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We can't solve problems by using the same kind
of thinking we used when we created them.

Albert Einstein

Image generated using Adobe Firefly.

Wir kénnen Probleme nicht mit der gleichen Art des
Denkens I6sen, mit der wir sie geschaffen haben.

Albert Einstein
(Ubersetzt aus dem Englischen)
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Preface

Choosing appropriate technologies for testing and implementing business scenarios, par-
ticularly in designing autonomous systems, presents various challenges for companies.
Technical solutions must thoroughly account for design aspects at the business level, sys-

tem level, data level, and technology level, while considering interdependencies.

With the increasing importance of data-driven business models based on autonomous
systems for the future viability of numerous companies, the swift and targeted implemen-
tation of business model innovations has become essential for economic success. Conse-
quently, this issue is gaining substantial relevance in both academic and practical do-
mains. Mr. Burkhardt's dissertation addresses this gap by bridging the divide between
business model innovation and the targeted design of technical aspects within the realm

of autonomous systems.

The goal of the doctoral project is to create an artifact that bridges data-driven business
opportunities with technological capabilities. This dissertation addresses a crucial area
for both science and practice. By answering the main research question and developing
the artifact, it contributes significantly to business informatics and offers practical solu-

tions to relevant problems.

I congratulate Daniel Burkhardt on his successful work that serves scientific and eco-
nomic benefit and emphasizes the principle of the Ferdinand Steinbeis Institute: "Science

must sustainably benefit the economy and society."

Heilbronn, March 2025
Prof. Dr. Heiner Lasi
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Preface by Editors

The Ferdinand Steinbeis Institute (FSTI) is a non-profit and interdisciplinary non-univer-
sity affiliated research institute with a focus on transformation in business and society.
Since its foundation in 2015, FSTI employees have been committed to ensuring that all
research projects meet the requirement of creating sustainable benefits for the economy
and society through relevant knowledge artifacts against the background of social respon-
sibility.

Daniel Burkhardt's doctorate is also based on this claim. It addresses the technical design
of “autonomous systems” and, in this context, addresses the problem that currently only
rudimentary empirical knowledge is available among a small number of experts. This
results in a critical situation from a business and social perspective, which on the one
hand hinders progress and on the other hand can lead to untrustworthy systems. The ap-
proach of using expert systems to help design autonomous systems is therefore highly
relevant both from a scientific point of view and in terms of practical application. In ac-
cordance with the FSTI's claim, the author not only develops a scientific artifact in the
form of an ontology for the design of data-driven solutions in this dissertation but also
implements it in a software pilot. With the help of this tool, practitioners can gain initial

experience in this new subject area and derive requirements for their own tool support.

This dissertation clearly demonstrates that scientific progress and real-world impact are

not contradictory but synergetic goals of a demanding and challenging dissertation.

The Editors
Heiner Lasi, David Rygl, Helmut Schneider, Eva Deuchert, Jens Lachenmaier,
Dirk Slama, Daniel Werth
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Abstract

Dall-E, ChatGPT, and Cruise self-driving vehicles are good examples of solutions that
seamlessly incorporate massive amounts of data, advanced hardware resources, and com-
plex Al models. These data-driven solutions are designed to generate corporate value by
strategically leveraging changing knowledge. Emerging technologies play an important
role in unlocking this knowledge, which then influences existing processes, supports cor-
porate decisions, and facilitates interactions between different organizational layers.
However, achieving these objectives is difficult due to the high dynamics involved, quick
technological improvements, increasing data complexity, and complicated implications
across organizational levels. Despite such challenges, increasing competitive pressure
forces organizations to construct information systems that not only assure flexibility and
stability, but also rely on emerging knowledge to generate business value. Constant
changes in the environment necessitate rapid alterations to system requirements, empha-
sizing the importance of building data-driven solutions for autonomization. For example,
the development of large language models in applications such as ChatGPT has provided
novel alternatives to typical human question-and-answer systems, showing tremendous

untapped business possibilities.

