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Preface

What is digital transformation? This question is often asked because no one knows
what digital transformation and its impact on our lives are and will be in the future.
Therefore, it is a highly demanding challenge to describe in detail what constitutes
digital transformation.

The term digital transformation is often referred to as digitalization (not to be
confused with digitization, the process of converting analog data into a digital
counterpart). In this book, we use the word digitalization to describe the evolution
process, in which digital technologies (meaning electronic, information, commu-
nication, etc. technologies) enable changes in business and society. These changes
can range from continuous and smooth to erratic and disruptive.

On the one hand, new digital technologies are the drivers for changes in classical
processes (e.g., text-processing software has made the old mechanical typewriters
obsolete). On the other hand, a need for business or organizational processes is
looking for the best available digital technology solution to overcome old processes
(e.g., a suitable voice-over-IP protocol is in the process of replacing the traditional
telephone transmission). In this book, in the first case, we call it digital innovation,
in the second case, digital business transformation. In general, however, both
tendencies are often interconnected and not so clearly separated. In order to provide
a selection of the diversity of what digital transformation means for our daily lives,
this book presents many different digitalization cases—some more focused on
digital innovation and some on digital business transformation.

This book was written by professors and researchers who work, research, and
teach daily in the areas of (Business) Information Systems, (Business) Information
Technology, Computer Science, Business Administration and Management at the
School of Business of the University of Applied Sciences and Arts Northwestern
Switzerland FHNW. This university of applied sciences focuses on applied research
and development while retaining a high level of practical relevance. Thus, the
writing style of the chapters of this book follows the philosophy of reconciling the
degree of depth and rigor in research with a meaningful translation into relevance in
practice.
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While the Institute for Information Systems of the School of Business originally
focused on bridging the gap between business and IT, thus aligning business and IT
in the context of organizations, its topics are now expanding extensively to cover a
wider range of digitalization: The impact of new ICT-related technologies and
IT-supported methods in business and society is investigated. In addition to the
classic domains of business information technology, our areas of interest are, for
example, agile process management in a digital economy, cloud computing and
related digital transformations, cybersecurity and resilience, digital supply chain
management, artificial intelligence including computational intelligence (i.e.,
nature-inspired AI) and symbolic/sub-symbolic AI, Internet-of-Things, human–
machine interaction, (social) robotics, management of complex systems, humans in
technical systems and organizations, etc. Our passion for the different facets of
digitalization eventually led to the idea of writing this second book (after the
Springer book “Business Information Systems and Technology 4.0” in 2018).

As the editor of the book, I would like to thank our employer, the University of
Applied Sciences and Arts Northwestern Switzerland FHNW and particularly the
School of Business for supporting the writing of the book by granting additional
hours to the authors. My immense and heartfelt thanks also go to all our authors,
who have made excellent contributions to this book with their view of digitaliza-
tion. My special thanks go to Prof. Dr. Thomas Hanne, Prof. Dr. Uwe Leimstoll,
and Prof. Dr. Michael von Kutzschenbach, who have organized a thorough and
independent scientific peer review of all the chapters according to internationally
recognized high quality standards. Additionally, I would like to thank Vivienne Jia
Zhong for coordinating the process of elaborating the contributions of 42 authors,
compiled in 21 chapters, efficiently and competently. I would also like to thank
Christine Lorgé and Natalie Jonkers for their diligence, competence, and commit-
ment to language and readability. Finally, I would like to thank all our families for
their continued patience and great support in allowing us to write this book on
weekends and during the night.

Basel, Switzerland
January 2020

Prof. Dr. Rolf Dornberger
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Digital Innovation and Digital Business
Transformation in the Age of Digital
Change

Rolf Dornberger and Dino Schwaferts

Abstract This chapter introduces the central theme of the book and the following
chapters. In our book, we present 20 selected examples of digitalization in the age of
digital change. The chapters are divided into two parts, called “Digital Innovation”
and “Digital Business Transformation”. On the one hand, digital innovation includes
cases where a new technology stimulates or enables new business opportunities. On
the other hand, digital business transformation collects examples of digitalization
in which business or management concepts exploit certain technological solutions
for their practical implementation. To share this mind-set with the reader, quantum-
computing technology will be taken as an example of digital innovation. This will
be followed by reflections on digital business transformation, which seeks and uses
digital technologies. Finally, the next chapters will be presented accordingly.

Keywords Digital innovation · Digital business transformation · Digitalization ·
Quantum computing · Digital eco-system

1 Introduction

It is widely predicted that digitalization will change the world. Already in 2018, the
book “Business Information Systems and Technology 4.0: New Trends in the Age of
Digital Change” [1] has presented selected cases which show how quickly the world
changes and transforms. That book has provided explanations of key principles such
as digitization, digitalization, and digital transformation. Therefore, the model in
Fig. 1 “Digitalization: Yesterday, today and tomorrow” [2] was introduced. This
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2 R. Dornberger and D. Schwaferts

Fig. 1 Digitalization: yesterday, today and tomorrow [2]

model discusses the development of the information and communication technology
over four stages: The sequence begins with (1) Information Systems in the 1980s
and 1990s and (2) E-Business Applications in the late 1990s and early 2000s. In
addition, the rise of web applications and smartphones from the mid to the end of the
first decade of the 21st century, launched the (3) Web 2.0 Revolution. The sequence
concludes with the renaissance of (4) Artificial Intelligence from the mid to the end
of the second decade of the 21st century.

As illustrated in the model (see Fig. 1), the development of new digital tech-
nologies and applications seems to be growing exponentially (e.g., the number of
digital technologies steadily increases; every year the number of scientific publica-
tions increases worldwide, etc. [3]). This implies that a vast amount of potentially
world-changing innovations is constantly being generated. As examples, the authors
stated in [1] that in addition to improvements in smarter software, new hardware
devices are being created, such as robots and 3D printers, equipping the computers
with a kind of a body and reshaping the supply chains. In parallel, the cyber-world
is evolving, increasingly encompassing technologies such as virtual and augmented
reality (VR/AR),which provide the interface to a digital or cyberworld.Many aspects
of the world are now becoming “cyber”. For example, cryptocurrencies are evolving
and expanding established forms of money; and enhancing humans with artificial
robotic body parts is no longer a distant dream.
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This book goes a step further to provide new examples of how digital technologies
and/or business opportunities created by digitalization cause innovation and transfor-
mation. It therefore builds on the model with the four stages discussed in [2], but also
proposes the two aspects “Digital Innovation” and “Digital Business Transforma-
tion”, which cross-sectionally cover the four stages. Here, digital innovation means
the use of new or existing digital technologies (from another context) to support
certain aspects of management or business. However, digital business transforma-
tion is—according to Gartner [4]—“the process of exploiting digital technologies
and supporting capabilities to create a robust new digital business model.”

To present and organize the subsequent chapters of this book, this introductory
chapter briefly mentions the two aspects “digital innovation” and “digital busi-
ness transformation”. The first aspect concerns a new technology (such as quantum
computing) that is the starting point and enabler for new applications and business
solutions. The second aspect concerns business/management ideas or concepts (such
as digital eco-systems) that need digital technologies to support and implement them.
As a guide for the readership of this book, all the ensuing chapters are briefly outlined
and focus either on the first aspect “digital innovation” or the second “digital business
transformation”.

2 The Technology of Quantum Computing as Digital
Innovation

2.1 Identifying Promising Technologies

In order to predict whether and how a particular new digital technology can become
a promising technology in the sense of enabling one of the most important digital
innovations of the future, the important technologies to come must be continuously
identified. The question often is: What will come next? In the model [2] in Fig. 1,
many readers may wonder what the question mark on the rising curve means. Albert
Einstein answered this question very elegantly by saying: “I never think of the
future—it comes soon enough.”1 According to this quote, the future seems to be
approaching even faster today than in earlier times.

A well-known source and reference for future technologies and trends is the
Gartner hype cycle for emerging technologies [5]. It proposes and discusses future
technologies and trends in four phases:

1. Being a hype (peak of inflated expectations)
2. Producing a disappointment (trough of disillusionment)
3. Getting a realistic estimation (slope of enlightenment)
4. Leading to common application (plateau of productivity).

1https://quoteinvestigator.com/2013/07/23/future-soon/.

https://quoteinvestigator.com/2013/07/23/future-soon/
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Once a new technology or trend appears on the hype cycle, it takes up a particular
position on the cycle according to the estimation of its phase and in comparison
to other technologies. Additionally, the predicted time until it becomes a common
application is noted.

2.2 Quantum Computing as an Example for Digital
Innovation

One technology that has been on the rising slope of the Gartner hype cycle for
years is “quantum computing”, which has appeared 11 times since 2000. In fact,
Gartner predicted that quantum computing would reach its plateau of productivity
in a maximum of five years or that over the next five to ten years it would be in
general use. Thus, one can assume that the digital technology of quantum computing
is an answer to the question mark in Fig. 1 and will become one of the next digital
innovations. Why, however, will quantum computing become so important?

Quantum computing [6] is a novel ground-breaking mechanism for
computing/processing units, leading to a new computer generation with an
immensely higher computing speed. Its principles are based on the phenomena of
quantum physics that can be used within a new type of central processing units inside
a computer. While the theory is well developed, its realization in new hardware and
software to take advantage of its full potential remains difficult. Currently, there is a
handful of highly advanced research labs, which possess more or less well-running
prototypes of quantum computers. However, there is still a chance that the realization
of application-ready quantum-computing devices will not be possible in this century.

Assuming that ready-to-use quantum computing will be realized in the next years,
one can say that it will change the world fundamentally. There will be a jump from
today’s “nice computing power” to “unbelievable, ultimate computing power”, in
which case the only limitationswill be the computingmemory and the available algo-
rithms (software) to compute (almost) everything, known as Quantum Supremacy
[7]. Some reflections below showwhy quantum computing is on theway to becoming
such an important digital innovation—perhaps the most disruptive digital innovation
of this century [8].

Bitcoin and similar cryptocurrencies will lose their motivation [9]. Theoretically,
with quantum computing, all bitcoins will be instantly mined, because the compu-
tationally expensive computations for adding new blocks to the blockchain system
will be carried out instantly. The miner (a specific role in the blockchain system) who
gets first access to quantum computing will mine all bitcoins (perhaps introducing
stupid transactions to generate new blocks with senseless back and forth transac-
tions). Certainly, there are mechanisms, such as time delays that are integrated into
the mining procedure; but today’s standard ideas of generating particular cryptocur-
rencies (through computationally expensive blockchain computations) will have to
be completely rethought.
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In cryptography, quantum computing will break through almost any current
encryption in no time [10]. Certainly, a new discipline will come into play called
“quantum cryptography” that adapts and replaces outdated encryption algorithms.
Nevertheless, in every encryption and decryption process, quantum computers will
always be superior to traditional computing devices, even to today’s supercomputers.
For example, as cars exchange encrypted commands with their remote keys, it will
allow hackers to use quantum computers to unlock not only one car, but also all other
cars in the vicinity within a fraction of a millisecond.

DeepMind Technologies is a subsidiary of Alphabet Inc., the mother company of
Google. The research of DeepMind focuses on different aspects of extending and
applyingArtificial Intelligence (AI). A showcase is the gameplay of the ancientAsian
board game “Go”. The projects AlphaGo, AlphaGo Zero, and Alpha Zero developed
AI frameworks [11] that are (almost) always able to beat humanworld champions and
other software inGo [12] and in various other kinds of single- andmulti-player games
[13]. DeepMind’s AI approaches are superior to most other (published) approaches,
including other software solutions, as well as to human gameplay strategies in games
with (almost) infinite possible moves. The algorithms are special heuristics. Some of
them are trained with huge human-generated datasets; some of them use self-training
by generating own dataset by applying the game rules. These powerful heuristics
search limited parts of the entire search space, where promising next moves seem
favorable.However, a quantumcomputermaybe able to search the entire search space
(not only limited parts) and discover unknown sequences of moves that could even
beat the best powerful heuristics. In other words, the ultimate quantum-computing
power has great potential to further enhance today’s best AI and decision-making
algorithms—but also to make some AI approaches obsolete by instantly scanning
the entire search space.

Another major application field in which quantum computing will have a tremen-
dous impact, is modeling and simulation to be known as Quantum Simulation [14].
For example, the knowledge of how the universe, the solar system, and earth evolved
over billions of years is still incomplete. Many details are still insufficiently under-
stood. Today, different physical astronomical models and approaches are available
to describe the development of the universe. Unfortunately, these models are still
partially incompatible, and even supercomputers take weeks to compute results in
well-selected sub-cases. Here, quantum computing will be able to compute different
models with increasing granularity in almost no time. Then it will be possible to
easily compare the results of the different models, improve the models, and gain an
understanding about which models are best suited for different cases and how they
fit together. In addition to astronomy, which takes place on the large scales (i.e. space
and time), quantum computing will also help to understand the effects on the small
scales, where quantum physics explores them.

Another discipline in which increased computing speed will have an extraordi-
nary effect is engineering, which mostly uses search and optimization algorithms
to computationally solve engineering problems [15]. In the last 40 years, numerical
computations have already replaced various hardware tests and field experiments.
Today, e.g., the most efficient engines, cars, and airplanes are developed and further
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optimized on the computer; prototype testing is reduced to a minimum. Further-
more, with quantum computing, it will be possible to simultaneously compute and
compare millions of design variants. Each product is designed and optimized on the
computer until optimal properties are reached. Then, because of myriads of compu-
tational optimization loops, all products of various companies will be quite similar.
For example, washing machines, smartphones, and airplanes will be almost identical
independently of the producing company. On the other hand, the differentiation will
lie in the personalization of engineered products [16]. Users will get an optimal,
personalized product that is tailored to their requirements, e.g., a personalized car
(shape and size, engine, color, interior, etc.). Hundreds of personal choice features,
including an optimized personal product design, can be integrated during the online
configuration. Hence, quantum computing will create a new “personalized product
business” [17].

Extending the idea of being able to design whatever is technically possible, we
will also be able to research and develop new ways to preserve nature [18]. Ideally,
we will be able to model, simulate, and optimize countless variants of environmental
technologies and sustainable, renewable energy solutions. We will be able to find
ways to reduce carbon dioxide emissions and other pollution markers. In addition,
wewill be able to better understand society as a living organism, and, in turn, enhance
the living conditions of billions of people, merely by discovering new technologies
and new ways for these solutions to influence the quality of life.

Certainly, all these examples of the benefits of quantum computing are very
optimistic. However, as with any technology, quantum computing can also be used
wrongfully, which we will not discuss here.

In summary, when digital technologies find their way to common applications,
they are adopted as digital innovations. In this chapter, the technology of quantum
computing was chosen as an example to explain how a new technology might stimu-
late many new applications and business opportunities, which is consequently called
digital innovation. Later in the book in the Digital Innovation part, several chapters
are collected to present specific technologies or technological approaches, which
stimulate new applications, businesses, processes, or even thinking.

3 Leveraging Digital Business Transformation Through
Digital Technologies

The section above describes the concept of digital innovation (used in this book to
structure the upcoming chapters) using the example of quantum computing (i.e. how
a digital technology might stimulate new applications). This section focuses on the
possibility of realizing additional opportunities in business, management, learning,
etc. by seeking and then exploiting new specific digital technologies. This is related
to the already mentioned definition of digital business transformation [4] as “the
process of exploiting digital technologies and supporting capabilities to create a
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robust new digital business model.” However, the wording “business model” is used
in a broader context, namely as “business, management or process opportunities”,
which can be realized, supported, and/or improved by seeking and exploiting suitable
digital technologies. In the next section, some reflections are made about rethinking
managerial approaches for business transformation in the age of digital change.

3.1 Rethinking Managerial Approaches for Business
Transformation in the Age of Digital Change

When reflecting on the most important achievements of the industrial era around the
19th century, steam power, electrification, and the automobile could come to mind
first. In parallel with the emergence of these new technologies, new management
challenges also arose. According to the economic historian Pollard [19], current
management approaches and topics have their origin in the emergence of large-
scale organizations during the industrial era, where large companies were explicitly
confronted with challenges on another extended scale. E.g. human resource manage-
ment formass employment, leadership andmanagement of a big entity, hugefinancial
issues, procurement and sales on a broad level, etc. Following Pollard, the origin of
today’s management approaches is strongly connected to the emergence of new tech-
nologies—in addition to various societal developments, ecological challenges and
so forth.

Today, a new type of technology, namely the digital technologies, such as the
Internet of Things (IoT), AI, Big Data, Cloud Computing, robotics, etc. have an
impact on life and work [20] (e.g., all the IoT technology to be applied in Industry
4.0). Such a transition to a digital society and economy leads to different expecta-
tions towards management by both customers and employees. The question could
be which new managerial approaches are emerging for business transformation in
the age of digital change—to be reflected on in the next section and in the upcoming
book chapters under the umbrella term “Examples for an increasing need for Digital
Business Transformation”.

3.2 About Examples in Digital Business Transformation

The following are some reflections on the particular state of companies and new
possibilities offered by digital business transformation (i.e. the exploitation of digital
technologies and supporting capabilities assisting company needs). The question is
how digital technologies influence companies in the age of digital change.

Searching for management concepts and explanations of why companies in the
industrial age are as they are, one might still refer to Coase [21], where he already
asked in the 1930s, why and under what circumstances what kind of company would
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emerge. He concluded that a meaningful enterprise size and a special state of the
company are the result of the balance between disadvantages from transaction costs
and disadvantages from overhead costs, imperfection in resource allocation, and
inflexibility. In the 70s and 80s of the last century, Porter [22] defined the state of a
company by the concept of the value chain, where the value added performed in an
organization determines the size and the condition of the company. However, around
the year 2000, Porter added the influence of digitalization to his model, where the
value added is now divided among different partners in a networked structure, which
he calls “the system of systems”. Examples in business are the automotive industry,
which has long reduced its vertical integration, similar to early examples of virtual
organizations, which have been building on this concept for more than 20 years [23].

In the age of digital change, the question arises: what exactly is the benefit of
having the opportunity to exploit digital technologies to change the style of manage-
ment and the state of companies? Can structures and processes be better defined to
contribute more to the value creation? A particularly great opportunity that digital
technologies offer today, is the simple division of tasks, the value chain, the manage-
ment, the IT and so forth of every entity of the company (e.g., on the level of a project,
a department or even the entire company). This means that many tasks—in terms
of total value added—could now be divided and elaborated in different entities in
parallel, fully supported by digital technologies. These entities could even lie outside
the company, following the trend of focusing on one’s own unique abilities. Each
entity makes its own contribution to value creation by being connected and working
together via digital technologies. Here, Porter’s system of systems [22] with the
flexible composition of services in the value chain and their orchestration or digital
eco-systems [24] provide answers on how digitalization makes this possible [25].

Although these short reflections are only taken as an example in digital busi-
ness transformation, it can be assumed that digital technologies have an important
impact on management at various levels. Digital business transformation is strongly
related, for example, to managerial approaches, the style of management, state of
companies as well as to particular management topics (e.g. HR management or
learning management) which are quickly changing nowadays. Therefore, it is indis-
pensable to continuously investigate various upcoming management, business, soci-
etal demands, and further challenges in the search for digital technologies and solu-
tions that support them. Selected topics are provided later in this book in the Digital
Business Transformation part.

4 Organization of This Book

As explained above, this book consists of two parts, which represent the above-
mentioned topic fields, namely Digital Innovation and Digital Business Transforma-
tion, and which, in turn, compile the more technology-based topics and the more
business/application-relevant topics. In the following, a very short description and a
brief summary of the book chapters is given.
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(a) Examples of emerging Digital Innovation (according to chapter order later in
the book)

• Various digitization technologies have been researched for several years and
optical character recognition (known as OCR) is nothing new. Nevertheless, an
update with the latest machine-learning algorithms proves a new technological
leap. “A Survey of State of the Art Methods Employed in the Offline Signature
Verification Process” reviews the domain of offline signature verification and
presents a comprehensive overview of methods typically employed in the general
process of offline signature verification.

• When it comes to innovative idea generation,DesignThinking ismentioned as one
of themost widespread and effectivemethods. However, in addition to all attempts
to improve the design thinking processes, a sensible technological implementation
and related scenarios, as discussed in “Agile Visualization in Design Thinking”,
promise a further innovative approach.

• In general, enriching classical algorithms with machine-learning approaches
further improves their potential. An example is given in the text mining case “Text
Mining Innovation for Business”, reflecting on the business innovation enabled by
developing text-mining solutions in response to the business needs of companies.

