the
core data, one particular feature of the digital technology thread stood out. Here the participants answered
particularly frequently "I don't know" {NaN}. This can be seen in the first as well as in the second survey
round. Due to the lack of meaningfulness, this technology is therefore excluded from the evaluation.
Furthermore, the core data for the digital technology Brain Computer Interface showed a particularly high
demand for compliance. It should be noted, however, that this technology has a very low degree of
maturity and has not yet found regular application in manufacturing companies. This can also be borrowed
from the technology and trend radar [12]. Consequently, this technology is excluded for the further
procedure.

The hypothesis-driven analysis of the core data is presented below. For this purpose, three hypotheses are
stated and proven or disproven.

H1 Based on the compliance relevance determined in the Delphi study, a clear ranking of the digital
technologies can be generated.

The statistical measures median, mode and interquartile range (IQR) are used to determine a ranking in
descending order of the compliance relevance of the digital technologies. Only ordinally scaled data is
available in the Delphi study, so both the median and the mode are suitable. Since the median reflects the
distribution of responses and the mode only shows the most frequent response, it is the more decisive
measure. In addition, the IQR is only a measure of dispersion and not a measure of location like the
median and mode. Consequently, the median is used as the first criterion. If a respondent indicated that he
or she was particularly confident about a digital technology, the median would be weighted twice.
Furthermore, the average is taken to combine the dimensions of data, technology and organization. The
ranking by using the weighted median leads to the result that there are still a large number of split ranks.
Therefore, the mode is additionally introduced as a second criterion. The same principle of weighting and
averaging is applied here. After using the mode as the second criterion, the number of split ranks was
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reduced, but there are still many split ranks. Therefore, IQR is used as the third criterion. Continuing with
the application of the explained weighting and averaging. The result can be seen in Table 3.

Table 3: Result ranking by median, mode and IQR

Rank | Digital technology Median Mode IQR

1 Deep Learning 3,3333 3,6667 1,25
Machine Learning 3,3333 3,6667 1,25

2 Natural Language Processing | 3,3333 3,3333 1,0

3 Computer Vision 3,1667 3,0 1,1667

4 Conversational Interfaces 3,0 3,0 0,6667

5 5G 3,0 3,0 1,0

6 RFID 2,8333 3,3333 1,3333

7 WiFi-6 2,6667 3,0 1,3333

8 System virtualization 2,6667 2,6667 1,0

9 ZigBee 2,6667 2,6667 1,4167

10 Virtual Reality (VR) 2,6667 2,6667 1,6667

11 Distributed Ledger 2,6667 2,3333 1,0
Technologien

12 Edge Computing 2,3333 2,3333 1,5

13 Augmented Reality 2,3333 2,0 1,0
Bluetooth 5 2,3333 2,0 1,0

14 Quantum Computing 2,0 2,6667 2,0

Using the measures median, mode and IQR, the hypothesis could still not be proven because the ranking of
the digital technologies is not clear. The ranks one and 13 are still divided. Nevertheless, it can be stated
that it was possible to make the relevance of the digital technologies comparable with one another.

H2 The generated ranking list enables a systematic identification of compliance-relevant digital
technologies.

To test the hypothesis two, the previously generated ranking list is considered. With a relevance score of at
least three, which corresponds to "sufficiently relevant", it is assumed in the following that the compliance
relevance is sufficient for consideration in the subsequent models. Moreover, the use of the word
"sufficient" in everyday language already indicates the adequacy and appropriateness of the relevance. The
scale value below three corresponds to "moderately relevant", which in turn is understood in everyday
language as " slightly" relevant and is therefore not sufficient for the further considerations. The minimum
relevance of three or "sufficiently relevant" defined in this way is applied to the leading statistical measure,
the median. This results in a list of compliance-relevant digital technologies shown in Table 4.