The uniqueness of collecting such knowledge distinguishes enterprises. Information tech-
nology facilitates the implementation of processes while also allowing for the manage-
ment of complexity, which generates knowledge. Technologies such as the Internet of
Things, Distributed Ledger Technology, and Machine Learning were developed to help
with complexity management and transparency. However, building data-driven solutions
that integrate diverse technologies with an extensive variety and intricate data-based re-

lationships is complex, making complete and value-added implementation difficult.

The conceptualization of technologies improves transparency across their diversity and
allows for the selection of technological variants that bring value to business opportuni-
ties. However, there is a lack of guidance to assist organizations in managing their diverse
requirements for data-driven solution design in the context of digital transformation and
innovation. The goal of this thesis is to create a model that can help with technology

selection for data-driven solutions. To this purpose, Distributed Ledger Technology and



Machine Learning are described using several conceptual models based on requirements
and design principles observed in three case studies from the healthcare, mobility, and
risk management industries. The study follows a Design Science Research approach, bas-
ing its deductive reasoning on literature studies to find technological concepts and rela-
tionships within the existing knowledge base. Furthermore, expert interviews within these
case studies aid inductive reasoning by highlighting domain-specific concepts, patterns,
and relationships. A logistics case study that focused on assessing new business opportu-
nities in relation to autonomization requirements aided in the development of specific
requirement dimensions and characteristics. All of the created artifacts, including require-
ments dimensions, an architectural patterns matrix, and conceptual models, were incor-
porated into an ontology to ensure a thorough design of data-driven solutions focused at
autonomization. The qualitative research resulted in a prototype implementation of a
knowledge graph-based recommendation system, which was further reviewed through

expert interviews.

Ultimately, the ontology translates potential business opportunities into the domain of
data-driven solution development with the goal of achieving autonomization. During the
solution design process, the ontology incorporates evolving knowledge across business
and technology layers. This helps in managing complexity and allows for more focused
value generation. Essentially, this approach enables the evaluation and explanation of
data-driven solutions based on ontological concepts, encouraging the exploration of dif-
ferent elements and innovative solution paths, thus providing assurance and guidance.
Furthermore, the created artifact promotes scientific discourse on the abstraction of tech-
nologies and enhances the associated knowledge repository by introducing design princi-
ples, patterns, conceptual models, and the ontology itself. Subsequent investigations
should enhance the ontology by integrating more technologies, implementing it in various
domains, and developing prototypes based on it. In the future, the ontology has the po-
tential to improve creative problem-solving by connecting existing solutions with various
business opportunities based on conceptual similarities. This approach entails the identi-
fication, abstraction, and application of basic ideas or principles, like to those associated

with razor blades or natural mechanisms, across other fields.
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Abstract (deutsch)

Dall-E, ChatGPT und selbstfahrende Fahrzeuge von Cruise sind Beispiele fiir Losungen,
die groe Datenmengen, fortschrittliche Hardware-Ressourcen und KI-Modelle effektiv
integrieren. Diese datengesteuerten Losungen werden mit dem Ziel entwickelt, Nutzen
durch den Einsatz sich entwickelnden Wissens zu generieren. Neue Technologien spielen
eine entscheidende Rolle bei der ErschlieBung dieses Wissens, das wiederum bestehende
Prozesse beeinflusst, Geschéftsentscheidungen unterstiitzt und die Interaktion zwischen
verschiedenen organisatorischen Ebenen erleichtert. Die Realisierung dieser Aspekte
steht jedoch Herausforderungen gegeniiber, die durch die hohe Dynamik, schnelle tech-
nologische Entwicklungen und zunehmende Datenkomplexitit sowie komplexe Ver-
flechtungen iiber Organisationsgrenzen hinweg bedingt sind. Trotz dieser Herausforde-
rungen zwingt der wachsende Wettbewerbsdruck Organisationen dazu, Informationssys-
teme zu entwickeln, die nicht nur Flexibilitdt und Stabilitit gewahrleisten, sondern auch
das sich entwickelnde Wissen nutzen, um Nutzen zu schaffen. Stindige Verdnderungen
in der Umgebung erfordern schnelle Anpassungen der Systemanforderungen, was die Be-
deutung des Designs datengesteuerter Losungen zur Autonomisierung unterstreicht. Zum
Beispiel hat die Entwicklung groBer Sprachmodelle in Applikationen wie ChatGPT in-
novative Alternativen zu traditionellen Systemen der menschlichen Fragebeantwortung

eingefiihrt, die bedeutendes, noch unerschlossenes Geschiftspotenzial offenbaren.