• The sensible use of embedded digital technologies can lead to new applications
and generate digital innovations as shown in “Using Mobile Sensing on Smart-
phones for the Management of Daily Life Tasks”, which explores the ability
and the potential of the mobile-sensing technology to support daily life task
management.

• The use of an advanced software solution in university education provides an
advanced tutoring system. “A Dialog-Based Tutoring System for Project-Based
Learning in Information Systems Education” presents and discusses the design
of an intelligent dialog-based tutoring system that is designed to support students
during group projects, to maintain their motivation and give subtle hints for self-
directed discovery.

• However, it is often difficult to teach technologically advanced topics, for example
object-oriented programming. In order to identify and evaluate the students’
learning difficulties, a case of developing an assessment test is presented. “A
Human Aptitude Test for Object-Oriented Programming in the Context of AI and
Machine Learning” discusses the object-oriented programming paradigm and the
potential future developments once AI and machine learning start to steadily
increase their influence on the overall design of software systems.

• Methods that belong to AI tend to be among the more challenging subjects for
students. A case of evaluating different measures to improve a related university
course over ten years is discussed in order to propose best practices. “Adapting the
Teaching of Computational Intelligence Techniques for Improving the Learning
Outcomes” shows the continuous efforts to integrate nature-inspired AI, and in
particular, computational intelligence algorithms into today’s university teaching
to increase the learning success of students.
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• Some technologies force research to discuss them from the philosophical side.
Maybe our view of technology is too strongly influenced by a too narrow percep-
tion of the world:Wewill see what we allow to be seen. “Automatic Programming
of Cellular Automata and Artificial Neural Networks Guided by Philosophy”
discusses an approach called “allagmatic method” that automatically programs
and executesmodelswith as little limitations as possiblewhilemaintaining human
interpretability.

• Some technologies themselves are “hardcore”, like robots. They are a hype; they
will change the world and businesses. “Facial Recognition and Pathfinding on the
Humanoid Robot Pepper as a Starting Point for Social Interaction” examines the
facial recognition and navigation capabilities of the robot Pepper and relates them
to a better human-robot interaction.

(b) Examples for an increasing need to Digital Business Transformation (according
to the chapter sequence later in the book)

• However, robots are not only a new hardware device with extended software capa-
bilities. Organizations might have special process needs which best can be suited
by involving and integrating robots. “Social Robots in Organizational Contexts:
The Role of Culture and Future Research Needs” describes the organizational
contexts currently relevant for social robots addressing the respective cultural
challenges.

• Management must innovate and adapt in order to leverage the benefits of digital-
ization for a digitalized sustainability society. Here, “Digital Transformation for
Sustainability: A Necessary Technical and Mental Revolution” outlines an inte-
grated framework linking different levels of digitalness with necessary changes
in managerial practice for organizational inquiry.

• Keeping humans-in-the-loop provides many advantages. For example, “Visual-
ization of Patterns for Hybrid Learning and Reasoning with Human Involvement”
discusses the traditional roles of humans in hybrid systems and their influence on
machine learning and/or knowledge engineering activities.

• Learning can be improved by sensibly using selected technologies. Here, “Mod-
eling the Instructional Design of a Language Training for Professional Purposes,
Using Augmented Reality” presents a multi-layered instructional model for
language training for professional adult learners.

• The processes in e-commerce are continuously improved by steadily integrating
and using new technologies. “Frictionless Commerce and Seamless Payment”
discusses a potential solution for improving the user experience and conversion
optimization in e-commerce and provides existing practical examples.

• E-commerce has not necessarily led to disintermediation as predicted in the 1990s.
“Direct to Consumer (D2C) E-Commerce: Goals and Strategies of Brand Manu-
facturers” suggests three strategies for brand manufacturers to mitigate conflicts
with traditional sales partners while maintaining their presence on the Internet.
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• Marketing is anothermanagement topic,where new technologies are highly appre-
ciated to strengthen customer retention. “The Digital Marketing Toolkit: A Liter-
ature Review for the Identification of Digital Marketing Channels and Platforms”
presents a study to support SMEs in their digital business transformation.

• Supply chain management also quickly adsorbs new technologies to improve its
processes. “How the Internet of Things Drives Innovation for the Logistics of
the Future” discusses an innovative value chain framework relating technology
advancement to business innovation in logistics.

• Co-creation in networks is highly supported by digital technologies. As an
example, “Recommendations for Conducting Service-Dominant LogicResearch”
addresses a research gap providing contextual guidance for applying service-
dominant logic in research and a framework for innovation in business.

• Many recent business models rely on data as the most important asset, where data
privacy is always an issue. “Blockchain Technologies towards Data Privacy—
Hyperledger Sawtooth as Unit of Analysis” presents a study that provides
insights for selecting a suitable blockchain configuration that would comply with
regulatory data privacy requirements.

• “Leadership in the Age of Artificial Intelligence—Exploring Links and Impli-
cations in Internationally Operating Insurance Companies” describes a case
that demonstrates the need (e.g., with the introduction of AI) for additional
management approaches.

5 Conclusions

Everywhere, examples and good practices in the field of digitalization appear again
and again, which aim to promise a change of theworld, stimulated partly by new tech-
nologies, partly by business/management/societal needs, often by both. A promising
way to identify possible next disruptive leaps in today’s age of digital change is to
continuously and profoundly explore a broad variety of examples. A small selection
is shown in this book.

This chapter is intended to introduce the central theme of the book for the arrange-
ment of the upcoming chapters grouped to two parts. Therefore, the aspect of
Digital Innovation is introduced using the example of the upcoming digital tech-
nology of quantum computing that will most likely change the world. Then, the
aspect of Digital Business Transformation is proposed and reflected as a change
of management/business to exploit digital technologies. Finally, these insights are
briefly mapped to the following book chapters, which—as will become obvious
during the course of the book—show various new trends and challenges in the age of
digital change from different perspectives. Maybe one of them will lead to the next
disruptive leap in digitalization.
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A Survey of State of the Art Methods
Employed in the Offline Signature
Verification Process
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and Kaspar Riesen

Abstract Handwritten signatures are of eminent importance in many business and
legal activities around the world. That is, signatures have been used as authentica-
tion and verification measure for several centuries. However, the high relevance of
signatures is accompanied with a certain risk of misuse. To mitigate this risk, auto-
matic signature verification was proposed. Given a questioned signature, signature
verification systems aim to distinguish between genuine and forged signatures. In
the last decades, a large number of different signature verification frameworks have
been proposed. Basically, these frameworks can be divided into online and offline
approaches. In the case of online signature verification, temporal information about
the writing process is available, while offline signature verification is limited to spa-
tial information only. Hence, offline signature verification is generally regarded as
the more challenging task. The present chapter reviews the field of offline signature
verification and presents a comprehensive overview of methods typically employed
in the general process of offline signature verification.
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1 Introduction

For several hundred years, handwritten signatures have been used as biometric
authentication and verification measure in a broad range of business and legal trans-
actions around the world. In fact, the first use of handwritten signatures can be traced
back to the fourth century, where a signature was used to protect the Talmud (i.e. a
central text in Rabbinic Judaism) against possible modifications. Later on, signa-
tures (i.e. so-called subscripto) were used to authenticate documents in the Roman
Empire during the period of Valentinian III [14]. More recently, several national and
international digitization efforts for electronic signatures have been proposed. Yet,
handwritten signatures remain very popular [8, 19, 20]. This is mostly due to the
ubiquitous applicability as well as the overall high availability and acceptance of
handwritten signatures when compared with electronic signatures.

Due to the high commercial and legal relevance, handwritten signatures also
expose a certain risk of misuse. To mitigate this risk, signature verification can
be employed. That is, a questioned signature is compared with a set of reference
signatures in order to distinguish between genuine and forged signatures [20]. Tra-
ditionally, this task has been conducted by human experts as part of graphology,
i.e. the study of handwriting. However, due to increasing number of documents,
automatic signature verification systems have been proposed already some decades
ago [28]. Actually, manual signature verification has been continuously replaced
since then. Today, automatic signature verification is still regarded as a challenging
pattern recognition task, and thus, remains a very active research field [8].

In general, automatic signature verification approaches can be divided into
online (also termed dynamic) and offline (also termed static) approaches [19]. In
the case of online signature verification, signatures are acquired by means of an
electronic input device, such as a digital pen, a digital tablet, or via input on a touch
screen (e.g. smartphone or handheld device). Hence, dynamic temporal information
about the signing process (e.g. acceleration, speed, pressure, and pen angle such as
altitude and azimuth) can be recorded during the handwriting process. In contrast,
offline acquired signatures are digitized by means of scanning. As a result, the veri-
fication task is solely based on the (x, y)-positions of the handwriting (i.e. strokes),
and thus, offline signature verification is generally considered the more challenging
case. Note that the present chapter focuses only on offline signature verification.

Signature verification systems can also be distinguished with respect to the repre-
sentation formalism that is actually used, viz. statistical (i.e. vectorial) and structural
representations. The vast majority of signature verification approaches make use of
statistical representations [8, 19]. That is, feature vectors or sequences of feature
vectors are extracted from handwritten signature images. In early approaches, fea-
tures are, for example, based on global handwriting characteristics like contour [6,
16], outline [10], projection profiles [30], or slant direction [2, 13]. However, more
generic and local feature descriptors (i.e. descriptors that are not limited to handwrit-
ing images) were also used such asHistogram of Oriented Gradients (HoG) [41] and
Local BinaryPatterns (LBP) [12, 41]. In recent years, features have increasingly been



A Survey of State of the Art Methods Employed … 19

extracted bymeans of a learned statistical model, viz.Deep Learning approaches like
Convolutional Neural Networks (CNNs) [7, 18, 26]. Regardless of the actual type of
feature, different statistical classifiers and/or matching schemes have been employed
to distinguish genuine from forged signatures. Known approaches are for exam-
ple Support Vector Machines (SVMs) [10, 12, 41], Dynamic Time Warping (DTW)
[6, 30], and Hidden Markov Models (HMMs) [10, 13].

In contrast to statistical representation formalisms, structural (i.e. string-, tree-,
or graph-based) approaches allow representing the inherent topological characteris-
tics of a handwritten signature in a very natural and comprehensive way [27, 33].
Early structural approaches are, for example, based on the representation of stroke
primitives [33], as well as critical contour points [4]. In a recent paper, graphs are
used to represent characteristic points (so-called keypoints) as well as their structural
relationships [27]. Hence, both the structure and the size of the graph is directly
adapted to the size and complexity of the underlying signature. Moreover, these
graphs are able to represent relationships that might exist between substructures of
the handwriting.

However, the power and flexibility of graphs is accompanied by a general increase
of the computational complexity ofmanymathematical procedures. The computation
of a similarity or dissimilarity of graphs, for instance, is of much higher complexity
than computing a vector (dis)similarity. In order to address this challenge, a number of
fast matching algorithms have been proposed in the last decade that allow comparing
also larger graphs and/or larger amounts of graphs within reasonable time (e.g. [15,
32]).

The goal of the present chapter is twofold. First, the chapter aims to provide a
comprehensive literature reviewof traditional and recent researchmethods in the field
of offline signature verification. Second, the chapter provides a profound analysis of
the end-to-end process of signature verification. In particular, the chapter discusses
the problems and solutions of data acquisition, preprocessing, feature extraction, and
signature classification. Hence, this chapter serves as a literature survey as well as a
possible starting point for researchers to build their own process pipe for signature
verification.

The remainder of this chapter is organized as follows. Section2 presents a generic
signature verification process. Subsequently, the most important processing steps
are individually reviewed in the following sections. First, different publicly available
offline signature datasets are compared in Sect. 2.1,while common image preprocess-
ing methods are examined in Sect. 2.2. Next, Sect. 2.3 compares different statistical
and structural representations that are eventually used for classification (reviewed
in Sect. 2.4). Finally, Sect. 3 presents conclusions and possible trends in the field of
signature verification.
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2 Signature Verification Process

Most signature verification systems are based on four subsequent processing steps, as
shown in Fig. 1 [8, 20]. First, handwritten signatures are digitized by means of scan-
ning (in Sect. 2.1 this particular step is discussed in detail). In the second step, signa-
tures are segmented and preprocessed to reduce variations (discussed and reviewed in
Sect. 2.2). Next, preprocessed signature images are used to extract statistical (i.e. vec-
torial) or structural (i.e. string, tree, or graph) representations (discussed and reviewed
in Sect. 2.3). Finally, a questioned signature q of claimed user u is compared with all
reference signatures r ∈ Ru by means of a specific dissimilarity measure (discussed
and reviewed in Sect. 2.4).

Roughly speaking, if the minimal dissimilarity to all references is below a certain
threshold, the unseen signature q is regarded as genuine, otherwise q is regarded
as forged. In general, the larger the reference set R, the better the accuracy of the
verification process. However, the acquisition of arbitrarily large reference sets is
often not possible in practice, and thus, limited to a few reference signatures per
user. In the following sections, each process step is reviewed separately.

Data Acquisition Preprocessing Feature Extraction

q =

Classification Accept
(Genuine)

Reject
(Forged)

Below
threshold?

r1 =

Yes

No

Questioned signature q of claimed user u

Reference signatures r ∈ Ru

min = 0.623

Data Acquisition Preprocessing Feature Extraction

q = {x1, . . . , xn}
Classification Accept

(Genuine)

Reject
(Forged)

Below
threshold?

r1 = {x1, . . . , xm}

Yes

No

Reference signatures r ∈ Ru

Questioned signature q of claimed user u

min = 0.758

Fig. 1 Statistical (a) and structural (b) signature verification processes consist of four major steps:
First, handwritten signatures are digitized by means of scanning. Second, noise and variations are
reduced by means of different preprocessing algorithms. Next, preprocessed and filtered signature
images are represented by either a statistical or a structural representation. In either case, a questioned
signature q of claimed user u is compared with the corresponding set of reference signatures r ∈ Ru
of user u. If the minimal dissimilarity between q and r ∈ Ru is below a certain threshold, q is
regarded as genuine, otherwise q is regarded as forged
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2.1 Data Acquisition and Available Datasets

During data acquisition, the available signature images are digitized into a machine-
processable format by means of scanning. In most cases, digitized signatures are
based on greyscale images, commonly defined as [37]

{S(x, y)}0≤x≤X,0≤y≤Y ,

where S(x, y) denotes the greyscale level at the (x, y)-position of the image and X ,
Y refer to the maximum values of the x- and y-axis of the image. Typically S(x, y)
lies between 0 (= black) and 255 (= white).

In the last decades, a number of different private and public datasets for offline sig-
nature has been proposed, see [8] for an exhaustive overview. These datasets can be
characterized with respect to their writing style (e.g. Arabic, Bengali, Chinese, Per-
sian, Western, etc.) as well as the number of genuine and forged signatures per user.
Table1 summarizes four widely used and publicly available datasets. In particular,
the table shows summaries of three datasets with real world signatures (i.e. MCYT-
75 [13, 29], UTSig [34], and CEDAR [21]) as well as one synthetic dataset (i.e.
GPDSsynthetic-offline [11]) for two different writing styles (i.e. Western and Per-
sian). Note that GPDSsynthetic is replacing the widely used GPDS-960 dataset [40]
that is no longer available due to new data protection regulations.

2.2 Preprocessing of Signature Images

Once handwritten signatures are digitally available, preprocessing basically aims
to reduce variations caused by the image itself (e.g. noisy background, skew scan-
ning, segmentation from the background) as well as variations caused by inter- and
intrapersonal variations in the handwriting (e.g. scaling and slant of handwriting). In
most cases, preprocessing is based on several subsequent steps. First, signatures are
extracted from the background (e.g. bank checks). Next, a certain filtering and bina-
rization is employed before different normalization techniques are typically applied.

Table 1 The writing style, the number of users, the number of genuine and forged signatures per
user, and the resolution of the images in dpi of widely used datasets for offline signature verification

Name Style Users Genuine Forgeries dpi

MCYT-75 Western 75 15 15 600

GPDSsynthetic-
offline

Western 4000 24 30 600

UTSig Persian 115 27 42 600

CEDAR Western 55 24 25 300
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(a) Original

(b) Segmentation (c) Filtering (d) Binarization (e) Skeletonization

Fig. 2 Common image preprocessing steps for GPDSsynthetic-Offline [11]: a bank checkwith sig-
nature,4 b segmented signature image, c filtering bymeans of Difference of Gaussian, d binarization
by means of thresholding, e skeletonization by means of morphological operators

Note, however, that the process sequence is not given a priori. The following para-
graphs give an overview of some common methods and techniques that are widely
accepted as standard preprocessing steps. These steps can be divided into four main
phases (see also Fig. 2):

1. Segmentation
2. Filtering
3. Binarization
4. Skeletonization

For an exhaustive overview on preprocessing techniques, see [8, 20].

1. Segmentation

As illustrated in Fig. 2a, the signatures are in many cases part of some larger doc-
ument (e.g. bank checks or forms), and thus, need to be extracted first. Especially
bank checks are regarded as a challenging segmentation problem due to colored
background images, logos and preprinted lines. To address this issue, different seg-
mentation approaches have been proposed in the literature [2, 12, 13, 33]. In [9],
for example, the segmentation is based on subtracting a blank check from the signed
artifact. More generic approaches, are based on Speeded Up Robust Features (SURF)
features in combination with an Euclidean distance metric [1]. Recently, different
Deep Learning techniques based on CNNs have been proposed for this task [22,
34]. In general, the importance of signature segmentation is decreasing due to two
reasons: First, the increasing use of blank signature fields and second, the declining
importance of bank checks.
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2. Filtering

In many cases, scanned handwritten signatures are affected by noisy background,
i.e. small pixel fragments that do not belong to the actual signature. The reasons
for that can be filthy scanners and papers, smearing as well as non-smooth writing
surfaces, to mention just a few. To reduce noise, different filter methods are often
employed such as low pass filter [4, 12, 24],median filter [3],morphological filter [2,
6, 13, 16] as well as Difference of Gaussian filter [27].

3. Binarization

To clearly distinguish between foreground and background pixels in an image,
scanned signature artifacts are often binarized [6, 27]. That is, each pixel of a
greyscale image is either assigned black (i.e. ink of signature) or white (i.e. back-
ground). In many cases, binarization leads to better classification results as well
as overall lower processing times. A number of different binarization approaches
have been proposed for this particular task such as Niblack’s algorithm [4], Otsu’s
method [12, 16–18, 23, 24] as well as thresholding [2, 4, 13, 27, 35].

4. Skeletonization

Further image preprocessing approaches are mainly aimed at the reduction of intrap-
ersonal variations in the handwriting. In [2, 3, 13], for example, the handwriting
scaling is corrected, while skew and slant are corrected in [3, 23, 24, 30]. Intraper-
sonal variations can also be reduced by means of skeletonization that is also known
as thinning [3, 4, 23, 24, 27].

Note that a number of Deep Learning approaches for signature verification have
been proposed recently [8]. In these cases, the neural network is often restricted to
a fixed size input, and thus, a certain resizing is necessary [7, 18]. Moreover, the
size of training data is often rather small in the case of signature verification which
might be a problem in the paradigm of Deep Learning. Hence, data augmentation is
often employed in this case to artificially increase the number of available training
data [17, 18].

2.3 Feature Extraction

Based on segmented and preprocessed signature images, different types of statistical
and structural representations can be extracted. The following two subsections give
a brief overview of both representation types.

2.3.1 Statistical Representations of Signatures

Statistical representations are extracted from handwritten signature images either on
a global or local scale [37]. In the former case (also known as holistic approach),
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features are extracted on complete signature images, and thus, represented by a
single (typically high-dimensional) feature vector x ∈ R

n . In the case of local rep-
resentations, subparts of the handwritten signature images are independently rep-
resented by local feature vectors. For example, features are extracted by means of
a sliding window that moves from left to right over the whole signature image.
Then, at each window position a set of different features is extracted. As a result,
a linear sequence of m local feature vectors is acquired for every signature image,
i.e. x1, . . . , xm with xi ∈ R

n .
In early approaches, features are often used to represent different global hand-

writing characteristics [37]. For instance, features that are based on the direction of
the contour, as shown in Fig. 3a [6, 16]. Similarly, the handwriting outline has also
been used as representation formalism in [10]. Moreover, the direction of slant, i.e.
the inclination of the handwriting, has been found to be useful [2, 13]. Last but not
least, projection profiles, i.e. the number of foreground pixels in the horizontal or
vertical direction, have been employed as global features in [30].