Table 4: Identified compliance relevant digital technologies

Rank | Digital technology Median Mode IQR

1 Deep Learning 3,3333 3,6667 1,25
Machine Learning 3,3333 3,6667 1,25

2 Natural Language Processing | 3,3333 3,3333 1,0

3 Computer Vision 3,1667 3,0 1,1667
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4 Conversational Interfaces 3,0 3,0 0,6667

5 5G 3,0 3,0 1,0

The six digital technologies identified are all at least sufficiently relevant at the median. This statement is
strengthened by the fact that the mode is also three or greater for all six digital technologies. In summary, a
system of two position measures was used to identify the top six compliance-relevant digital technologies.
Systematic identification has thus been successful and the hypothesis put forward is substantiated.

H3 There are thematic clusters within the compliance-relevant digital technologies.

The list of compliance-relevant digital technologies which has already been compiled is used to investigate
the third hypothesis. This means a search is made for thematic clusters in the six most compliance relevant
digital technologies that are at least sufficiently relevant. First of all, it is noticeable that the ranks one to
three are all occupied by digital technologies that are related to artificial intelligence. However, the digital
technologies: machine learning, deep learning, natural language processing and computer vision, are also
related to each other [14]. In the field of computer science, machine learning focuses on developing
efficient algorithms to solve problems using computational power [15]. While machine learning uses
approaches from statistics, it also includes methods that are not solely based on previous work by
statisticians, leading to new and widely cited contributions in the field [16]. In particular, deep learning is
used in these contributions. Deep learning models consist of multiple processing layers capable of learning
representations of data with multiple levels of abstraction. Deep learning has dramatically improved
machine learning capabilities, e.g., in speech or image recognition [17]. Sub-applications of deep learning
such as computer vision and natural language processing exist for this purpose [18]. In the context of
artificial intelligence, the described techniques such as machine learning and thus deep learning and
computer vision or natural language processing are now applied to mimic human intelligence in machines.
[14]. The described connections can also be taken from Figure 4.

Statistical Learning

Implementation

PR ———

Machine Learning | applies

Artificial Intelligence

—

Deep Learning

Natural Language Processing

Computer Vision

Figure 4: Applications of Artificial Intelligence based on KUHL [14]

Thus, the identified cluster is named with the overarching term "Applications of Artificial Intelligence"
and includes the digital technologies machine learning, deep learning, natural language processing and
computer vision. After explaining the proximity in terms of content, it should be further emphasized that
the median of all digital technologies in this cluster only varies between 3.3333 and 3.1667. This supports
the clustering that was carried out.

The digital technology conversational interfaces is ranked fourth and 5G is ranked fifth. Conversational
interfaces is a human-machine interface topic and 5G is a communication technology. No other meaningful
content cluster can be formed for 5G. In the case of conversational interfaces, it should be considered
whether it would make sense to join the cluster Applications of Artificial Intelligence. However, the
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authors decided against this because conversational interfaces are based on the technological development
of artificial intelligence applications and speech recognition in particular, but interaction with humans has
a special role and trust is an important component when using them in manufacturing companies [19]. In
summary, the hypothesis set up can be confirmed, as the content cluster Applications of Artificial
Intelligence was found.

6. Discussion

Digital technologies continue to evolve over time, so the results developed in the paper may change over
time. Therefore, the described results of the Delphi study represent a current snapshot that is valid for a
limited period of time. When selecting the digital technologies, care was taken to use those that are state-
of-the-art today. In addition, the study was structured in a way that is clearly comprehensible. This would
allow to reproduce the work at a later time and to update the results. In case of changes, this means that the
model has to be adapted or extended.

7. Conclusion and Outlook

The aim of the work was to identify the compliance-relevant digital technologies for manufacturing
companies. To this purpose, a Delphi study was conducted to integrate the expertise of many individual
experts. In analyzing the data obtained, a hypothesis-driven approach was followed and statistical
measures were used to derive a ranking of digital technologies in descending order of their current
compliance relevance for manufacturing companies. The study showed that the experts were able to
narrow down the relevant digital technologies. In order to achieve the overarching research goal of
enabling manufacturing companies to write their own compliance for the digital technologies they use,
further work is needed, in particular to enable the systematic derivation of compliance rules. For this
purpose, a framework has to be developed in the following models to ensure a holistic derivation of
compliance rules. In addition, the challenge is to enable companies to do the individual actions themselves
and a meta-model has to be developed for this purpose in further work.
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