Die Individualitdt des Erwerbs solchen Wissens differenziert Organisationen. Informati-
onstechnologie unterstiitzt die Implementierung von Prozessen und ermoglicht auch die
Handhabung von Komplexitit, aus der Wissen generiert wird. Technologien wie das In-
ternet der Dinge, Distributed Ledger Technology und maschinelles Lernen wurden ent-
wickelt, um die Komplexitdtshandhabung zu unterstiitzen und Transparenz zu ermogli-
chen. Allerdings ist das Design datengesteuerter Losungen, die verschiedene Technolo-
gien mit grofler Vielfalt und komplexen datenbasierten Beziehungen integrieren, kom-

plex, was eine umfassende und wertschopfende Implementierung erschwert.

Die Konzeptualisierung von Technologien bietet Transparenz ihrer Vielfalt und ermog-
licht die Auswahl einer geeigneten Technologievariante fiir die zu realisierende geschéft-

liche Opportunitdt in nutzenstiftende Losungen. Es fehlt jedoch eine Anleitung, die
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Organisationen unterstiitzt, eine Vielfalt von Anforderungen fiir das Design innovativer
Losungen zu verwalten, um die digitale Transformation und Innovation zu ermdglichen.
Ziel dieser Arbeit ist die Entwicklung eines Modells, das die Auswahl von Technologien
in datengesteuerten Losungen unterstiitzt. Daher wurden Distributed Ledger Technology
und maschinelles Lernen durch die Erstellung verschiedener konzeptioneller Modelle
konzeptualisiert, basierend auf Anforderungen und Gestaltungsprinzipien aus drei Fall-
studien in den Bereichen Gesundheitswesen, Mobilitidt und Risikomanagement. Einem
umfassenden Design Science Research-Ansatz folgend, bildeten Literaturrecherchen die
Basis fiir deduktives Schlussfolgern zur Identifikation von technologischen Konzepten
und Beziehungen aus der Wissensbasis. Zusétzlich garantierten Experteninterviews als
Teil der Fallstudien induktives Schlussfolgern fiir die Identifikation von doménenspezi-
fischen Konzepten, Mustern und Beziehungen. Anforderungsdimensionen und Charakte-
ristiken fiir die Autonomisierung wurden in einer Fallstudie im Bereich der Logistik ent-
wickelt, um neue Geschiftsopportunititen auf Anforderungen zur Autonomisierung zu
definieren. Alle entwickelten Artefakte in Form von Anforderungsdimensionen, einer Ar-
chitektur-Mustermatrix und konzeptionellen Modellen wurden in einer Ontologie kom-
biniert, um ein umfassendes Design datengesteuerter Losungen fiir Opportunititen der
Autonomisierung zu garantieren. Die qualitative Exploration wurde mit der prototypi-
schen Implementierung eines auf einem Wissensgraphen basierenden Empfehlungssys-

tems abgeschlossen, das in weiteren Experteninterviews diskutiert wurde.