In contrast, features can also be extracted from a local perspective on the signa-
ture [37]. For example, different morphological features have been proposed in [23].
In case ofGradient, Structural and Concavity (GSC) features, three types of features
are extracted by means of a grid-wise segmentation and concatenated to form a fea-
ture vector [35]. Global features (e.g. the signature height, projection profiles, slant
angle, etc.) can also be combined with different local features (e.g. grid and texture
features), as shown in [3].

Further local features are often based on more generic texture descriptors, i.e. fea-
tures that can be used to represent arbitrary patterns [37]. In [41], for example, HoG
have been employed, as illustrated in Fig. 3b. That is, the direction of gradients is
first extracted at different local cell positions and then concatenated to form a single
histogram. Likewise, LBP are used to describe circular structures of an image at
different neighborhood levels [12, 41], while so-called surroundedness features are
extracted in [24].

Finally, it is worth mentioning that a number of Deep Learning approaches for
feature extraction have been proposed in the last years [18, 26, 36]. That is, rather
than extracting handcrafted features by means of a certain predefined procedure,
this type of feature representation is learned in an unsupervised manner by means
of a CNN. In particular, different CNN architectures have been proposed for this
task such as spatial pyramid pooling [17], triplet network [26] as well as siamese
network [7].

2.3.2 Structural Representations of Signatures

Structural representations are based on powerful data structures such as strings,
trees, or graphs [4, 27, 33, 37]. In general, a graph is defined as a four-tuple
g = (V, E, μ, ν) where V and E are finite sets of nodes and edges, μ : V → LV

and ν : E → LE are labeling functions for nodes and edges, respectively [31]. In
general, the graph size is not fixed and thus graphs are—in contrast to global fea-



A Survey of State of the Art Methods Employed … 25

(a) Contour (b) HoG

(c) Keypoint Graph (d) Inkball Model

Fig. 3 Visualization of contour features (see Fig. 3a), HoG features (see Fig. 3b), keypoint
graph (see Fig. 3c), and inkball model (see Fig. 3d) of one signature from GPDSsynthetic-
Offline [11]

ture vectors—flexible enough to adapt their size to the size and complexity of the
underlying handwritten signature image. Moreover by means of edges, graphs are
capable of representing binary relationships that might exist in different subparts of
the underlying signature.

A vast amount of signature verification approaches still makes use of statistical
rather than structural approaches [8, 19, 37]. This is rather surprising as the inherent
representational properties of structural formalismswould bewell-suited to represent
handwriting.

An early structural signature verification approach is based on the representation
of signatures by means of stroke primitives [33]. Another approach is based on the
detection of characteristics points—so-called keypoints—oncontour images [4]. Fol-
lowing this line of research, a recent approach is based on the detection of keypoints
in skeletonized signature images, as illustrated in Fig. 3c [27, 37]. In this particu-
lar scenario, nodes are used to represent keypoints (e.g. start, end, and intersection
points of the handwritten strokes), while edges are used to represent strokes between
these keypoints. Other graph-like representations, that have become more popular in
recent years are, for example, inkball models, as illustrated in Fig. 3d [25]. Similar
to keypoint graphs, nodes in inkball models are based on characteristic points of
the skeleton (i.e. junction and end points). Note, however, that inkball models are in
contrast with keypoint graphs based on rooted trees rather than general graphs.

2.4 Classification of Signatures

Finally (and regardless the actual representation formalism used), the signature veri-
fication is based on a classification task. That is, a questioned signature q of claimed
user u is compared with all reference signatures r ∈ Ru of registered user u (see
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Fig. 1). However, the actual method that determines whether q is regarded as genuine
or forged depends on the chosen representation formalism, i.e. whether signatures
are represented by means of a statistical or structural formalism. The following two
subsections give an overview of both approaches.

2.4.1 Statistical Approaches for Signature Verification

In case of sequences of feature vectors (i.e. the signature is representedbyx1, . . . , xm),
the classification task is often based on a dynamic programming approaches such
as, for example, DTW [6, 30]. That is, two sequences of feature vectors (i.e. one
sequence for q and one sequence for r ) are optimally aligned along one common time
axis. The minimal sum of alignment costs can then be used as dissimilarity measure
between q and r . In many cases, however, signatures are represented by holistic and
often high-dimensional feature vectors (i.e. the signature is represented by x ∈ R

n).
Consequently, feature vectors are compared by means of different distance measures
like for example Euclidean distance [7, 10, 26],χ2 distance [12, 16], orMahalanobis
distance [2, 13].

In contrast to these so-called learning-free methods, a number of learning-based
approaches have been proposed as well [12, 13, 17]. That is, a statistical model is
trained a priori on a (relatively large) training set of reference signatures. Different
statistical models have been employed for this task for example SVMs [10, 12, 17,
18, 23, 24, 41], HMMs [10, 13] as well as Neural Networks [3, 23, 24].

Generally, learning-based approaches lead to lower error rates when compared
with learning-free methods. However, this advantage is accompanied by a loss of
flexibility and generalizability, which is due to the need to learn a statistical model
on some training data. In fact, the accuracy of many learning-based approaches is
crucially depending on the size and quality of the labelled training data. However,
in case of signature verification the acquisition of training data is often expensive
and/or otherwise limited.

2.4.2 Structural Approaches for Signature Verification

Structural representations, in particular graph-based representations, offer some
inherent representational advantages as discussed before. However, this advantage is
accompanied with an increased complexity with respect to basic dissimilarity mea-
sures. In fact, the exact computation of a graph dissimilarity measure on general
graphs is known to be NP-complete, and thus several fast approximations for this
task have been proposed in the last decades [31]. In an early work, stroke primi-
tives are first merged locally and then compared by means of a global dissimilarity
measure [33]. Moreover, keypoints of contour images are matched by means of a
point matching algorithm in [4]. However, the actual structural relationships of the
handwriting are not considered during these first structural matching procedures.
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More recent structural signature verification approaches make use of fast approx-
imations for Graph Edit Distance (GED) [15, 32]. GED measures the minimum
amount of distortion (i.e. insertion, deletion, substitution of both nodes and edges)
needed to transform one graph into another. In the case of tree-based inkball mod-
els, the classification is based on an energy function that measure the amount of
deformation, similar to GED [25].

Recently, different approaches have been proposed that allow the combination of
statistical and structural classification approaches [26, 38, 39]. In [38], for example,
subgraphs are first matched by means of graph matching and then optimally aligned
by means of DTW. Another approach is based on an ensemble method that allows
the combination of a Deep Learning approach (i.e. triplet network) with a fast GED
approximation [26]. Finally, prototype graph embedding allows to embed graphs
into a vectorial representation [39]. This approach combines the representational
power of graphs and the mathematically well-founded vector space for dissimilarity
computation.

3 Conclusion and Outlook

Handwritten signatures have been an important verification measure for many busi-
ness and legal transactions for several centuries [37]. The popularity of handwritten
signatures remains high, even though several international initiatives for electronic
signature have been announced. That is, handwritten signatures offer some inherent
advantages such as ubiquitous applicability aswell as the overall high acceptance and
availability. However, handwritten signatures expose also a certain risk of misuse.
For this reason, automatic signature verification has been proposed [8, 19, 20]. Most
signature verification frameworks are based on four processing steps. First, signatures
are digitized by scanning. Second, scanned handwritten signature images are typi-
cally preprocessed in order to reduce variations caused by both the artifact (e.g. noisy
background, skew scanning) and the handwriting (e.g. scaling of the handwriting).
Next, preprocessed signature images are represented either by a statistical (i.e. vec-
torial) or structural (e.g. graph-based) formalism. Finally, a questioned signature is
compared with a set of reference signatures in order to distinguish between genuine
and forged signature.

The present chapter provides a comprehensive overview of the state of the art
in signature verification based on offline data. This chapter reviews in particular
traditional and very recent methods used in the various steps in a generic process of
offline signature verification. This analysis can be used either as a literature review
or as a starting point for developing an own signature verification engine.

In general, structural approaches offer some inherent representational advantages
when compared with statistical formalisms. That is, graphs are able to adapt both
their size and structure to the underlying pattern. Moreover, graphs are able to rep-
resent a binary relationship that could exist between subparts of the handwriting.
However, most signature verification approaches still make use of a statistical rather
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than structural representation. This is mainly due to the fact that algorithms and
methods that need graphs as input have a substantially greater complexity than their
statistical counterparts. Yet, in recent years, several powerful and efficient methods
for graph processing have been proposed [31]. These methods enable the use of
graphs in the field of signature verification. In the future, great potential for further
structural signature verification approaches can be expected, especially with the rise
of Deep Learning methods for graphs, the so-called Geometric Deep Learning [5].
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Abstract This chapter presents an agile visualization approach that supports one
of the most widespread innovation processes: Design Thinking. The approach inte-
grates the pre-defined graphical elements of SAP Scenes to sketch digital scenes for
storyboards. Unforeseen scenarios can be created by accommodating new graph-
ical elements and related domain-specific aspects on-the-fly. This fosters problem
understanding and ideation, which otherwise would be hindered by the lack of ele-
ments. The symbolic artificial intelligence (AI)-based approach ensures themachine-
interpretability of the sketched scenes. In turn, the plausibility check of the scenes is
automated to help designers creating meaningful storyboards. The plausibility check
includes the use of a domain ontology, which is supplied with semantic constraints.
The approach is implemented in the prototype AOAME4Scenes, which is used for
evaluation.
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1 Introduction

Visual sketches are an efficient and effective way to communicate ideas [2, 33].
They empower designers to explore the creative design space [36]. Sketching is a
traditional and conventional technique used to draw new ideas. Its usage has seen a
massive growth after theRenaissance as designed objects have becomemore complex
and more novel [3]. A pioneer on this subject was Leonardo da Vinci. Many of his
sketches expressed the ability to communicate with someone else about (1) which
artifact should be built, (2) how it should be built, (3) how it should work, as well as
(4) the use of thinking and reasoning to support the solution design.

Sketches are not limited to the use as a means of communication but can also
assist the cognitive process of conceiving a new solution design. These characteris-
tics make sketching a prominent technique in todays’ most widespread innovation
processes [45]. In the Google Sprint [14], a whole day is dedicated to the sketch of
possible solutions. In Design Thinking [28] sketches are used from an early phase to
increase the understanding of the problem, and later to ideate the new solution designs
[13, 29].

There are already several approaches in which the sketches are drawn with free
hands, e.g. Crazy 8s [23, 43], Collaborative Sketching [8], Sketch Storming [38],
CollabSketch [25], SketchStorm [19]. However, freehand sketching can be problem-
atic for the smooth progress of innovation processes. Some people are not capable,
hesitant, or even refuse to draw sketches, while others feel uncomfortable when being
asked to draw [6]. De Vere et al. [40] associate this discomfort with the lack of wis-
dom in expressing ideas with sketches. Another problem is the comprehensibility of
the drawn sketch. Since ideas are mainly sketched on tangible means (e.g., sticky
notes), Hohmann [11] experienced that when any changes are made to sketches, they
tend to become messy, and thus incomprehensible.

Such problemsmotivated the emergence of approaches that use a predefined set of
elements such as SAP Scenes [31]. SAP Scenes consists of a collection of predefined
graphical elements, the combination of which allows you to sketch storyboards about
products or services. Predefined graphical elements help users create visual stories
quickly and collaboratively. Therefore, drawing skills are not necessary, and users can
focus directly on shaping ideas and scenarios in the form of illustrative storyboards.
However, the practice of sketching storyboards with predefined graphical elements
has its limitations (see Sect. 2). Such limitations hinder innovation processes, which
is also why digital tools are difficult to use in practice.

In this chapter, we aim to show how a new agile and ontology-aided meta- model-
ing approach can overcome these limitations in order to promote the understanding
of problems and ideation in innovation processes. The approach has already been
validated in other application domains [15, 17].

The rest of the chapter is structured as follows: Sect. 3 discusses the adopted
methodology. Section4 introduces the state of the art of Design Thinking and visu-
alization tools that allow the creation of sketches. In Sect. 5 , we set the requirements
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for the proposed artifact for the agile and ontology-aided modeling approach. The
approach is then introduced in Sect. 6. The evaluation of the approach is described
in Sect. 7. Finally, the conclusion and future work are discussed in Sect. 8.

2 Limitations that Hinder the Innovation Processes and
Related Work

The first limitation is about the inability of the pre-defined elements to model any
underlying reality. SAP Scenes provides “Scenes add-ons” [31] with some addi-
tional topic- and industry-specific elements, but they are not sufficient to cover all
application scenarios. A real-world example for such limitation is the Air as a Ser-
vice storyboard,1 which was realized in the context of the EU-funded project DIGI-
TRANS [7]. Figure1 shows a part of the final storyboard. The storyboard supported
the transformation of the business model of a German company from the production
of ventilation systems to the innovative concept of Air as a Service. The new value
proposition of the business model becomes a continuous supply of clean air.

In the Air as a Service use case, ventilation of large buildings like parking houses
were identified as possible application scenarios. However, SAP Scenes did not
foresee ventilators or parking lots. The newly needed graphical elements had to be
physically created (see Fig. 1).

For physical SAP Scenes, this limitation can be easily overcome by manually
drawing new elements. This is different, when the Scenes are modeled with a digital
tool. Scene2Model [21] contains the digital representation of SAP Scenes withwhich
users can design digital storyboards. The tool is based on the meta-modeling tool
ADOxx [27]. Adding new modeling elements follows the current sequential process
of meta-modeling, which reverts the waterfall-like cycle [15] (1) adapt the meta-
model; (2) deploy the adapted meta-model in a new tool instantiation; and finally (3)
test the new version of the modeling language.

Workshops with innovation experts (see Sect. 5) have confirmed that the sequen-
tial engineering process can lead to delays in innovation processes. An agile meta-
modeling approach for the quick integration and adaptation of new elements would
promote the adoption of digital tools among Design Thinking practitioners.

Another limitation that hinders the practice of Design Thinking is the lack of
support from digital solutions in the elaboration of storyboards, especially in the
ideation phase. In this phase, a set of storyboards are elaborated and should be
available to provide meaningful input to the next phase [1], i.e., the prototype phase.
There exist digital tools (e.g. [34, 35]) for online collaboration between participants
to work on an idea. However, their use assumes a high level of expertise in innovation
processes. In cases where designers (especially the less experienced ones) have a low
domain expertise, relevant aspects in the storyboards may be overlooked. A possible

1The storyboard was realized in the innovation room of the Herman Hollerith Zentrum (HHZ),
University of Reutlingen.
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Fig. 1 Air-as-a-Service storyboard created with an extension of SAP scenes

consequence would be the numerous back and forth loops between the ideation, the
prototype and the test phases until a new solution design is refined enough for the
Design Thinking process to end [5]. In the worst case, the new solution design will
lack realistic foundations that need to be taken into account.

This lack of support can best be addressed by an approach that allows automa-
tion of the knowledge stored by SAP Scenes. The objective, in this case, would
be to automatically support the creation of plausible and meaningful storyboards.
The automation of knowledge can be achieved with the use of symbolic artificial
intelligence, i.e., ontologies. The latter have already been used in storyboards of
Scene2Model [21, 22] with the purpose of increasing information transparency and
clarity of the meaning of storyboards.

In order to address the identified need for agility and automation to support the
creation of storyboards, we propose to adopt the agile and ontology-aided meta-
modeling approach already conceived by Laurenzi et al. [17]. The approach allows
for the integration of new modeling elements and the adaptation of the existing ones
on the fly, as well as the seamless alignment of graphical elements to ontologies.

3 Methodology

In thiswork, the chosenmethodology is theDesign ScienceResearch (DSR) [10, 39],
which aims to build an artifact by going through the following phases: awareness of
problem, suggestion, development, and evaluation of the artifact and conclusion. In
order to increase the awareness of problem, insights were derived from the following
three different research activities:

• Research Activity 1 (RA1): Analyzing theories and existing approaches relevant
to this research work (reported in Sects. 2 and 4).

• ResearchActivity 2 (RA2):Modeling a use case by adopting amodeling approach,
which makes use of SAP Scenes to create digital storyboards in innovation pro-
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cesses (see Sect. 5). During this activity, we confirmed our hypothesis about the
need to deal with unforeseen scenarios and derived a list of requirements.

• ResearchActivity 3 (RA3): Twoworkshopswere heldwith innovation experts (see
Sect. 5) to increase understanding ofwhether and how the agile and ontology-aided
modeling approach can support an innovation process.

• Research Activity 4 (RA4): Next, the conceptualized artifact was implemented
in a variation of AOAME [17], which we called AOAME4Scenes. It solves the
research problem and satisfies the requirements that were derived in the first three
research activities.

The research activities cover the Design Science Research Cycle as proposed by
Hevner [10]: RA4 corresponds to the design of the artifact, the rigor cycle (RA1)
provides theoretical foundation to the designed artifact and the relevance cycle (RA2
and RA3) ensures the appropriateness of the application context.

4 State of the Art

This section first explainswhatDesignThinking consists of. It then describes existing
visualization tools that support innovation processes by sketching.

4.1 Design Thinking

Design thinking is an iterative process that seeks to understand users, challenge
assumptions, redefine problems, and create innovative solutions to prototype and
test [12]. The innovation process is most helpful to tackle problems that are ill-
defined or unknown. During the process, real customers are brought close to design
thinkers, who ultimately help solve customers’ problems by designing new products
or new services for them [29]. According to Schallmo et al. [32], the Design Thinking
innovation process is based on four basic principles:

• Human needs as a starting point regards humans as the source of innovative ideas
to work on.

• Multi-disciplinarity of teams: stakeholders fromdifferent disciplineswork together,
starting from the definition of the problem until the solution design.

• Creative environment refers to the dedicated creative place to conduct a Design
Thinking workshop.

• Iterative processes:the iterative nature leads to an improvement of the solutions
until a satisfactory stage is reached. It also helps establish a common ground that
is comprehensible for all participants from different backgrounds.

As Fig. 2 depicts, the iterative process comprises five phases before a solution is
conceived: empathize, define, ideate, prototype and test [18, 20, 28].
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Fig. 2 The design thinking innovation process [5]

The initial phase involves empathizing with the customer or user. Through obser-
vations and research the customers’ problems are realized, and a concrete issue is
determined, which then becomes the basis for the further process. The concrete issue
drives the Design Thinking team to concentrate on a single issue. In the next phase,
multiple solutions are created and analyzed within a team to find the best possible
solution to solve the issue. The solution is shared with the customer to learn their
opinion and their level of satisfactionwith the idea. The next steps are the construction
of the prototype and the testing of its effectiveness with the customers.

Each phase ofDesignThinking, albeit for different purposes,may require the visu-
alization of sketches. A common technique for visualization is called storyboarding
[4, 42], a sketching method which enables users to visualize a problem or a solution
through a storyline. Miron et al. [21]define storyboards as “a quick and valuable
means to test the convergence between user needs and the proposed solution”. The
value comes from making people understand the problem and allowing designers
to present their thoughts and imagination to other people. Multiple storyboards can
be created to demonstrate different aspects of the problem to different stakeholders
involved in the project [23]. In addition, multiple stories can be combined in an
application to compare the solutions [31].

4.2 Visualization Tools

Electronic support of sketching refers to the possibility of digitally viewing and using
the sketches, saving the scenes electronically for future use, digitally sharing the scene
with other team members and working electronically on images. Available digital
tools that provide such support can fall into one of the following three categories:

1. From paper sketches to digital sketches: with this kind of tool, users first draw the
sketches on paper and then bring the image into the system or upload a picture
directly to the tool. Mural [24] is an example of such a tool. Once the image is in
the tool, it can be used for creating maps and models like scenario maps, empathy
maps, business model canvasses, etc.

2. Sketching on digital screens: this type of tool allows designers to draw their
sketches on a digital screen similar to drawings on paper. FexiSketch [44], for
example, enables designers to draw and edit (freehand) sketches on electronic
whiteboards using phones, tablets, and desktop versions. The tool also incorpo-
rates the import functionality to upload images. Sketchboard [34] and Sketch-
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Together [35] offer online whiteboards for teams to work collaboratively and
remotely. Designers are empowered to sketch on the digital whiteboard simulta-
neously. AutoDraw [9] is an online tool that allows a designer not only to draw
sketches digitally but also recommend the most similar predefined object to the
sketch.

3. Usage of predefined graphical elements: this type of tool allows designers to create
storyboards with predefined graphical elements. For instance, the desktop tool
Scene2Model [22] offers digital graphical elements of SAPScenes. It additionally
empowers users to digitalize a storyboard by importing physical scenes on the
tool.

5 Requirement Elicitation

The first requirement was derived from recent findings in the literature (see Sect. 2)
and is formulated as follows:

• R1: A visualization approach in the context of an innovation process has to enable
designers to create digital storyboards with a predefined set of graphical elements.
This includes the sub-requirement ofmaking it easier for userswho dislike drawing
sketches.

Among the advanced digital tools fulfilling this requirement, the Scene2Model
is the only one that (1) uses digital predefined elements, (2) enables operations on
scenes (e.g. analysis, consistency checking, etc.) and (3) allows semantic enrichment
by means of an ontology.

We then used Scene2Model to model a use case and deepen the understanding of
the problem in practice. The use case is fictitious and targets a specific application
domain—the design of a kitchen for elderly people.

Firstly, we listed all the elements and properties needed to model the desired
kitchen. Then, we tried to model these aspects in Scene2Model using SAP Scenes.
Every time a desired aspect was missing, the respective table was updated accord-
ingly. The list of missing aspects that could not be modeled was documented, includ-
ing comments where needed. Additionally, graphical notations for the missing ele-
ments were suggested.

It turned out that in this use case eight specific elements were missing: heater,
dishwasher, extractor hood, lower cabinet with cooking range, wall cabinet with
glass, high cabinet with oven, double door fridge, window as an individual element.
Additional domain-specific aspects that could not be modeled were properties such
as appliance dimensions, appliance installation height, brand, warranty, and color.
Figure3 shows the “Fridge” element from the kitchen designed in Scene2Model, for
which the desired types (i.e., double door and single door fridge) and properties (e.g.
dimension) are missing .

For each of the missing elements a graphical notation was suggested and
Scene2Model was extended using the ADOxx Development Toolkit [27].



38 E. Laurenzi et al.

Fig. 3 An example of missing elements and properties from the created SAP scene

The experience gained with modeling the use case not only confirmed that the
predefined set of elements are not sufficient to target a particular application domain,
but also proved the sequential process that is required to incorporate the missing
elements. The new elements are first (1) integrated in the meta-modeling tool, then
(2) the adapted meta-model is to be deployed in a new instance of the Scene2Model
tool, and finally (3) the new set of elements could be used for modeling. This loop
had to be repeated when we recognized that the accommodated elements were not
properly added.
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This experience led us to derive the following requirement:

• R2: A visualization approach in an innovation process has to enable designers
to add new domain-specific aspects on the fly to the predefined elements. These
aspects include graphical notations and properties such as relations between ele-
ments and attributes for elements.

Finally, twoworkshops were held with four experts from theDIGITRANS project
[7] in the innovation roomof theHermanHollerith Zentrum (HHZ),2 ReutlingenUni-
versity. As introduced in Sect. 1, DIGITRANS is an EU-funded project and has the
purpose to deliver a Design Thinking-based method and a set of tools to support dig-
ital transformation processes. This research activity aimed to reach an understanding
on whether and how AOAME could be used in an innovation process—in this case
business model transformation.

For this, we dedicated the first workshop to the thorough introduction of the
agile and ontology-aided meta-modeling approach. As a follow-up, the possible
application of AOAME in the digital transformation process was discussed.

In the eyes of the innovation experts, the main benefit of AOAME is the ability
to quickly adapt to a modeling language, which includes changes in (1) graphical
notations, and (2) in the knowledge retained by the language, i.e., the abstract syntax.
This is mainly motivated by the need of integrating domain-specific aspects in each
model presented in each phase of the business transformation, e.g. representing a
Value Proposition Canvas, a storyboard created with SAP Scenes, a business process
in BPMN [26], and an enterprise architecture in ArchiMate [37].

A second workshop dealt with the adoption of AOAME for the digital transforma-
tion process. A brainstorming activity was followed by the creation of a storyboard
using SAP Scenes. The relevant aspects of AOAME were: the quick adaptation of
modeling languages, the integration of modeling elements that belong to different
languages, and the automatic ontology creation. According to the innovation experts,
the automatic creation of an ontology can be particularly useful at one stage of their
innovation process: the Business Model Configuration Simulation. The on the fly-
adaptation of a modeling language, conversely, is requested in each phase where the
purpose is to visualize a graphical model.

The twoworkshops raised awareness of the applicability of an agile and ontology-
aided meta-modeling approach to support innovation processes. From this, the fol-
lowing two requirements were derived:

• R3: A visualization approach in an innovation process has to be able to accommo-
date different modeling languages in different innovation phases.

• R4: A visualization approach in an innovation process has to enable the automatic
creation of ontologies from graphical models and thus enabling operations on the
ontology-based model.

2http://www.hhz.de/home/.

http://www.hhz.de/home/
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6 Agile and Ontology-Aided Meta-Modeling for Innovation

The agile and ontology-aided meta-modeling approach seamlessly integrates graph-
ical modeling with an ontology.The approach employs semantic rules, which aid the
propagation of language adaptations to the ontology. In turn, the ontology evolves
consistently with the changes made on the modeling language and by creating mod-
els. Hence, ontology expertise is no longer needed for the creation and maintenance
of the ontology or to ensure consistency between models and ontology concepts. The
approach is implemented in a modeling tool called AOAME (Agile and Ontology-
aided Meta-modeling Environment) [17].AOAME allows the language engineering
and modeling activities to interleave as well as adapt a language on the fly [17].
Unlike the current meta-modeling tools, it is no longer necessary to redeploy the
modeling language when a change occurs.

AOAME foresees the specifications of modelling languages (notation, abstract
syntax and semantics) into three different ontologies: thePalette Ontology,Modeling
Language Ontology and the Domain Ontology.

The Palette Ontology contains classes, instances, and properties for the graphical
representation of modeling constructs (e.g. graphical notation, size, position in the
palette). A graphical notation relates to a concept in the abstract syntax. TheModeling
Language Ontology reflects the abstract syntax, thus containing class taxonomy and

Fig. 4 Palette and model editor in AOAME4Scenes
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relations pertaining to the language view. The Domain Ontology reflects the domain
of discourse and consists of existing domain knowledge, i.e., classes, relations and
constraints. These are used to support the specification of the semantics of classes
from the Modeling Language Ontology.

An ontology reflecting SAP Scenes was created. This SAP Scenes Ontology
together with graphical notations of SAP Scenes were integrated in AOAME result-
ing in the prototype AOAME4Scenes.

AOAME4Scenes shows all the predefined graphical elements of SAPScenes from
the palette (see left-hand side of Fig. 4). Hence, the storyboards can be created in
the model editor (see right-hand side of Fig. 4) by clicking on the graphical elements
in the palette. As soon as the graphical element appears in the model editor, the
instance is stored in the ontology. The taxonomy of each SAP Scenes Ontology class
is displayed graphically by positioning the cursor on the graphical element (see, e.g.,
the two sub-classes of the “Fridge” element in Fig. 4).

7 Evaluation of the Approach

This section describes the evaluation of the agile and ontology-aided meta-modeling
approach for innovationprocesses. For the evaluation, the prototypeAOAME4Scenes
is used (1) to model a scene (see Sect. 7.1); (2) to show how the ontology—which
reflects a scene—can be exploited for the plausibility check of a scene; and (3) to
describe how the requirements R1 to R4 are fulfilled.

7.1 Use Case Modeled in AOAME4Scenes

Figure5 depicts the actions required to integrate a new element in AOAME4Scenes.
The same use case modeled in Scene2Model is considered (see Sect. 5). Two new
sub-classes “Double Door Fridge” and “Single Door Fridge” are created for the
already existing graphical element “Fridge”.

Right-clicking on an existing element allows to select the “Extend” function (see
first view of Fig. 5). This action opens a pop-up (second view in Fig. 5), from which
the user can enter attributes and relations of the new element, in particular the name,
the description and the graphical notations, which can be uploaded.

By clicking on “Create New Element” an instance of new element (called
“po:Double Door Fridge” in Fig. 5) is created in the Palette Ontology and a class
with the same name but different prefix is created in the Modeling Language Ontol-
ogy. Then the graphical notation appears in the palette and can immediately be used
for modeling (see dashed arrow in the third view in Fig. 5).
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Fig. 5 Extension of SAP Scenes and modeling in AOAME4Scenes

7.2 Reasoning for Plausibility Checking of SAP Scenes

An advantage of ontology-based modeling is the machine-interpretability of knowl-
edge. In our case, it is used to automate the plausibility check of the sketched scenes.
In the following, the plausibility check is explained through the implementation of
a concrete scenario.

Let us consider (1) the ontology-based model of the kitchen scene that is designed
in the previous section, and (2) a fragment of a kitchen domain ontology.

Each modeling element is related to classes of the domain ontology. The kitchen
domain contains—among others—classes, relations, and constraints regarding elec-
tric appliances that are typically used in a kitchen.

We assume that the designers used AOAME4Scenes to create a scene for a smart
kitchen as an extension of the scene shown in Fig. 5. Thus, the concept “SmartFridge”
exists in the modeling language as a sub-class of “Fridge” and is mapped with a
“SmartFridge” concept from the domain ontology. The latter, among others, contains
constraints such as “a fridge must have a power supply” and “a SmartFridge must
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Fig. 6 Modeling and execution of a domain constraint

embed at least one webcam”. The webcam is a sensor that self-monitors food items
[30].

Constraints are modeled in the W3C constraint language SHACL (Shape Con-
straint Language) [41]. Figure6 shows (1) the constraint property of the visual sensor
added on the concept “Smart Fridge”; (2) the execution of the constraint within the
kitchen scenario.

The constraint has the name “SmartKitchen:SmartFridge” (i.e., SmartKitchen is
the ontology prefix and SmartFridge is the class name in the domain ontology) and
contains a property called “SmartKitchen:SmartFridgeEmbedsWebCam”.

The constraint is then executed for the plausibility check. The fridge instance
in the kitchen scene of Fig. 5 violates the constraint as a webcam is missing. As
a consequence, an alert is triggered, which is shown as a message in the second
screenshot of Fig. 6. The message reminds the designer to add a webcam in the
kitchen scene before starting with the prototype phase. The required element can
therefore be added on the fly as a sub-concept of the pre-defined SAP Scenes element
“Device” and subsequently added in the smart kitchen scene.

7.3 Requirements Evaluation

In the following, we report the fulfillment of the requirements elicited in this work
(see Sect. 5):

1. R1 is fulfilled because AOAME4Scenes enables designers to create digital story-
boards with digital SAP Scenes. The fulfillment of this requirement is validated
by the use case modeled in Sect. 7.1.
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2. R2 is fulfilled because a user is enabled to add new SAP Scenes elements and
related properties on the fly. The fulfillment of this requirement is validated by
the steps presented in Sect. 7.1.

3. R3 is fulfilled because SAP Scenes are added to the existing ontologies in
AOAME,which already accommodateBPMN[17]. It is possible to quickly switch
from one language to another by selecting the language from the drop down list
that appears on the top-left corner of AOAME4Scenes (see Fig. 5). Once the user
selects themodeling language, the palette is refreshedwith the graphical elements
of the selected language.

4. R4 is fulfilled as (1) the ontology automatically evolves with the adaptations that
occur in the graphical elements (described in Sect. 7.1) and (2) the ontology allows
for plausibility checking (described in Sect. 7.2).

8 Conclusion and Future Work

The presented work showed the relevance of an agile and ontology-aided meta-
modeling approach to support the practice of sketching in innovation processes. For
this, we focused on the innovation process Design Thinking. Initially we analyzed
problems and challenges of innovation processes from literature, workshops, and
a use case. From the analysis phase, a set of design requirements was identified
that were met to implement the prototype AOAME4Scenes. The latter includes the
graphical notations of SAP Scenes and the newly created SAP Scenes Ontology.
AOAME4Scenes enables users to integrate new domain-specific aspects (i.e., new
elements, relations and attributes) on the fly. Unlike current modeling approaches,
unforeseen scenarios can therefore be quicklymodeled. Ontologies are automatically
created in the background while sketching the scenes. In order to support innovation
experts with little experience in a particular domain, constrained domain ontologies
are executed over the generated ontology-based scenes for their plausibility check.

The approach was evaluated through the AOAME4Scenes prototype by (1) mod-
eling a domain-specific scene for which the predefined set of graphical elements
was not sufficiently expressive; (2) making use of the ontology of the scene for its
plausibility check; (3) describing how the designed artifact fulfills the requirements.
This evaluation has therefore demonstrated the relevance of the agile and ontology-
aided meta-modeling approach in innovation processes in order to foster problem
understanding and ideation.

As a future work, we plan to evaluate AOAME4Scenes in concrete innovation
projects in order to identify possible improvements. In parallel, research will be
launched to investigate the integration of machine learning techniques into the agile
and ontology-aided meta-modeling approach [16]. Insights can then be transferred
in the context of innovation processes to learn innovation patterns.



Agile Visualization in Design Thinking 45

References

1. Beckman, S., Barry, M.: Design and innovation through storytelling. Int. J. Innov. Sci. 1(4),
151–160 (2009)

2. Bridgeland, D.M., Zahavi, R.: Business Modeling: A Practical Guide to Realizing Business
Value. Morgan Kaufmann (2008)

3. Cross, N.: Natural intelligence in design. Des. Stud. 20(1), 25–39 (1999)
4. Dam, R., Siang, T.: Introduction to the essential ideation techniques which are the

heart of design thinking. https://www.interaction-design.org/literature/article/introduction-to-
the-essential-ideation-techniques-which-are-the-heart-of-design-thinking. Accessed 01 Dec
2019

5. Dam, R., Siang, T.: Stage 4 in the design thinking process: prototype | interaction design foun-
dation. https://www.interaction-design.org/literature/article/stage-4-in-the-design-thinking-
process-prototype/. Accessed 01 Dec 2019

6. Detken, K.: Scenes: a new method and tool to create storyboards. https://experience.sap.com/
skillup/scenes-new-method-tool-create-storyboards/. Accessed 01 Dec 2019

7. Digitrans-Consortium: digitrans method for the digital transformation of smes. https://
informatik.univie.ac.at/en/research/projects/project/278/. Accessed 01 Dec 2019

8. Fehlau, A.: Collaborative sketching—drawing a bridge between ideation and prototyp-
ing. https://experience.sap.com/skillup/collaborative-sketching-drawing-a-bridge-between-
ideation-and-prototyping/. Accessed 01 Dec 2019

9. Google Creative Lab: AutoDraw. https://experiments.withgoogle.com/autodraw. Accessed 01
Dec 2019

10. Hevner, A.: A three cycle view of design science research. Scand. J. Inf. Syst. 19 (2007)
11. Hohmann,M.: The final output of the front end innovation process. In: 6th IBABachelor Thesis

Conference (2015)
12. Interaction design foundation: what is design thinking? https://www.interaction-design.org/

literature/topics/design-thinking. Accessed 01 Dec 2019
13. Jonson, B.: Design ideation: the conceptual sketch in the digital age. Des. Stud. 26(6), 613–624

(2005)
14. Knapp, J., Zeratsky, J., Kowitz, B.: Sprint: How to Solve Big Problems and Test New Ideas in

Just Five Days. Simon & Schuster, New York (2016)
15. Laurenzi, E., Hinkelmann, K., Izzo, S., Reimer, U., Merwe, A.V.D.: Towards an agile and

ontology-aided modeling environment for DSML adaptation. In: International Conference on
Advanced Information Systems Engineering, pp. 222–234. Springer International Publishing,
Cham (2018)

16. Laurenzi, E., Hinkelmann, K., Jüngling, S., Montecchiari, D., Pande, C., Martin, A.: Towards
an assistive and pattern learning-driven process modeling approach. In: Martin, A., Hinkel-
mann, K., Gerber, A., Lenat, D., van Harmelen, F., Clark, P. (eds.) AAAI Spring Symposium:
Combining Machine Learning with Knowledge Engineering, p. 6 (2019)

17. Laurenzi, E., Hinkelmann, K., van der Merwe, A.: An Agile and Ontology-Aided Modeling
Environment. In: Buchmann, R.A., Karagiannis, D., Kirikova, M. (eds.) IFIPWorking Confer-
ence on The Practice of Enterprise Modeling, pp. 221–237. Springer International Publishing,
Cham (2018)

18. Lindberg, T., Meinel, C., Wagner, R.: Design thinking: a fruitful concept for it development?
In: Design Thinking, pp. 3–18. Springer, Berlin (2011)

19. Lindley, S., Cao, X., Helmes, J., Morris, R., Meek, S.: Towards a tool for design ideation:
insights from use of SketchStorm. In: Proceedings of the 27th International BCS Human
Computer Interaction Conference (2013)

20. Lucena, P., Braz, A., Chicoria, A., Tizzei, L.: IBM design thinking software development
framework. In: Brazilian Workshop on Agile Methods. Springer, Cham (2016)

21. Miron, E.T., Muck, C., Karagiannis, D.: Transforming haptic storyboards into diagrammatic
models: the Scene2Model Tool. In: Proceedings of the 52nd Hawaii International Conference
on System Sciences (2019)

https://www.interaction-design.org/literature/article/introduction-to-the-essential-ideation-techniques-which-are-the-heart-of-design-thinking
https://www.interaction-design.org/literature/article/introduction-to-the-essential-ideation-techniques-which-are-the-heart-of-design-thinking
https://www.interaction-design.org/literature/article/stage-4-in-the-design-thinking-process-prototype/
https://www.interaction-design.org/literature/article/stage-4-in-the-design-thinking-process-prototype/
https://experience.sap.com/skillup/scenes-new-method-tool-create-storyboards/
https://experience.sap.com/skillup/scenes-new-method-tool-create-storyboards/
https://informatik.univie.ac.at/en/research/projects/project/278/
https://informatik.univie.ac.at/en/research/projects/project/278/
https://experience.sap.com/skillup/collaborative-sketching-drawing-a-bridge-between-ideation-and-prototyping/
https://experience.sap.com/skillup/collaborative-sketching-drawing-a-bridge-between-ideation-and-prototyping/
https://experiments.withgoogle.com/autodraw
https://www.interaction-design.org/literature/topics/design-thinking
https://www.interaction-design.org/literature/topics/design-thinking


46 E. Laurenzi et al.

22. Miron, E.T.,Muck, C., Karagiannis, D., Götzinger, D.: Transforming storyboards into diagram-
matic models. In: Chapman, P., Stapleton, G., Moktefi, A., Perez-Kriz, S., Bellucci, F. (eds.)
Diagrammatic Representation and Inference, pp. 770–773. Springer International Publishing,
Cham (2018)

23. Mohamed, A., Claudia, B.: Designing a digital service to improve the user experience of
conference organizers. Master thesis, Chalmers University of Technology Sweden (2017)

24. Mural: Think and collaborate visually. Anywhere, anytime. https://mural.co/. Accessed 01 Dec
2019

25. Nováková, K., Jakubal, V., Achten, H., Matějovská, D.: Collab sketch. eCAADe 2013(18), 213
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Text Mining Innovation for Business

Ela Pustulka and Thomas Hanne

Abstract This chapter reflects on the business innovation supported by developing
text mining solutions to meet the business needs communicated by Swiss compa-
nies. Two related projects from different industries and with different challenges
are discussed in order to identify common procedures and methodologies that can
be used. One of the partners, in the gig work sector, offers a platform solution
for employee recruitment for temporary work. The work assessment is performed
using short reviews for which a method for sentiment assessment based on machine
learning has been developed. The other partner, in the financial advice sector, oper-
ates an information extraction service for business documents, including insurance
policies. This requires automation in the extraction of structured information from
pdf-files. The common path to innovation in such projects includes business process
modeling and the implementation of novel technological solutions, including text
mining techniques.

Keywords Digitalization · Text mining · BPMN · Innovation · Anonymization ·
Gig work · Insurance brokerage

1 Introduction

Digital transformation is one of the most important business drivers nowadays [1].
Two concepts come into play in this area: digitalization and digitization. Roughly
speaking, digitization is the underlying change in the way we store and use infor-
mation, where we replace analog/physical storage and data handling with digital
information formats and data flows. Digitalization, on the other hand, deals with
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processes that can be completely new and have little to do with previous processes
that were the traditional way of doing business on paper or in other physical ways.