Die Ontologie ermdglicht eine Ubersetzung von Geschiéftsopportunititen in den Bereich
des Designs datengetriebener Losungen zur Autonomisierung. Im Verlauf des Losungs-
designprozesses integriert die Ontologie entwickelndes Wissen iiber die Ebenen von Ge-
schift und Technologie hinweg, was die Handhabung von Komplexitét erleichtert und
eine gezieltere Wertschopfung ermdglicht. Praktisch gesehen erlaubt dieser Ansatz die
Erlauterung datengesteuerter Losungen, fordert die Entdeckung alternativer Komponen-
ten und innovativer Losungswege und bietet somit Sicherheit und Orientierung. Dariiber
hinaus regt das entwickelte Artefakt den wissenschaftlichen Diskurs {iber die Abstraktion
von Technologien an und bereichert die entsprechende Wissensbasis durch die Einfiih-
rung von Designprinzipien, Mustern, konzeptuellen Modellen und der Ontologie selbst.

Zukiinftige Arbeiten sollten die Ontologie weiter verfeinern, indem sie zusitzliche
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Technologien integrieren, sie in verschiedenen Doméanen anwenden und Prototypen da-
rauf basierend erstellen. In zukiinftigen Arbeiten konnte die Ontologie kreatives Prob-
lemldsen fordern, indem sie bestehende Losungen durch konzeptuelle Ahnlichkeiten mit
verschiedenen Geschiftsopportunititen verbindet. Dieser Ansatz beinhaltet das Identifi-
zieren, Abstrahieren und Anwenden grundlegender Ideen oder Prinzipien, dhnlich jenen,

die hinter Rasierklingen oder natiirlichen Mechanismen stehen, in diversen Doménen.
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1 Introduction to Data-driven Solution Design in Complex
Systems

Organizations face an enhanced complexity' of their environment and feel increased pres-
sure to innovate digitally (Kohli and Melville 2018, pp. 1-2; Yoo et al. 2010, pp. 2-3;
Zapadka 2020, p. 2). Additionally, stakeholders expect organizations to apply recent tech-
nologies to create novel data-driven solutions? that satisfy needs ideally on an individual
level. The evolving environmental pressure forces organizations to collaborate in net-
works, adapt their business model and organizational structure, as well as change the de-
sign and development of solutions accordingly (Henfridsson 2009, pp. 4-5; Hylving and
Schultze 2013, pp. 2-3; Hylving and Selander 2012, pp. 2-3; Zapadka 2020, p. 3). Such a
digital transformation® raises multi-faceted challenges that create complexity (Svahn et
al. 2017, pp. 239-240; Yoo et al. 2010, pp. 224-227). Consequently, organizations must
translate identified business opportunities into data-driven solutions in increasingly
shorter cycles. Businesses require transparency* about the available solution space and
design knowledge® about applied solutions to guarantee value-add. By this, organizations
establish speed, judgment, and flexibility, which are vital in a dynamic and competitive
environment (Davenport and Prusak 1998, pp. 4-8; Kohli and Melville 2018, pp. 2-3; Za-
padka 2020, p. 4).

! Complexity describes a state that contains non-linear relationships and feedback loops so that the system
in its totality cannot be analyzed. Thus, complex systems are not only constituted by their components
but also by the relationships between these components (Cilliers 1998, pp. 2-3; Dacrema et al. 2019,
p. 8).

2 Combining ‘data-driven’ with ‘solution’ to ‘data-driven solutions’ describes a solution that uses data and
technological capabilities based on a system to realize business-related opportunities by solving identi-
fied challenges.

3 Digital transformation defines the organizational change triggered by digital technology. For example,
the emergence of social media led to new digital solutions, which initiated the development of new
digital business concepts, as illustrated by social media marketing concepts. Iteratively, the new digital
business concept can trigger new digital solutions (e.g., big data analytics), which lead to the creation
of complementing digital business concepts (Wiesbdock and Hess 2020, p. 77).

4 Words are highlighted in this thesis in order to emphasize their conceptual importance in the respective
paragraph.

5 Design and (Enterprise or Architecture) Modeling: As the complexity of systems and technologies in-
creases, the pre-implementation phase of modeling becomes more critical. It is essential for understand-
ing and communicating knowledge as an information asset (Stirna and Persson 2018, p. V). Modeling
results in the definition of a specific model abstracting from requirements and the actual situation. See
also Section 2.2.2.
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