Both digitization and digitalization lead to profound changes in the way business
and society work. We see both processes as both sources and outcomes of innova-
tion. In digital transformation, the process of change usually takes place organically
within companies and originates within the minds of business leaders who shape
their business in such a way that they take advantage of the opportunities that arise.
Companies then often use external technical expertise to guide the development of
new business solutions [2, 3]. In this chapter, we focus on how digital transforma-
tion benefits from novel solutions based on text mining, which we develop with our
business partners.

The path to innovation is shaped by the business partners who state their needs.
Based on our experiences, the following steps in such projects are usually useful and
should be carried out in close collaboration with the project partners:

1. creating Business Process Modeling and Notation (BPMN) models [4]
2. obtaining datasets from the business
3. preliminary experiments to assess feasibility, based on the available data
4. designing an anonymization procedure (if needed)
5. obtaining more data
6. prototyping and assessment
7. refinement
8. business adaptation and use.

This approach combines the process with the data that reflect the common percep-
tion of text mining and data science defined as a “broader discipline that combines
knowledge from information technology and knowledge frommanagement sciences
to improve and run operational processes” [5], p. 811.

However, contrary to the assessment made by Aalst and Damiani [5] who expect
companies to have many processes with logs that can be mined, we work with small
or medium-sized enterprises (SMEs) that have often not documented their processes
anddonot have such logs, and thuswedocument the processesmanually.Wecarry out
a business process analysis to understand the business requirements and to develop
a shared vision of the future with our partners. Visualizing business processes with
BPMN is useful because it provides a level of clarity and a communication basis
that our partners can relate to. In one case, the analysis led the company to realize
that their processes had gaps that were not under their control, which is now being
addressed [6].

The second step in our approach is to gain access to datasets for text mining. After
initial experiments, we often find that there are not enough data for further analysis,
either in terms of volume or data complexity, and we ask for more. Since data privacy
needs to be guaranteed [7], we design anonymization solutions that give us clean data
that comply with the law. Then, in close collaboration with our partner, we develop
prototypes and evaluate them together to see if they meet business needs. Practice
shows that a viable solution has to provide high accuracy, with around 90% being



Text Mining Innovation for Business 51

sufficient. Finally, the companies take over the prototypes and integrate them into
products that offer business value.

Our contribution is the description of the innovation processes and their outcomes,
which lead to two business innovations. One is a text mining solution for the gig work
sector, which uses text mining for sentiment analysis. The other is ongoing work on
the development of an information extraction module for a platform that supports
insurance brokerage. In both cases, the development of individual solutions was
necessary because there was no suitable standard software available.

In addition to discussing some specific results of the two projects, this chapter
points out the partly common procedures and methodologies employed in the two
considered cases, which come from different industries and focus on different chal-
lenges. In Sect. 2, BPMN is discussed regarding its usefulness in innovation-oriented
projects, but also to introduce the reader to the background of the two projects and
the respective business domains. In particular, we present the developed BPMN
models. Section 3 dealswith general aspects of textmining in the considered projects.
Three specific application areas of text mining are discussed: the anonymization of
documents, sentiment analysis of user comments, and information extraction from
unstructured text files. Section 4 discusses our contributions and concludes.

2 BPMN Analysis for Applied Research Projects

We use Business Process Modeling and Notation (BPMN) to help us understand the
business scenario and requirements [4]. The graphical notation improves the general
understanding of the current processes and errors in our judgement can be clearly
spotted and corrected.Wework in two business areas: evaluation of gigwork jobs, see
Sect. 2.1 and information extraction serving the needs of financial service advisors
(insurance brokers), see Sect. 2.2.

2.1 Gig Work Platform Processes

Greenwood et al. [8], p. 27 define gig-economy platforms as “digital, service-based,
on-demand platforms that enable flexible work arrangements”. Our business partner
in the gig work sector has approximately 150 employees in Europe. The company
operates a part-electronicHR recruitment platformand canfind employees for tempo-
rary work assignments within a few hours of receiving an order from a potential
employer. The company uses traditional human-intensive processes to acquire new
business (employers) and mostly electronic processes to recruit workers and manage
the employment process. We initiated a joint research project focusing initially on
improving electronic worker recruitment and retention. Our research looks at the
entire business process. We identified some issues based on the priorities specified
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Fig. 1 Simplified illustration from [6]. Gig work process overview showing the worker lane, the
platform company lane, and the employer lane. Processes are numbered 1–6, with letters beside the
number, to distinguish between activities performed by the participants. Process 1, REGISTER, is
visible in the left part of the figure in all three lanes (1A to 1C). Process 2, HIRE, follows, as 2A–
2C. Process 3, GIGWORK, is outside the platform. Process 4, GIG COMPLETION/REPORTING,
involves all three lanes and is followed by Process 5, ANALYSE RATINGS (5A to 5C). Finally,
Process 6, ACCOUNTING, closes the transaction. All participants are modeled in one pool because
they share one marketplace

by the project partner (sentiment analysis and topic analysis of job reviews) and some
future work (automated analysis of CVs and assignment of job labels to them).

The company gave us a demo of the platform system and granted access to their
Wiki, which included platform documentation [6] in the form of a matrix showing
the system functions, both implemented and planned. In a short modeling session we
translated those functions into a BPMNmodel, see Fig. 1. This model was discussed
with the business partner, corrected, and frozen. In this case, the process is so closely
tied to the underlying platform that it is not changed until a new software version is
released, which is rare (from several months to a year).

Figure 1 shows an outline of the platform process which connects employers to
employees. The process can logically be divided into interactionswith employers and
employees, leading to three lanes in the diagram. From left to right, we see process
steps that start with the initiation of the business relationship (registration, step 1),
followed by hiring (step 2), job execution (work, step 3), gig completion/reporting
(step 4), job performance analysis (ratings, step 5) and accounting (step 6). Steps
2 to 6 are repeated for each new temporary assignment for which the prospective
employer wishes to recruit.

Textminingwill support theProcess 5B,Analyze ratings.After a gig, bothworkers
and employers rate each other. They provide a star rating (1–4 stars, with 1 being
poor and 4 excellent) and, if the rating is low (1–2 stars), they are required to enter
a comment explaining their rating. Comments can also be provided at high rating.
Currently, the platform company only communicates the star rating to the worker
and to the company (Processes 5A and 5C), together with the confirmed number of
hours worked. The job reviews, however, are not used. The business partner wants
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to communicate them to the parties involved and is in the process of deciding how
best to do this, as this needs to be part of the platform system. The project supports
this process by prototyping sentiment and topic analysis tools (both based on text
mining techniques) and proposing a sentiment dashboard, as detailed in Sect. 3.3.

2.2 An Information Extraction Service for Insurance Brokers

The second innovation project discussed in this chapter involves the provision of
financial advice services such as decisions regarding insurance contracts. Currently,
insurance brokers receive scanned documents from customers and take several
minutes per document to manually extract the most relevant information from
the document into the software they use to prepare a recommendation regarding
insurance-relevant requirements. The scenario is an extension of ideas already in
operation (Evia, “expert virtual insurance agent” [9]) and of the trend to automate
business processes and replace them with Robotic Process Automation [10]. The
business scenario includes three parties: the customer, the broker, and the company
providing the extraction service. The envisaged BPMN process is outlined in Fig. 2
(customer interaction not shown). The Extraction Service extracts information from
pdfs and produces structured data. This service is being implemented using text
mining.

Let us consider insurance policies as documents and focus on those issued in
Switzerland. There are up to ten large insurance companies and around 15 types
of insurance (vehicle, health, legal, etc.). Each of the insurance types encompasses
several possible types of coverage and related data (sum covered, period covered,

Fig. 2 An overview of the planned interactions between financial advice brokers and the Extraction
Service (ES). The insurance broker receives the paperwork from the customer, sends the documents
to the ES and obtains structured information which can be used to prepare a recommendation for
the customer. After the billing, the process ends
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exclusions, etc.). A policy covers only a selection of clauses and each of these clauses
typically has partial costs related to the coverage and the insured sum that are relevant.
It is possible to use information extraction technologies based on pdf annotation,
such as smartFIX [11], and create an extraction schema for each policy individually.
However, the analysis and full implementation take around eight days per policy.
Additional complications in the use of current information extraction tools come from
the insertion of advertising material and format changes that make the tools unstable.
The goal of the project is to design a tool for automated information extraction from
pdf documents. The tool will support the business process shown in Fig. 2. Text
mining will support information extraction as detailed in Sect. 3.4.

3 Text Mining Challenges and Solutions in Applied
Research Projects

3.1 Tasks and Challenges in Text Mining

Weiss et al. [12] draw the distinction between data mining and text mining as “num-
bers vs. text”. In text mining, the text is transformed into numbers and then data
mining procedures can be applied to a numerical representation. Typical applica-
tions of text mining are classification and prediction. In a classification setting, the
text is to be divided into “equivalence classes” with shared characteristics. In the
prediction setting, statements are to be made about the future, based on the past. Text
mining is used in information retrieval [13]. It is also used to cluster and organize
document collections, and support browsing [14]. Another application is informa-
tion extraction, i.e. converting text documents to structured documents that can be
searched and compared using database methods, or in data integration, e.g. [15].
Finally, in a predictive scenario, text mining can predict user needs during search or
browsing and support the user with suggestions.

As the applications described in this chapter are located in the area of human
resource management and financial advice, this section only covers the recent use of
text mining in these two domains. Piazza and Strohmeier [16] review the uses of data
mining in human resource management. In their opinion, the main success factors in
this area are related to the functional dimension (staffing, development, performance
management, and compensation), method dimension (algorithms), data provision,
information system provision, user support, and ethical and legal awareness. Their
review of 100 research contributions finds that 90% of work used data mining and
10% used text mining or web mining. Thus, only 10% of papers reviewed in [16]
make provisions for data privacy, which may be implemented via aggregation or de-
personalization (anonymization). Our scenarios require anonymization, as detailed
in Sect. 3.2.

Text mining is used extensively in the financial sector. Kumar and Ravi [14]
describemethods and applications. Theyfind that SVM(support vectormachines) are
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themost popularmethod, followed by naïve Bayes (NB), k-nearest neighbors (k-NN)
and decision trees. Financial applications include foreign exchange prediction, stock
market prediction, customer relationship management (CRM), and cybersecurity. In
the areas most related to our projects, they only mention the work of Ghani et al.
[17] on product attribute extraction. Other work in the area includes [18] describing
a system called Midas that uses information extraction, entity resolution, mapping
and fusion to integrate public data and support systemic risk analysis in the financial
market. Midas can help discover suspicious activities such as co-lending, and risk
at the company level, including relationships with other companies, key executives
and aggregated financial data. However, systems like Midas are too complex for an
SME and they need to be tuned to fit the business scenario. Tuning via expert user
interaction is also required in newer information extraction systems [19] and may be
a barrier to system adoption.

Text mining scenarios are a challenge to business for several reasons:

• Data may need to be anonymized (legal requirement).
• Large amounts of data are required to build statistical machine learning models

that guarantee the required quality of results, and many SMEs may not have
enough data to use data mining.

• As text mining is constantly evolving, being aware of the latest developments in
research (including new methods or open source software) is a prerequisite.

• Several rounds of prototyping are needed to develop solutions of the required
quality, as published methods do not necessarily deliver the best results on
company data and need to be extended, tuned, or combined with other published
methods.

• Domain specific adjustments are required and result in improved quality. In the
projects described in this chapter, this involves the language, specific vocabu-
lary, and other text characteristics (short utterances or even lists). In the senti-
ment analysis described in Sect. 3.3, there are three languages (German, French,
and English) with very short textual comments. In information extraction (see
Sect. 3.4) the situation is similar, as we have financial documents in German,
French, English, and Italian, including insurance policies, tax statements, bank
statements, and ownership certificates.

3.2 Data Anonymization

Text mining requires considerable amounts of data to achieve the quality acceptable
for business use. Sensitive personal documents, such as insurance policies or bank
statements, are a challenge because they cannot be used directly in text mining due
to data protection regulations [7]. In our work (in both projects), we started with
a simple approach that was appropriate in the context of sentiment analysis, and
developed it further to anonymize financial documents. Providing anonymization
software to the business partner was the best way to ensure that we did not handle
private data, as the original data remained with its owners.
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Table 1 Pseudo-code of the preprocessing and anonymization algorithm, usedwith each file, called
pdffile. Tokenize splits on space. Intersection is the set intersection

In the project with the gig work company, the amount of text that had to be
anonymized consisted of only a few thousand short text fragments. The data had
random IDs and we only had to remove names, dates and, phone numbers from the
text and comments written by the employers and the employees. We used regular
expressions (REs) and a dictionary of the thousand most common Swiss names from
a public website in order to identify the names in the documents. We also searched
for expressions starting with “Mr”, “Mrs”, “Customer” and their equivalents in three
languages. However, this approach did not guarantee high quality, which made us
develop a more complex solution designed for financial data.

The anonymization algorithm we developed subsequently relies on the existing
information sources available in Switzerland. First, we use an address register
provided by the Swiss Post [20], out of which we extract valid street names, here
called street. Second, we use the register of the most common Swiss given names
[21], here called firstnames. The algorithm is shown in Table 1. It first loads the
streets and first names into sets (lines 1 and 2). It then traverses the document and
uses Pdfminer [22] to extract the bounding boxes (line 5). The text extracted from
these is turned into a set of words and set intersection delivers the tokens that are to be
anonymized (lines 8 and 9). These tokens are then processed by REs in accordance
with customer requirements (lines 11–16).

3.3 Sentiment Analysis

The analysis of the gig work platform processes and the discussions with the project
partners led to the identification of the need for a sentiment analysis of job reviews
written by the workers and their employers. As mentioned above, reviews carry a
star rating with 1–2 stars seen as “negative” and 3–4 stars as “positive”. However,
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the star ratings are often not consistent with the textual content of the comments
[23], as pointed out by the company. This led to an effort to automatically assign
a sentiment value, with classes defined differently: “negative” are the statements
containing criticism and “other” are the positive or neutral ones, no matter what the
star rating was. “Negative” statements are of interest as they point to problems and
can help improve the business and ensure higher customer retention.

A summary of the results [23] is shown in Table 2. In prototyping, manually
assigned sentiment labels on 963 job reviews were used, 26% of which were labeled
“negative”. Machine learning was based on Scikit-learn [24]. The highest accuracy
of automated sentiment assignment was 86%, with logistic regression and SVM
performing similarly (shown in bold). As the data set is unbalanced, we also show
the Matthews correlation coefficient [25].

This initial analysis was discussed with our business partner and led to further
development, with additional data annotation and improved quality as shown in
Table 3. The resulting accuracy of over 90% is acceptable in the business scenario.
Figure 3 shows the learning curve that flattens out as more data is being added to the
model.

The next step in the project was to position the use of sentiment analysis prediction
in the business. The gig work company operates a help desk and a customer care
department thatmonitor daily activity and look at trends. Similarly, salesmanagement
regularly reviews the quality. In the project, a sentiment display was prototyped, part
of which is shown in Fig. 4.

Table 2 Sentiment analysis results as reported in [23] with 963 rows of data. SVM is a support
vector classifier, k-NNstands for k-nearest neighbors, Tree is a decision tree, LR is logistic regression
and RF is random forest. Accuracy, Matthews’ coefficient and the F1 measure are shown for these
methods

SVM C = 1 k-NN Tree LR RF

Accuracy 0.866 0.836 0.820 0.869 0.839

Matthews 0.634 0.555 0.515 0.646 0.551

F1 0.913 0.893 0.881 0.914 0.897

Table 3 Improved sentiment analysis after further manual sentiment scoring, with 2428 rows
of data. Logistic regression performs better than the support vector machine (both in bold). The
confusion matrices are shown with the target class containing negative comments in the top left
corner

SVM C = 1 k-NN Tree LR RF

Accuracy 0.906 0.870 0.862 0.920 0.867

Matthews 0.732 0.622 0.617 0.777 0.613

F1 0.939 0.917 0.910 0.948 0.915

Confusion
matrix

[[428, 154],
[74, 1772]]

[[358, 224],
[91, 1755]]

[[402, 180],
[154, 1692]]

[[466, 116],
[77, 1769]]

[[353, 229],
[93, 1753]]
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Fig. 3 The learning curve for logistic regression with the larger dataset shows that adding more
data does not improve the results dramatically, but a marginal improvement should still be possible

Fig. 4 A prototype of sentiment visualization showing company sentiment towards workers over
time. It is possible to select only the ratings with textual comments (tick box top right), select a time
range by using the slider, or view the text details and reclassify the comments (i.e. change negative
to other or the other way around, not shown)

Ongoing work is addressing the topics appearing in the sentiment analysis. We
are testing the use of biterms [26] to identify topics in multilingual text. The idea is
to match the topics that are found automatically with worker and company concerns
expressed via other channels such as face to face or helpdesk contact.
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3.4 Extraction of Structured Information from Unstructured
Text

Text mining in the financial advice sector (insurance brokerage) supports the devel-
opment of an Extraction Service (ES) shown in Fig. 2. The service will parse pdf
documents from customers and deliver structured data for financial advice brokers.
Information extraction is an established research area [15]with recentwork including
[19]. Our approach builds in particular on the work on document similarity, such as
recent CV to jobmatching done byXu andBarbosa [27], and builds a domain specific
solution consisting of the following elements:

• A knowledge base reflecting the internal company schemas and an external
dictionary of the terminology used in the area.

• Document anonymization as shown in Table 1.
• Document sectioning, based on font size and layout.
• Calculating text similarity measures derived from documents and the knowledge

base and using them to improve the sectioning and identify features and algorithms
that work well in our context.

• Selecting the features to be used in segmentation and matching and using an
optimization algorithm to find the best features and algorithms, inspired by results
reported by Fua and Hanson [28].

• Refining our solutions to suit the business need and extending them to further
document types.

Based on a large set of anonymized documents from our business partner, we
are entering the document analysis phase that will identify potential solutions. In
addition, a knowledge base capturing company schemas is to be built.

4 Conclusions

Our work applies the latest research findings in text mining to business scenarios
where innovation is needed. Applied research projects shape a new business reality
and help companies capture new markets or tame new technologies. These new
developments are part of digital transformation as they change business processes
and offload manual data processing to artificial intelligence solutions.

We have performed business process analysis and specified the business require-
ments. Text mining has already delivered reliable methods for sentiment analysis
and document anonymization. We are now working on topic analysis and informa-
tion extraction and trying out various methods to find the best combinations of text
features and data mining algorithms. Our future work will be to tailor the known
solutions to the domain of interest and to use machine learning.

For the considered fields of application (sentiment analysis, document anonymiza-
tion, extraction of structured information) and text mining problems in general, there
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are many methods available but no standard approach will solve all the problems
equally well. Usually, it depends on the specific data which approaches work well
enough and which do not. Therefore, a comprehensive evaluation of the methods,
the individual preprocessing of data and the fine-tuning of the methods is suggested.

Unfortunately, the limited budget of research projects does not allow for extensive
explorations of alternative approaches. In addition, time constraints often suggest
developing a solution that is sufficiently efficient, but not necessarily optimal.
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Using Mobile Sensing on Smartphones
for the Management of Daily Life Tasks

Dilip Menon, Safak Korkut, Terry Inglese, and Rolf Dornberger

Abstract Today, all smartphones contain a variety of embedded sensors capable of
monitoring and measuring relevant physical qualities and quantities, such as light or
noise intensity, rotation and acceleration, magnetic field, humidity, etc. Combining
data from these different sensors and deriving new practical information is the
way to enhance the capabilities of such sensors, known as sensor fusion or multi-
modal sensing. However, the authors hypothesize that the sensing technology that
is embedded in smartphones may also support daily life task management. Because
one of the biggest challenges in mobile sensing on smartphones is the lack of appro-
priate unified data analysis models and common software toolkits, the authors have
developed a prototype for a mobile sensing architecture, called Sensing Things Done
(STD). With this prototype, by applying multimodal sensing and gathering sensor
data from performing a specific set of tasks, the authors were able to conduct a
feasibility study to investigate the hypothesis set above. Having examined to what
extent the task-related activities could be detected automatically by using sensors of
a standard smartphone, the authors of this chapter describe the conducted study and
provide derived recommendations.

Keywords Mobile sensing · Task management · Smartphone sensors · Automatic
task detection · Daily life tasks

1 Introduction

With the fast development of mobile hardware and software, smartphones are
becoming increasingly more powerful and “smarter”. Nowadays, smartphones are
more than a communication tool for their users. In fact, they are life-dominating
multi-functional tools that offer not only a camera and a media player, but also a
calendar, e-mail, a fitness tracker and, most importantly, access to the Internet. In
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addition, smartphones not only respond to their users’ wishes and needs, but they
also sense and act in a sophisticated way to support users. In fact, the driver that
makes data smarter for this application area is called sensing technology. However,
the challenge of mobile sensing technology is to identify and retrieve the right sensor
data and appropriately process and analyze that data using efficient methods [1].

In practice, it remains unclear, to what extent the standard sensing capability of a
conventional smartphone would be sufficient and feasible to offer its user additional
benefits. At the end of the first decade of the 21st century, an attempt was made to
extend smartphones to Personal Digital Assistants [2] to support professionals, e.g.,
by reminding themof appointments or assisting themwith navigation.Now, at the end
of the second decade of the 21st century, users’ expectations of managing their daily
tasks are much more complex. The calendars can be overloaded, appointments have
to be sharedwith several participants, andmultiple activities have to be organized and
tracked at once. It seemsonly logical to use a smartphone that can continuously collect
data sensing its user’s behavior, process this data into activity-related information, and
validate the derived information with the tasks to be performed within a demanding
task management application.

This chapter is divided into four main parts. Section 2 describes the capabili-
ties of sensor technologies and their potential applications for daily task manage-
ment. Section 3 discusses a mobile sensing architecture that enables such a sensor-
supported task management system. In Sect. 4, the authors introduce the developed
Sensing Things Done (STD) prototype and the conducted feasibility study [3] that
examined to what extent task-related activities could be detected automatically using
standard smartphone sensors. Further, Sect. 5 describes the experiments performed
within the said feasibility study contextualizing the analyzed data. Finally, the authors
discuss the results and further research applications.

1.1 Relevance Within and for Mobile Sensing Systems

The present study, in spite of its limitations, fitswellwithin the new streamof research
of the so-defined intelligent positive computing services, such as those proposed by
Lee et al. [4], which inevitably implies a holistic perspective, including a wide range
of disciplines requiring a cross-disciplinary collaboration among computing, design,
human computer interaction, and psychology. In fact, according to Lee et al., one of
the main components of mobile sensing systems is the primary agency for behavioral
change in human beings [4].

Laport-Lopez et al. [5] differentiate between two categories: People-centric and
environmental-centric. They highlight the still open areas in which interdisciplinary
mobile sensing systems can be explored: Privacy, formal argumentation, scalability
in crowded environments, and the use of devices that are able to detect and recognize
emotional information.

In this chapter, the authors share an approach to how mobile sensing systems can
be designed and how data can help drive changes in daily behavior.



Using Mobile Sensing on Smartphones … 65

2 Sensor Technologies and Capabilities

Over the last two decades, smartphone-suitable sensors have become smaller and
more accurate while using less power [6]. Today, smartphones contain a variety of
embedded sensors capable of monitoring and measuring all relevant physical quanti-
ties such as light or noise intensity, motion, e.g., rotation and acceleration, magnetic
fields, humidity, etc. Combining data from different sensors and deriving new infor-
mation is the way to enhance the capabilities of sensors—this is known as sensor
fusion or multimodal sensing [7]. Furthermore, smartphones use open interfaces to
external web services to further process the aggregated data. For example, the combi-
nation of location sensor data (e.g., GPS data) with location services (e.g., map
services) allows tracking and providing location-based information, such as recently
visited places. By combining different motion sensors, also partially extended with
external services, smartphones can gather information about the user’s physical activ-
ities, such as counting steps or calculating the speed of transportation (also where
GPS is not available). Environment sensors, such as ambient light sensors, air pres-
sure or humidity sensors, capture information from the user’s environment. Further,
the most common smartphone sensors and their usage are briefly categorized with
respect to positioning, movement, environment, and other aspects.

Location and position sensors are the primary source for determining the loca-
tion of a smartphone. Outdoors, using the systems of GPS, GLONASS, Galileo,
or BeiDou, a triangulation with satellites offers a positioning accuracy of a few
meters. Based on location-based information from the telecom cell towers andWi-Fi
hotspots, this generally also works indoors, and increases the accuracy of the posi-
tioning to centimetres. Connecting a smartphone via other communication means,
such as Bluetooth or Near Field Control (NFC) sensors, increases the accuracy of the
local positioning even further. Moreover, magnetic field sensors measure the Earth’s
geomagnetic field determining the orientation of the device relative to the magnetic
North [8]. The rotation of the mobile device is computed by using the angular rate
of the mobile device’s gyroscope on the three physical axes (vertical, lateral, and
longitudinal) [8, 9]. Other types of sensors, providing a type of local positioning,
are the proximity and distance sensors. To trigger context-based activities, they help
detect whether the smartphone is being held near the user’s face. For this purpose,
either infrared or capacitive proximity, or even light sensors are used.

Motion sensors detect physical movements. For example, by measuring the accel-
eration of the device relative to the earth’s gravitational force, the accelerometer
can be used to detect its local orientation and—sometimes directly, sometimes with
particular post-processing—also the tilt, shake, and rotation or swing actions of the
device [8]. In addition, the previously mentioned gyroscope often acts as an addi-
tional motion sensor that measures the change (or the rate of change) in translation
or rotation in or around the three physical axes.

Virtual sensors are no physical hardware sensors, but rather software sensors.
They can mimic real sensors by using data from one or more hardware sensors,
combining and enriching the sensed data to provide specific new information. For
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example, the virtual sensor linear acceleration uses the information of the accelerom-
eter on all three physical axes and deducts the force of gravity to get pure device
acceleration without gravitational effects. Thus, such virtual sensors can estimate
significant (extraordinary) motions that serve as tilt detectors and step counters with
higher precision compared to the motion sensors alone [8].

Environment sensors scan the surrounding environment of the device like the
ambient temperature, light, etc. Sometimes smartphones have an embedded pressure
sensor, which measures the barometric pressure used to determine the altitude and
measure the change in altitude, e.g., to determine the change in the floor level of
a person walking up or down the stairs inside a building [10]. Finally, a humidity
sensor measures the relative ambient humidity like a hygrometer [11].

Other sensors or sensor-like components are the microphone, camera, touch-
screen, fingerprint sensor, etc. In fact, microphones can record and identify the sound
and noise of the environment, as well as help recognize the voice of the speaker or
the (known) conversation partner [12]. The camera not only performs digital image
processing (including face recognition) and video recording, but also detects ambient
light. Touch sensors perceive the user input (touchpoint) on the screen and identify
a fingerprint with a particular type of touch sensor. However, touch sensors are not
considered in this research.

To further elaborate on the variety of mobile sensors, the authors present a mobile
sensing architecture in the next section.

3 Mobile Sensing Architecture

Mobile sensing architecture provides three layers respectively phases, where sensors
collect, process, and finally present the data—in this case as activity information
to the smartphone users. Lane et al. [6] characterize these three phases as sense,
analyze/learn and inform/share/persuade, which the authors further explain below.

3.1 Sensing Phase

Modern smartphones provide a variety of hardware sensors able to receive rawdata of
physical quantities. In the sensing phase, the most common activity-tracking smart-
phone sensors are microphones, GPS, and accelerometers. It is possible to improve
the activity detection by combining data from these and other sensors (i.e. sensor
fusion). Sensing takes place either at certain events or continuously. However, contin-
uous and/or concurrent sensing has a huge impact on the energy consumption of
the smartphone and its battery life [13]. Additionally, the sensing of data may be
more difficult to perform due to external conditions, e.g., background noise, and the
possible context change, while switching between different apps for instance.
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3.2 Analyzing and Learning Phase

In the analyzing and learning phase, the biggest challenge is that there is no unique
approach to meaningful processing of activity detection data. Raw data from the
sensors are onlyworth something if it is possible to turn them into correct information
and additional knowledge for the user—here, to detect and manage user tasks. These
relations from data to information are often referred to as the DIKW Pyramid [14],
which stands for data, information, knowledge, and wisdom (where the generation of
wisdom is not considered). It is possible to use approaches such as statistical inference
and data mining to learn from data. In the past, various established data mining
algorithms have been used (mostly validated with given test scenarios); however,
recently, methods belonging to machine learning and other artificial intelligence
approaches are increasingly applied to improve the quality of activity detection. Thus,
it is possible to speed up the learning phase and find unknown patterns. In addition,
with the potential of big data, these methods are becoming prevalent in research and
industry [15]. When processing the sensor data in a particular way, it is possible
to achieve context modeling. For example, assessing sound patterns recorded by the
microphone, the detected noise surrounding the user can help predict the environment
(like other people, places, and vehicles). However, such CPU-intensive calculations
in real time limit the smartphone’s battery life [6].

3.3 Informing/Sharing and Persuading Phase

The informing/sharing and persuading phase allows activity feedback to generate
awareness of the information brought to the users through the mobile sensing appli-
cation. This information can be either individual statistics or social- and community-
based comparisons. Mobile sensing applications often have the potential to change
the user’s behavior in a positive way. However, as mobile sensing applications gener-
ally track and process a huge amount of data (including sensitive information), secure
and sensible data-handling is highly relevant.

3.4 Sensing Scale in Mobile Sensing Architecture

Lane et al. [6] introduced three different types of sensing scales, which can bemapped
to the mobile sensing architecture.

1. Applications that focus on personal sensing, designed to process data of a single
individual, such as tracking particular exercise activities or personal itineraries.

2. Group sensing applications collect data from two or more people who share a
common goal or interest, e.g., when two people meet in real time.



68 D. Menon et al.

3. Community crowd sensing is the next step to leverage the power of sensor data
in general to common knowledge. Combining many people’s data into a big data
collection can provide a comprehensive overview of certain aspects of knowl-
edge. For example, to see howmuch the local residentswere exposed to pollution,
Predic et al. [16] combined the air quality data collected from sensor networks of
cities with people’s activity data collected by smartphones. Further, Rana et al.
[17] used the microphones of all involved smartphones as the sensors to monitor
the environment for noise pollution.

4 Feasibility Study of Applying Mobile Sensing for Task
Management

In addition to the lack of appropriate unified data analysis models and common
software toolkits, due to privacy issues, the possibilities of sharing and accessing
public data repositories to test and train the software are very limited. To overcome
these limitations, the authors created a feasibility study [3] designing a smartphone
prototype that derives sensor data from performing particular tasks and processes it
through multimodal sensing. The authors explain the study in further detail in the
following sections.

4.1 Requirements of the Mobile Sensing Prototype
for Detecting Tasks

The developed mobile sensing prototype provides an easy-to-use daily task manage-
ment system via to-do lists, using smartphone sensors, and a mobile sensing archi-
tecture. Thus, the activity information from the multimodal smartphone sensor data
is processed in order to recognize and inform the user about the tasks performed (as
daily achievements) and assist in managing the remaining tasks.

With this daily task management system, the users receive real-time feedback
that is comparable to their perception, thus, the intention is to create awareness and
motivate the users, reducing the cognitive load of managing tasks alone [18]. To use
mobile sensing for tracking activities relevant for daily task management throughout
the day, two factors determine the relevance: (1) frequency of activities and (2)
locations where the persons spend time to perform these activities.

Thus, the identified set of detectable relevant daily activities contains being at
work, studying, performing household tasks (e.g., vacuum cleaning), shopping as
well as performing physical activities like running, walking, and sleeping.

Further, the authors also analyzed the potential for automatic detection of these
activities; and automatic or at least semi-automatic detection (in the sense that post-
processing detects the task) is possible by sensing the following aspects:
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• Detect the location, where only unique tasks can be performed most likely, e.g.,
work takes place most likely at the office.

• Identify physical activities of the user that are unique to a particular task, e.g.,
running provides a particular sensor data pattern distinguishable from all other
activities.

• Sense the environment, and leverage the activity detection, e.g., analyzing the
microphone data to detect an operating TV and assume that the person is watching
TV.

Furthermore, followingBulling et al. [19]who defined particular characteristics of
human activity recognition, these requirements are also adapted for the development
of the prototype:

• Generalizationmeans that the activity recognition must work independently from
the user, thus, it is important to track the smartphone and the user-performed
activities, not the persons themselves.

• Recognition states that the sensor data streams are continuous but activity recog-
nition analyses are possible in batches of records (i.e. snapshots, e.g., segmented
per minute).

• Execution prevents activity recognition analyses from running continuously. As
the prototype is for demonstration purposes only, it is also possible to perform the
analyses with a time shift or even offline so as not to be limited by the computing
power of the smartphone.

As a prerequisite for the prototype, the tracked sensor data does not need to
be processed immediately, but only in batches of records and with a time shift.
Despite the ubiquity of the modern mobile devices, their computing capacity could
be considered a limitation on a larger scale of task detection [5].

Additionally, the feasibility study assumes that, even with standard smartphones
and common data analytics methods and tools, the management of daily tasks can
be enabled (respectively improved) by additionally using smartphone sensor data. In
addition, the aspect of user privacy could become a problem in a real-life application
scenario, where a possible solution could be to keep the obtained data on a local
system without sending information to the server. However, for this feasibility study,
the participants willingly shared their data [5].

4.2 Implementation of the Prototype

Based on the above described mobile sensing architecture, the Sensing Things Done
(STD) prototype supports processes that use mobile sensing as described by Lane
et al. [6]: Two continuously running process cycles are responsible for sensing the
sensor data (sense cycle) and analyzing the sensor data for activity detection (analysis
cycle). The third process (inform) shows the user the detected activities associated
with the intended tasks.
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Following the requirements, the first STD prototype version uses different
common software components (web services), such as the habit tracker app Habitica
API [20], the SensingKit—amulti-platformmobile sensing framework [21], Google
Play Service—a proprietary background service for Android devices [22], the Weka
Machine Learning software for Java [23], and Android OS. In addition, it is not
their origin or their providers that are important, but their functionality. Thus, other
services providing the same functionality can be used instead of the mentioned ones.

4.3 Architecture of the STD Prototype

Figure 1 shows the architecture of the STD prototype and how the different compo-
nents relate to each other, including the data flow.The blue parts are specially encoded
for the STD,while the other components are generally available services, whichwere
used with the STD. Here, Habitica Task Management and Google Play Services are
the only external services that the STD accesses online. All other components are
implemented on the smartphone, where the SensingKit retrieves the raw sensor data.

4.3.1 Database Component—The Sensing Things Done STD DB

The prototype uses a single database, called STD DB in Fig. 1, to store all persistent
data: User configurations regarding tasks and locations as well as the sensor data
records retrieved from the smartphone sensors, and the (pre-)analyzed data.

Particular task-specific information needs to be configured when initializing the
prototype. Each task that needs to be detected is related to its potential locations.
Additionally, each task is described by generic activity patterns, which are related

Fig. 1 Architecture of the Sensing Things Done (STD) prototype: component view
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to possible sensor data matching these patterns, e.g., vacuum cleaning involves slow
movements within a limited area. Further, the tasks that are prone to particular envi-
ronmental aspects are described with additional detectable characteristics, such as
particularly loud background noise during vacuum cleaning.

4.3.2 Components Related to the Sensing Phase

The sensing service component captures the sensor data provided by SensingKit,
which collects and stores the raw sensor data (see Fig. 1), allowing the analyses of
time shifted (offline) data. This Sensing Service also enriches the sensor data with
information from external background services, e.g., Google Play Service.

Geo-fences are virtual representations of geographic areas in the real world and
geolocation services can detect the current location of a smartphone. For example,
in the STD (see Fig. 1), the Google Play Service is used to provide the location of
the smartphone with high accuracy—by choosing the best combination of location
sensing via sensor fusion, e.g., GPS, Wi-Fi, etc. When activated, the sensing appli-
cation predicts a location with a given radius around the exact coordinates (called
geo-fence). For the prototype, an outdoor geo-fence area with a diameter of 50mwas
tested as a sufficient upper limit, while with an optimal Wi-Fi connection indoors,
an accuracy of 5 m and less was applied. Google Play Service sends a geo-fence
notification to the STD, which stores the visited location along with all additional
available information (like additionally predicted activities processing the motion
sensor data) locally in its database.

Since the requirements of the prototype allow the sensor data from the smart-
phone sensors (see Fig. 1) to be captured in periodic intervals (by SensingKit) and
stored in the database as sets of snapshots (by Sensing Service), the reason why
data is not continuously captured and stored is, firstly, because the sensing interval
is much higher than the information needed. Secondly, there is no guarantee that
the smartphone sensors will be fully synchronous, because they often have different
sampling rates, up to firing only once when values have changed (e.g., the light
sensor). Thus, data synchronization and consolidation is necessary, for example, by
taking these snapshots every five seconds to ensure good granularity that allows just
enough snapshots to determine an activity at a specific moment.

4.3.3 Components Related to the Analyzing and Learning Phase

In the STD, the authors have developed a so-called Analyzing Service. It retrieves
the geo-fence-enriched sensor data records from the database and, before it writes
back the processed information, it filters out the data records that seem to be inaccu-
rate. Furthermore, the geo-fencing service delivers ambivalent outcomes, resulting
in too large a confidence range to accurately locate the smartphone and relate it to
a particular task. If the confidence range is too large, the potential number of false
positives increases too much.
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Using the Google Play Service in the STD provides a kind of an activity analyzer
working in a similar way as the geo-fencing analyzer. Based on the sensed data, the
activity analyzer tries to recognize particular activities, such as step counting. This
information is also delivered back to the Sensing Service, which then writes this
information with all other data into the database.

This way, the Analyzing Service receives all this information (filtered sensor
data records, processed location information (geo-fencing), and pre-analyzed activity
information) and processes it with the help of a specificmachine learning component,
here, the Weka Machine Learning suite [24], which, in turn, provides a library of
machine learning algorithms. In the STD, this tool is used for the identification of
specific activity patterns.

4.3.4 Components Related to the Information/Sharing and Persuading
Phase

Finally, the prototype performs the task detection on demand, when the user opens
the review screen in the user interface (UI). In general, the steps performed in the UI
component are:

1. Retrieval of all current open tasks from the task management system. Here, the
Habitica Task Management service is connected to the UI component.

2. Evaluation of the match between the characteristics of this task and the sensor
data, the retrieved location, and the processed activity pattern (for each task).

As a result, the STD assumes the complexity of the various steps until it provides
mobile-sensing-supported task management to the user. Raw sensor data (motion,
noise, etc.) with different sampling rates are retrieved, bundled (by the SensingKit),
and further enriched with geolocation information as well as partly pre-processed
(by Google Play Service) geo-fencing information and activity pre-detection. All
data is stored in the database to study the feasibility regardless of the smartphone’s
computing power. By using machine learning (by Weka) the activity detection is
assigned to a task detection. A task management tool (Habitica) controls the task list
for completion, while the STD combines all the information and matches the sensed
activities to the outstanding tasks.

5 Experiments in the Feasibility Study for Mobile Sensing

In order to investigate to what extent task-related activities are detectable automat-
ically by using smartphone sensors, the authors evaluated the STD prototype with
mixed evaluation methods of testing and descriptive scenarios. Four test persons
used the prototype in given everyday scenarios, which are to be detected as part of
their tasks. This feasibility study for task detection by mobile sensing used standard
(not high-end) smartphones—an LG Nexus 5 and a Sony Xperia Z5 Compact with
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Android 5 and 6—and tested different aspects involving mobile sensing for activity
or location detection [3].

5.1 Location and Motion Detection Using Standard Sensing
Services

5.1.1 Location Detection

Many tasks and therefore the underlying activities performed by humans, are
primarily detectable by identifying the location of the activity and/or the speed of
motion of a particular activity. This can be performed well by using external standard
sensing services, such as the Google Play Service.

First, the authors tested the accuracy of the location detection, determining its so-
called confidence radius. For this purpose two pre-configured locations were selected
using the research scenario described by Stikic et al. [25]. Because of the locations
where the experiments took place (generally Wi-Fi-equipped indoor locations in
buildings), the confidence radius of the geo-fence locating of smartphones ranged
between less than four meters to a maximum of 20 m. Consequently, task-based
activities performed in specific indoor locations more than 20 m away from each
other could be detected by only using the sensed location. The authors conducted
a similar experiment to determine the confidence radius in outdoor scenarios to
distinguish particular tasks only by the location of the performed activity.

5.1.2 Motion Detection and Step Counting

It is possible to clearly detect some activities because they are explicitly related to
specific activity patterns. Such activities are walking and running, where the steps
taken might be well identified and pre-processed by external smartphone services,
such as step counting via Google Play Service.

In the experiment, the authors tested the capability of counting steps by comparing
the values of a hardware step counter (a Fitbit device) and the smartphone step counter
using mobile sensing. Different users walked from one location to another forth and
back at a 400-m linear distance at a speed of around 5 km/h. Each change of a geo-
fence state was captured by noting the time, the current coordinates, and the location
detection accuracy using the geo-fence service by Google Play Service. The step
count with the Fitbit was 1283 steps, whereas with the smartphone step counter it
averaged 1311 steps (+2.2%). Extending the walking distance with some detours
(e.g., up and down stairs) the step count was 1689 steps with the Fitbit and 1711
steps with the smartphone (+1.3%).

These tests showed that the external mobile step sensing and counting services
including geo-fences were very accurate in the given scenarios. Motion detection
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and step counting were used to predict and distinguish particular tasks, e.g., walking
and running from bike cycling. The confidence radius of localizing the activity was
higher inside (with an acceptable range between four and 20m, due toWi-Fi sensing)
than outside (using only GPS, telecom). Additionally, performing tests at different
speeds of movement showed that the confidence radius did not necessarily increase
with the speed of the movement.

Furthermore, the test scenario was extended by making the walking patterns more
complex: Walking to the train station, waiting for and then taking the train. Once
again, the mobile sensing step counter showed similar results compared to the Fitbit
tracker (+2.2% is still the maximum deviation).

5.2 Detecting Particular Tasks Using Mobile Sensing

Task management is facilitated when certain tasks contain unique activities and/or
unique sets of properties of these activities (e.g., distinct location and speed of move-
ment). Using location detection to identify a particular location or at least a particular
geo-fence location such as outdoor or indoor, many activities can already be clearly
assigned to particular tasks.

5.2.1 Activities in Outdoor Scenarios

The authors chose four outdoor activities to be detected by mobile sensing, namely
walking, running, biking, and resting. These activities were distinguished by their
speed of motion: resting has a speed of motion of 0 km/h, walking—of about 5 km/h
(> 0 to 6 km/h), running—around 8 km/h (6 to 10 km/h), and biking—around 15 km/h
(10 to 20 km/h).

In the experiment, the activity recognition by external services successfully
detected the four activities in different scenarios identifying exactly which motion
activities the humans were performing. Except, the sensedmotion data for the resting
phase sometimes did not deliver a speed of 0 km/h, but slightly more. To solve this
problem, a threshold for resting had to be set at about 0.1 km/h.

5.2.2 Activities in Indoor Scenarios

In this scenario, the four tested activities were sitting, walking around in buildings,
vacuum cleaning, and sleeping. Because external activity detection services did not
provide a sufficient activity recognition to distinguish these four activities alone,
the STD component Activity Analysis was additionally trained to identify these
activity patterns using theWekamachine-learning component. Furthermore, in order
to distinguish the activities with zero motion speed (i.e. sitting and sleeping), sensor
fusion was used to enrich the location detection with ambient light detection; and,
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in order to distinguish vacuum cleaning from walking and sitting, sensor fusion was
used to enrich the motion detection with ambient noise detection.

To identify these indoor activities, several test runs were re-done using different
smartphones.Different training and classifiermethods belonging tomachine learning
were tested [3] (not examined in this chapter). The results showed that, with the given
setup of using three detection methods in parallel (location, Google activity, and
Weka analyzer with Naïve-Bayes method) an acceptable output was reached, giving
immediate feedback to the user. However, quite often the trained models failed to
recognize the vacuum cleaning.

5.2.3 Detecting Activities and Related Tasks in a Day Scenario

The day scenario included these four activities: (1) Getting up in the morning; (2)
Commuting by bike and train to work; (3) Buying bread from the configured location
after work, and (4) Returning home.

In the performed experiments, these activities (respectively tasks) were detected
sufficientlywell (i.e. the performed activitiesmore or less corresponded to the tracked
ones) with only some minor deviations: The data from the wrist-worn step counter
differed by around 15% due to the fact that the mobile was not always carried with
the experiment participant. During biking, the STD tracked 5 min, while the user
was on a cycle for around 6 min.

5.3 Managing Tasks by Sensing Locations and Activities

In another experiment, the authors created particular tasks in the Habitica task
management system and mapped them to activities and/or locations as shown in
Table 1, before the user performed the related activities. Additionally, a particular
value range was assigned in order to characterize the task as fulfilled.

The task list contained more entries than the user could accomplish in a day.
This was intended for crosschecking in case false positives were detected. All users
carried their phones in their pockets. The performance or non-performance of a task
was detected either correctly or marked as a wrong detection. Some activities (e.g.,
“Buy milk”) were not detected as the supermarket was quite big and the geo-fence
was not touching the visited area. Additionally, the first minute of cycling was not
detected. The cycling activity was inaccurate, probably due to a very slow speed, so
that even the step goal was not reached. The step counter of the Fitbit tracker and
the STD showed a huge difference that could not be explained compared to other
results.
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Table 1 Managing tasks by
sensing locations and
activities

Task list Assigned
motion
activity

Assigned
location

Value ranges

Buy milk Rest Supermarket
location A

Performed

Buy beer Rest Supermarket
location B

Performed

Cycling Biking Outdoors >60 min

Daily walk Walking Outdoors >3000 steps

Jogging Running Outdoors >20 min

Sleep
enough

Rest Home location
C

>420 min

Check
habitica

Rest Indoors Performed

Talk to
customer

Rest Office location
D

Performed

6 Summary and Conclusions

People have to perform many tasks every day, while they usually carry their smart-
phones (or other smart devices). The key question in this research was: “Why not
use the smartphones to support managing the tasks to be performed?” The smart-
phones contain various embedded sensors to sense different physical variables such
as location, acceleration, ambient light, and noise. Using these sensor data—fused
and pre-processed by connected external services and assessed by machine-learning
algorithms—various activities performed by the smartphone users can be detected
and quantified such as the speed of movement, number of steps, exact location with
environmental factors, e.g., ambient light and noise.

The idea behind this research was to use the capabilities of mobile sensing to
detect specific human activities andmatch themwith the tasks on a given task list. The
authors created the Sensing Things Done (STD) prototype to study to which extent
task-related activities are detected by mobile sensing using standard smartphones.
The developed prototype proposed a general solution, by designing a system, using
smartphone sensors to detect the person’s daily activities, and providing the evaluated
activity information to a task management system.

It was shown that many different activities and related locations could be detected
by the smartphone, such as—in outdoor scenarios—resting, walking, running, and
cycling as well as—in indoor scenarios—resting, walking around, vacuum cleaning,
and sleeping. These activities were clearly mapped, as far as possible, to tasks such
as daily walk, jogging, but also vacuum cleaning (task and activity were the same),
buying milk or talking to a customer.

The described approach worked on the level of a feasibility study, assuming
that it was possible to map the activities uniquely to specific tasks or at least to
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a unique set of activities and additional sensed information (like ambient light or
noise). The developed prototype thus made it possible to combine synergies from
various existing systems (hardware sensors, external smartphone services, integrated
machine-learning components etc.).

Testing the feasibility, the three designed and conducted experiments showed the
quality of sensed data and processed activity and location detection, as well as the
general ability to identify a variety of human activities just while they are carrying
their smartphones.

Hence, the feasibility study showed the following positive aspects to confirm the
underlying principles by using the STD prototype:

1. Good accuracy in tracking general (mostly physical) activities,
2. use of geo-fences allowing easy configuration of location-based tasks,
3. accomplishing detected tasks by easily providing the users with a sense of

accomplishment, and
4. the modularity of the prototype combining external smartphone services with

integrated machine learning components (reuse in future research).

However, the weaknesses of the feasibility study and the STD were:

1. Users carried smartphones differently, which affected the detection of particular
activities, such as sleeping, and they could not effectively be detected if the
smartphone was placed in different places or even outside the bedroom.

2. Particular activities, such as vacuum cleaning, needed extensive training data
(with different persons and different vacuum cleaners) to be distinguished from
resting or walking around.

3. It was still necessary to manually assign activities to tasks before an automatic
detection would be possible, and is known as participatory sensing [6].

Finally, the feasibility study showed that the principles (implemented in the STD
prototype) could be used for tracking locations and activities and thus detecting
accomplished tasks. The area of daily task management, combined with mobile
sensing, worked and showed great potential. The benefit of mobile sensing for daily
activity recognition has been confirmed. In addition, using smartphones (or other
smart devices) for activity detection has great potential as well and due to the rapid
evolution of their “smartness” (sensor quality, computing power, interconnectivity,
etc.) even more so in the future. Furthermore, the principles and the modularity of
the prototype could be extended and adapted for future research.

7 Future Research

This researchwas primarily inspired by the fact that mobile sensing is not sufficiently
researched and applied in the area of personal productivity management. There is a
need to address the phenomenon of task overload by automatically assisting people
with taskmanagement.While the authors have evaluated the prototypewith some test
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users on given short-term scenarios, the effects on user acceptance, user experience
and long-term benefits have to be tested and statistically evaluated in long-term
studies with larger test groups. This can provide further insights into improving task
management from a user’s perspective.

With respect to mobile sensing, the evaluation of the STD showed that activity
recognition for certain activities could be improved by researching new combinations
of machine-learning methods and tools to more efficiently learn particular activity
patterns. The STD is only a research prototype. With the recent rise of the popularity
of wearable tech, the porting of STD into a wearable system could lead to new
possibilities potentially diminishing the differences among the activity patterns of
different users and their perceived locations.

A restraining factor for doing such intensive analyses on the smartphone might
still be the energy consumption, thus using cloud computing for data analytics might
be a better option. Great potential lies in leveraging the data collected by the use of
external systems. By using this data, one can possibly add more context and accurate
information about the activities of the person. Nevertheless, a final word must be
devoted to the privacy of users and how to resolve the question of how to ensure the
security of the analyzed data and that only authorized users can access them.
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A Dialog-Based Tutoring System for
Project-Based Learning in Information
Systems Education
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Abstract This chapter discusses the design of a dialog-based intelligent tutoring
system for the domain of Business Information Systems education. The system is
designed to help students work on group projects, maintain their motivation, and
provide subtle hints for self-directed discovery. We analyze the domain of Business
Information Systems—which we find to be “ill-defined” in the sense that e.g. mul-
tiple conflicting solutions may exist and be acceptable for a given task. Based on
an extensive collection of requirements derived from previous work, we propose a
solution that helps both groups find solutions and individuals reflect on these solu-
tions. This combination ensures that not only the group’s result is valid, but also that
all group members reach the defined learning goals. We show how the complexity
of the domain can be captured in a rather simple way via constraint-based engineer-
ing and how machine learning can help map student utterances to these constraints.
We demonstrate the intended working principles of the system with some example
dialogs and some first thoughts about backend implementation principles.
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1 Introduction

(Accompanied) self-study plays an important role in the development of autonomy
and self-learning competence of students—especially if one assumes that only the
active and self-determined “construction” of knowledge (instead of passive con-
sumption) leads to sustainable learning success [21].

In this chapter,we aim to contribute to improvedpersonalized learning experiences
of students in the domain of Business Information Systems. In this domain, as in
manyothers, a very promising approach to teaching consists of project-based learning
[17]—where students work in groups on complex, real-world problems (“cases”)
over a longer period of time.

While a project-based learning approach holds great promise for effective learn-
ing, there are several concerns. Firstly, students’ motivation needs to be maintained,
also in the face of difficulties and over the entire duration of a project. It is known
that a good tutor/facilitator can achieve this [11], but with larger numbers of students,
the tutor becomes a scarce resource.

Here, the promise of IntelligentTutoringSystems (ITS, [19]) comes into play—the
promise of delivering individualized and adaptive coaching to students via intelligent
software. There is a rise of interest in ITS that are based on dialogs in natural language
[20] due to the natural learning experience that they can help create.

Therefore, our aim is to outline a dialog-based ITS solution for the domain of
Business Information Systems (BIS). The primary goal of this solution is to fos-
ter intrinsic motivation which has been shown to be a key ingredient to learning
success [22].

Hence, the remainder of this chapter is structured as follows: in Sect. 2,wedescribe
the background of this work. In Sect. 3, we summarize the requirements that a dialog-
based intelligent tutor in the BIS domain must meet, and then we present a system
architecture (Sect. 4) that will contribute to this. We finally demonstrate the utility
of our dialog-based ITS through some sample dialogs that this system might help
realize and use them to highlight the most important didactic and motivational con-
siderations.

2 Background

In the following, an introduction to the various background aspects of our work is
given: starting from insights into motivational factors, it moves on to cover problem-
/project-based learning and finally analyzes important characteristics of the BIS
domain.



A Dialog-Based Tutoring System for Project-Based Learning … 83

2.1 Learning and Motivation

Previous work in education has clearly shown that motivation plays a key role in
learning [27]. Furthermore, intrinsic motivation has been shown to have a more
sustainable effect than extrinsic motivation: Ryan and Deci [22] state that intrinsic
motivation i.e. the internal drive or curiosity brings about better learning outcomes
among students than rewards/punishment and external impetus such as grades.

However, intrinsic motivation is often a fragile thing. For instance, in a survey of
140 students of the MSc Business Information Systems of the University of Applied
Sciences and Arts Northwestern Switzerland (FHNW), only 35% of participants
stated that they “often” or “always” completed the tasks assigned as class preparation
[9]. In addition to themost frequentlymentioned lackof time, students alsomentioned
motivation problems and excessive demands with some topics/tasks as reasons for a
lack of preparation.

How can intrinsic motivation be increased? Some researchers provide practical
tips, including e.g. giving emotional support, empathizing with negative feelings,
using a certain type of language and giving positive and constructive feedback [15].

In addition to these affect-oriented behaviors, the design of learning experiences
usually follows the imperatives of the well-known self-determination theory (SDT)
[23, 26]. SDT suggests that there are three central psychological needs that should be
satisfied to nurture intrinsic motivation: autonomy—the sense of freedom in steering
one’s own learning process, competence—the sense of mastery of concepts, and
relatedness—the sense of shared purpose within a group. The following sections
will discuss how certain didactic settings can help to satisfy these needs.

2.2 Problem- and Project-Based Learning

Problem-based learning [11] or project-based learning [17] are examples of teaching
strategies that claim to increase intrinsicmotivation [11]. In both approaches, students
learn content and thinking strategies when solving problems. Project-based learning
usually implies a larger scope—using authentic/real-world complex problems—and
groupwork, while problem-based learning occurs individually and on smaller-scaled
problems.

Especially project-based learning can be said to meet the requirements that the
self-determination theory (SDT, [23]) places at the center of motivation:

• Autonomy—having a sense of freedom: in a project, students decide for themselves
which solution strategies to apply and which steps to take next [24].

• Competence—having a sense of mastery: the successful completion of a project
gives students clear feedback that they mastered a complex problem

• Relatedness—having a sense of shared purpose: most projects are carried out in
groups where learners have to constantly defend their findings against the rest of
the group, which in turn helps to build knowledge [11].
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The role of the problem has been emphasized as an important motivational factor
in problem-/project-based learning [8, 11]. In order to foster competence, problems
should be “optimally challenging”, i.e. not so difficult that they could lead to frustra-
tion, but hard enough to generate curiosity and prevent boredom [8]. The notion of
optimally challenging tasks can be traced back to Vygotsky’s concept of the Zone of
Proximal Development [29] that describes the tasks that a learner cannot yet carry out
completely alone, butwith some (though not toomuch) help from amore experienced
tutor. These are usually the tasks that are perceived as optimally challenging.

Problems that require communication and/or multidisciplinary effort will lead to
a stronger feeling of relatedness [11]. Furthermore, good problems are realistic [11]
and complex [12].

In problem-/project-based learning, the role of the teacher changes to that of a
facilitator who is essentially “an expert learner, able to model good strategies for
learning and thinking” [11]. A popular mode of facilitation relies on the so-called
cognitive apprenticeship [4] where the facilitator first demonstrates how to solve a
task (“modeling”), then helps (“scaffolding”), and finally merely watches students
(“fading”).

2.3 Dialog-Based Intelligent Tutoring Systems

With larger groups of students, the facilitator or tutor becomes a scarce resource. It
would be desirable to provide individual support and assistance for students at all
times, but this cannot always be the case.

As a result, interest in dialog-based systems such as educational chatbots is cur-
rently growing, promising a personalized and adaptive education at low cost [13].
Dialogs in natural language are considered a promising way in coaching since they
represent a natural way of communication and enable the easy integration of addi-
tional participants (e.g. fellow students) into a coaching session [13].

Especially in the area of Intelligent Tutoring Systems (ITS), advances in dialog-
based tutors are trying to mimic human facilitators [20, 28]. By observing experi-
enced tutors, Olney et al. [20] found out their conversational strategies, including
their ways of offering cognitive apprenticeship.

2.4 Business Information Systems: An “Ill-Defined Domain”

As pointed out in [10], in some domains the construction of Intelligent Tutoring
Systems is not as straightforward as in others. These domains are termed “ill-defined
domains”.
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2.4.1 Characteristics of BIS and Ill-Defined Domains

An important characteristic of ill-defined domains is the existence of multiple and
controversial solutions and the lack of a clear way to determine whether a solu-
tion is acceptable [16]. Although [16] provides examples from law, ethics, music
and architecture—and contrasts them with the field of physics as an example of a
well-defined domain—multiple solutions are also typical in the field of Business
Information Systems (BIS). While there might be certain criteria that an acceptable
solution must fulfill in that domain, they are by no means exhaustive and that implies
that occasionally solutions might be controversial, i.e. rated as very good by one BIS
expert and as average by the next.

In addition to other characteristics, such as the lack of a formal theory, another
important property of ill-defined domains concerns typical tasks: Lynch et al. [16]
identify design tasks (e.g. music composition) as ill-defined—since their goal is
often novelty—as well as “analytical tasks” (e.g. medical diagnosis)—where con-
clusions often have to be drawn on the basis of incomplete information in changing
environments.

Both design and analytical tasks are common in BIS: in fact, project tasks in
BIS typically involve the analysis of a case, i.e. a situation in a company—which
is usually described in an incomplete fashion—followed by the design of a novel
solution that remedies some of the weaknesses that the case analysis has revealed.

In practice, both types of tasks can be guided by certain principles and/or for-
malisms, which wewill take up later to develop tutoring approaches for BIS projects:

• Modeling: in BIS, the analysis of a case is often performed by making use of
modeling languages. These make it necessary to simplify the observed reality and
often involve a graphical notation that can help visualize the result of the analysis.
An example of such a modeling language is the entity-relationship (E/R) model
[2], which captures entities and relationships in real life to inform the design of
databases. The Business Process Model and Notation (BPMN, [3]) also falls into
this category—it helps to describe business processes visually. The creation of
E/R or BPMN models is a very common task for BIS students. The modeling
languages help students to simplify reality and thus relate new situations to known
ones; they also impose certain rules, the violation of which is inacceptable.

• Design: While models can help to analyze a situation and spot weaknesses (e.g. in
a business process), the development of solutions or remedies for theseweaknesses
is a creative process. Theoretically, solutions can be built (e.g. programmed) from
scratch, but in reality, BIS students will apply known solutions at different levels
of abstraction—ranging from abstract architecture or design patterns to concrete
web services or code snippets. When doing so, they need to be prepared to defend
the fit of a chosen solution element to the requirement that it should meet, or the
weakness that it should remedy. The quality of such a fit and the corresponding
argument is an ill-defined notion where disagreement prevails: we all know that
certain (software) solutions support some persons very well, but are not considered
useful by others.
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A final characteristic of ill-defined domains is that of overlapping sub-problems
[16]: problems cannot be decomposed into independent sub-problems. This has
implications for collaborative learning: groups that need to solve problems in ill-
defined domains cannot hope that each member will simply provide a part of the
solution—a good solution requires teamwork because every choice that the group
makes for a sub-problem may affect other sub-problems. The group should keep an
eye on the big picture. Clearly, especially the “Design” task in BIS has this property:
components of information systems are usually arranged in complex architectures
with various interdependencies. Changing one component often requires changing
other components.

2.4.2 Potential Solutions to Tutoring in Ill-Defined Domains

Both of the typical BIS tasks outlined above have in common that they might have
multiple and potentially controversial solutions. However, they also have in common
that, as a rule, an agreement can be reached on what properties a good solution
should not exhibit: models should not violate the rules of their modeling language
(e.g. BPMN) and certain design choices are considered bad practices because they
generally fit poorly to the given problem.

The approach of constraint satisfaction [18] allows to create ITS for such tasks:
instead of formulating “the correct solution” and analyzing students’ deviations—as
is done in so-called “model tracing” [1]—a constraint-based system will accept all
solutions that do not violate any constraint. A constraint is usually formulated as a
rule in the form “If A holds true, then B should also hold true”.

In the BIS domain, this allows to assess design tasks e.g. by saying that if a case
contains a problemA, then any of the solution approachesB,C orD should be chosen.
It also allows to assist students in modeling, as has been done successfully in [25],
an ITS that supports the design of entity relationship models via constraint-based
modeling.

In addition to constraint satisfaction, [10] mentions several other possible ways
to accommodate ill-defined tasks in the design of ITS:

• Structuring learning around real-life cases
• Supportingmetacognition, i.e. helping learners assess their own contributions (e.g.
via some heuristics that allow to approximately detect quality deficits, but without
a formal or detailed model of a solution).

• Using interactive narratives, i.e. putting learners into stories (e.g. cases) and letting
them influence the story’s direction. This can be seen as a dialog-based form of
simulation.

• Structuring learning around collaboration, i.e. fostering groupwork and peer learn-
ingby e.g. guiding collaboration and/or offering a dialog-based system that acts as a
peer, instead of a tutorwhoneeds to bemore knowledgeable than the users/learners.
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The approach of cognitive apprenticeship for tutoring is seen as a promising
approach to providing computer-based tutoring [7], especially when using prompts
that invite students to reflect on their ideas [6]—which again links to the above-
mentioned metacognition support.

3 Summary of Requirements

As mentioned above, the aim of this paper is to propose a “Digital Self-Study Assis-
tant” (DSSA) to accompany students in a new way during their self-study. This shall
help create a natural learning environment for students through a communication
method and a channel (e.g. WhatsApp) that students are familiar with and, on the
other hand, it can be adapted to the individual needs of students.

Table1 summarizes the insights from literature that we will use to design the
DSSA. In the last column, the corresponding design choices are enumerated, each
with a number in brackets.

Summarizing these choices and putting them in a better order provides a clearer
picture of how the DSSA will behave:

The DSSA will be available to groups and individuals (3) who would like to receive support
in solving a semester assignment (1). The DSSA will be able to support projects in the field
of Business Information Systems that involve tasks of modeling and/or solution design (5).

Initially, the DSSA will wait for students to choose an aspect of their assignment that they
are currently working on and wish to discuss (2); later, the DSSA might decide to delve
deeper into topics that require more attention (8).

For a given aspect of the project (chosenby the students), theDSSAwill support theproblem-
solving phase by asking students questions to help them reflect about certain important
constraints that their solution should satisfy (6). If the DSSA detects or suspects a weakness
in students’ answers, it will try to provide constructive feedback (4). This may also include
elements of cognitive apprenticeship (9), e.g. by pointing them to videos where modeling is
performed or by scaffolding via some hints.

Later, in a reflection phase, the DSSA will ask students to reflect on their project outcome
(7)—this might well be on an individual level to ensure that students have an equally good
understanding of the group’s solution.

A general requirement is that the DSSAmust at all times be aware of the students’
level of knowledge and know their zone of proximal development—which is not an
easy task [7]. As pointed out below, this will be the task of the student model within
the entire system architecture.
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Table 1 Insights and derived design choices for the DSSA

Area Insight Derived design choice for
DSSA

Motivation Project-based learning (PBL)
is effective and supports
motivation [11, 17]

(1) support PBL

Autonomy fosters motivation
[22, 24]

(2) leave initiative mostly to
students

Relatedness fosters motivation
[11, 22]

(3) support group chats as well
as individual chats

Competence fosters motivation
[22] helps build motivation
[15]

(4) give positive and
constructive feedback

Domain specifics BIS has analysis (modeling)
and design as main task types
(see [16])

(5) prepare dedicated dialog
scripts for the two task types

BIS solutions are “ill-defined”,
but constraints can often be
formulated (as done e.g. in [25]

(6) use constraint-based
modeling where possible

Ill-defined tasks can be
supported using
metacognitive/reflective
approaches [10]

(7) assist students in assessing
their own project work → an
incomplete domain model
without formal reasoning on
constraints might suffice

Good tutoring practice Expert tutors dynamically
determine topics [20]

(8) dynamically decide which
topics to focus on

Cognitive apprenticeship is
effective, especially when
using “self-monitoring
prompts” [6, 7]

(9) support modeling and
scaffolding via reflective
approaches

4 System Overview

Which ingredients—models and algorithmic components—does the DSSA require
and how should they be orchestrated in order to deliver the type of interaction dis-
cussed in the previous section?

Figure1 shows our proposed system architecture. It is a slight variation of the
standard architecture discussed in [19] and is composed of: the domain model which
contains the knowledge to be acquired, the student model which holds general and
learning-related information about students, and the tutoring model which contains
the didactic strategies for the tutoring. In order to provide more insight into how the
tutoring model operates, we have divided it into an actual tutor (deciding how to
shape the dialog), the interface where the dialog is delivered, and the interpreter that
recognizes important concepts, learning progress, or difficulties from the student’s
answers.
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Fig. 1 Proposed system architecture

The interplay of these components is planned as follows:

• The domain model needs to hold representations of important concepts and rela-
tionships of a particular sub-domain of BIS, presumably in the form of an ontol-
ogy. Constraints, which are also part of the domain model, will be expressed
with the help of the ontological concepts. We foresee a manual creation of the
domain model—since it only needs to contain the most important constraints and
the concepts needed to express them, the effort for a particular course should be
manageable.

• The student model holds general information about the student, as well as sum-
maries of student utterances that the student has performed while interacting with
the DSSA (see the description of the Interpreter below).

• The tutor (or tutor model) has the task to provide an interaction with the student
by generating text in natural language. To do this, it needs (a) a general strategy
(or script) for leading the conversation (see design choice (5) in Sect. 3), (b) a
(semi-)formal summaryofwhat the student said in his/her previous utterance(s)—as
provided by the Interpreter—including constraint violations and c) an estimate of
the student’s Zone of Proximal Development (ZPD, [29]) as derived from the
student model.

• The Interpreter creates a (semi-)formal representation of the student’s utterance.
This includes the identification of ontological concepts and the detection of con-
straint violations.

As mentioned above, the domain model will be knowledge-engineered while the
Interpreter will be designed to mostly use machine learning. Regarding the tutor, the
dialog scripts for the twomajor BIS tasks will be generated by experts, while the esti-
mation of a student’s ZPD will again be based on machine learning—Bayesian net-
works are a popular choice for learning and inferring students’ learning progress [5].
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This discussion shows how knowledge engineering andmachine learning can play
together: knowledge engineers (mostly the teachers) are responsible for formalizing
the knowledge and the didactic strategies, while machine learning is used to map
student behavior and utterances to these formal constructs. The advantage of this
approach is that the expert (teacher) stays always in control ofwhat andhow theDSSA
will deliver while, on the other hand, machine learning ensures that the DSSA can
still react flexibly and adaptively to student questions and progress without incurring
a huge modeling effort.

Obviously, our architecture is strongly based on the standard architecture from
[19]. The contribution of our proposed DSSA approach is hence not mainly archi-
tectural, but consists in our thorough analysis of the Business Information Systems
domain and thus in the detailed strategies that are applied within the individual com-
ponents. This is demonstrated in the next section.

5 Demonstration of DSSA Working Principles

To better understand how the tutor component from Sect. 4 works, we demonstrate
here an example dialog which is based on a partial domain model that will be
explained in the following.

The course for which the dialog is designed is called “Business Intelligence”. One
of its major learning goals is that students should be enabled to analyze questions
or information needs of business stakeholders and translate them into a so-called
multi-dimensional model [14]—i.e. a modeling task. The modeling task is part of a
semester assignment where the information needs must be elicited from a real-life
case study.

A sub-goal refers to the students’ ability to decide whether elements of the model
fit together, or, in technical terms: whether measures and dimensions are true to the
chosen grain of the model. Without going deeper into this (see [14] for details), we
can specify a domain model for this aspect.

The domain model consists of a constraint, which in turn requires the definition of
four core concepts. The concepts are “grain”, “fact”, “measure” and “dimension”. For
the moment, the only relationship between these concepts that needs to be modeled
is the one between “fact” and “grain”, which we can label as an equivalence relation
(the grain corresponds directly to what one defines as a fact).

With these concepts, we can formulate a constraint as follows—where the previ-
ously defined concepts are highlighted in bold:

IF a group chooses grain A
AND the group chooses dimension B
THEN the dimension B must be true to the grain A.

An analog constraint can be formulated for measures, but this is not needed for the
following dialog. Note that this constraint is only formulated in natural language and
we do not, at this point, foresee a formal representation of it.
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Fig. 2 Example chat between a group and the DSSA in the problem-solving phase

Figure2 shows an example dialog between a group of students and the DSSA.
The dialog itself is in the middle. On the left side, some explanations were added that
point to the internal processing that the DSSA performs, while on the right side, it is
highlighted how the design choices from Sect. 3 become visible within the dialog.

We can see the rough dialog script that the DSSA follows: first, it needs to
figure out the learning goal that the students are trying to achieve. As the students
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decide on the topic for the discussion (autonomy), the DSSA needs to recognize this
automatically—a classification task.

Once the learning goal has been identified, the DSSA checks the constraints for
this learning goal. Since there is only one constraint in this case and since the students
have alreadymentioned one part of its condition (a dimension that they have chosen),
the DSSA now needs to check the second part of the condition, i.e. which grain was
chosen.

Then, the DSSA invites the students to reflect about the constraint, i.e. to decide
whether the consequence of the constraint is true in their solution.Note that theDSSA
does not know the answer—i.e. it does not know whether the product dimension is
true to the chosen grain of monthly bills (see Fig. 2).

Several variants of students’ answers are possible at this point, depending on
the students’ level of knowledge. In the dialog in Fig. 2, this level is rather low—the
group does not knowwhat the concept “truth to the grain”means. Other groupsmight
know this (or might not be aware that they do not) and choose a more self-confident
answer.

Here, the DSSA needs to recognize (again via classification) that students are
asking for help with the concept as such. This triggers an act of modeling, i.e. the
DSSA explains the concept and points to a resource where its application is shown.
In other cases, an act of scaffolding—i.e. more subtle hints—might be triggered, but
always without the DSSA actually knowing the or a correct answer.

When students do not answer (possibly because they are busy checking the mate-
rials that the DSSA has recommended), the DSSA also makes them aware of another
group with a similar situation, so that both groups can connect and learn from each
other. This presupposes that the DSSA is aware of the issues of each group and can
assess their similarity.

Figure3 shows another dialog that might take place between the DSSA and an
individual student after the student’s group has finished working on the solution.

In that situation, the DSSA invites the student to reflect on the solution. It will
consult the student model—at this point, the models of all group members might
be still identical if they have not had any individual chats with the DSSA. Since it
finds at least one conversation about the “truth-to-the-grain” constraint in the student
model, it brings this issue up again.

We foresee that the student’s answer—whichmight be a rather lengthy essay—can
be checked using some simple heuristics. The DSSA may give the student feedback
about the result of this check. However, discriminative feedback about the quality of
the solution needs to come from a human tutor. What counts here is to trigger the act
of reflection on the student’s part.
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Fig. 3 Example chat between an individual student and the DSSA in the reflection phase

6 Conclusions

This chapter shows how didactical and motivational considerations can lead to the
design of a reflective dialog that should support students in project-based learning in
the “ill-defined” domain of Business Information Systems (BIS).

The presented concept tries to keep the engineering effort low by focusing on the
essentials of learning goal-related constraints. We recommend using machine learn-
ing to map student utterances to concepts and constraints. Dialog scripts are derived
from the typical tasks of the BIS domain and support processes that were found to be
effective in ill-defined domains.We also pay special attention to motivational aspects
to keep students engaged throughout an entire project.We have used example dialogs
to illustrate how all the previously mentioned aspects can be realized in practice.

We will implement the DSSA in the near future and plan to use it to support
a semester assignment in one of the courses at our school. By analyzing the real
(anonymized) dialogs that will emerge, we hope to improve its design further.
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Abstract Many current IT systems are implemented based on the object-oriented
(OO) programming paradigm, which over more than two decades has proved to
be one of the most successful mechanisms for code re-use and the most powerful
extension mechanisms used in many software components and systems. Combined
with a solid understanding of business principles and good communication skills, OO
is still considered to be one of the core skills in the design of platforms and systems
that drive our current IT landscape. The self-evaluation test, which we developed as
an early indicator for prospective Business Information Technology (BIT) students,
revealed insights about the skill level of beginners and serves as a starting point to
reflect on abstraction skills in the context of the current digitalization and the increase
in artificial intelligence (AI) components. The article explains the relevance of OO
thinking on different levels of abstraction in the context of the lifecycle of current
system architectures and provides an outlook on how these abstraction skills can be
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1 Introduction

OO is a very powerful paradigm and revolutionized the way how software is
constructed. In principle, it is not only a special way of structuring code compared
to the procedural programming paradigm, but also a very powerful way of reusing
code that encapsulates data and behavior.

In the OO software paradigm, it is important to recognize that there are only two
ways to add functionality: either by inheritance or by delegation.

Inheritance is the principle of re-use that can be used to build up hierarchies of
specialization. New functionality is grouped into additional classes that inherit the
behavior from all parent classes and could even override some of the existingmethods
in the case of inadequate behavior or behavior that needs to be adapted.

Delegation is concerned with the interaction and collaboration of classes. That
is where OO design patterns come into play as reusable solutions across different
problemdomains.Oneof themost prominent examples is theModel-View-Controller
or MVC design pattern [1], which is used to synchronize a number of different views
that should be consistent.

Given these fundamental design patterns embedded in our current IT systems,
students need to learn how business information systems are designed, built, and
integrated into an overall system landscape of a company, and must therefore be able
to understand and apply these OO related principles.

This chapter is organized as follows. In Sect. 2, the motivation and background
for conducting an OO self-test (called OO SET) is explained, Sect. 3 describes
the setup, implementation, and results of this test in detail. Section 4 explores the
collected data of OO SET using AI techniques. The last chapter is dedicated to the
rapid development of AI and Machine Learning and their impact on “traditional” or
old-fashioned development paradigms like OO. This closes the circle again, because
the knowledge that forms the basis of the OO SET questionnaire should not be static,
butmust be constantly adapted to optimally prepare future students for the challenges
in IT jobs.

2 Background and Context

The Bachelor of Science FHNW in Business Information Technology (BSc BIT) is
a computer science degree program that focuses specifically on how IT systems are
designed and implemented, and how they can be used for specific business purposes.
It aims to develop the specific skills required to bridge the gap between business and
IT (see Fig. 1). The BIT program aims to promote digitalization with a particular
focus on innovative IT, modeling techniques and the usage of communication for an
effective business–IT-alignment.

The programwas launched initially in 2014 as anEnglish equivalent to theGerman
“BScWirtschaftsinformatik”. Already successfully established inBasel, the program



A Human Aptitude Test for Object-Oriented Programming … 99

Fig. 1 Design principles of the BIT program (Source FHNW)

was expanded to a second location in autumn 2019. The BIT program is divided into
the five different module groups: Foundation, Business Administration, Informa-
tion Technology, Business Information Technology, and Student Projects. It was
observed that students who have to pass an assessment stage at the end of the first
semester often fail in the modules Programming, Mathematics, and Introduction to
Business Information Technology. This was the starting point to establish a self-
evaluation test (SET) that particularly addresses the areas of logical and analytical
thinking, understanding algorithms, mathematics, and abstract thinking. This self-
test is anonymous and can serve prospective students as a first glimpse of skills that
will be needed during the BIT studies.

Although initial results were promising that the self-test could play the role of
an indicator to pass the assessment stage, we decided to extend the scope from the
assessment stage to the entire course of study, thus covering content from a wider
variety of IT modules.
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3 The Aptitude Self-test “OO SET”

This section dealswith an in-depth discussion of theOOSET, a testwhich particularly
addresses skills related to OO analysis andOO design. The section describes all steps
of the in-house OO SET project, namely motivation, design and implementation,
results, and outlook.

3.1 Motivation

SETwas conductedwith registered student volunteers aswell as applicants interested
in finding out whether BIT is the right choice. In order to focus more on the specific
skills that prevail not only in the assessment stage but also in the higher semesters
of the IT and business information technology modules, we recently focused our
research interest in setting up a test (OO SET) that deals particularly with the kind
of abstraction skills that dominate the OO-paradigm. OO-analysis and OO-design
(OOA, OOD) are among the most important concepts in software engineering and
are crucial not only for Programming and Introduction to the BIT courses but also
for many others such as Software Engineering, Enterprise Architecture, Database
Technology or the entire IT landscape of an enterprise that needs to optimize its IT
as part of the digitalization of all business areas.

Researchers generally agree that abstraction ability is a necessary skill for OO
programming [2–5]; however, a reliable tool to test a person’s level of abstraction
ability related to programming methods, but not explicitly using a programming
language has not yet been developed.Kramer [6] states that students can be stimulated
to improve their abstraction ability through activities such asmodeling,mathematical
study, and explaining to each other how they accomplish to solve a problem in a
specific context. Other sources suggest that the act of creating storyboards, labelled
diagrams, and concept maps require the use of abstraction [7]. If these statements
are true, these activities would also serve as OO test scenarios.

Traditional OOP testing methods focus heavily on interpreting and generating
code, which corresponds to the levels “Apply” (using information in new situations)
and “Analyze” (drawing connections among ideas) according to the taxonomy of
Bloom [8]. However, Or-Bach and Lavy [5] were able to test for abstraction ability
in an OO context without using programming syntax by allowing the students to
answer questions in plain English writing. Given our preference of using multiple
choice (MC) questions, we have to find a scenario where the understanding of OO
concepts can be assessed and related to the appropriate taxonomy levels of Bloom.
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3.2 Design and Implementation

The OO SET was implemented with Google Forms (30 MC questions). As a “test”
domain the card game Blackjack was selected because it is widely known and can be
relatively easily explained for a short assignment such as the questionnaire. Before
answering the questions, the test students had some time to familiarize themselves
with the basic rules of the Blackjack game and basic OO knowledge (presented as a
tutorial with examples). This aspect is important as OO is not self-explanatory and
completely new for a considerable number of participants. In order to get a clearer
picture of the students’ aptitude and to support a more sophisticated evaluation, every
question was assigned to an OO concept category and level according to Bloom.
Students with and without pre-knowledge in programming are enrolled in the BIT
program. In order to “simulate” such a situation for the OO SET, two test groups—
total beginners and BIT students of the first semester with some knowledge based
on the current programming module—were considered.

The first part of the questionnaire asks for information about participants, such
as age, prior OO knowledge, gender, etc. and covers a basic overview of relevant
OO principles. The second part of the questionnaire (see Fig. 2) deals with questions
related to core OO concepts. The selection of the suitable OO concepts discussed
and tested in the questionnaire was made in close cooperation with BIT lecturers and
is based on similar field research [9, 10]. The list of understandings of OO concepts
used and tested in the questionnaire includes: classes, objects, classes vs. objects,

Fig. 2 Example questions for Questionnaire (part 2)
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attributes, classes vs. attributes, methods in classes, parameters of methods, inher-
itance, multiplicity, encapsulation, and relationships between classes (association,
aggregation, composition).

3.3 Questionnaire Results

A total of 24male and 3 female students participated over a two-week period, with the
followingdistributionof their self-describedprior knowledgeofOOP: 5 studentswith
no OOP knowledge, 12 with beginner’s knowledge, 5 intermediate, and 5 advanced.

After the adjustment, the breakdown of the points per Bloom level (indicative
of the level of difficulty) for the questionnaire was as follows (see Table 1). The
“Remember” level means the ability to recall facts, the “Understand” level is about
the ability to explain ideas or concepts and the “Analyze” level is concerned with
breaking the concept into parts and understanding how each part is related to another.

The average questionnaire score across all student groups (i.e. based on their
self-indicated level of OO knowledge) was 55%. Intuitively, students that indicated
they had prior OO knowledge (i.e. “intermediate” or “advanced” levels) performed
better than those with little or no prior OO knowledge, as can be seen in Table 2. In
addition, this table illustrates that the students performed best on questions mapped
to the “Remember” level of the Bloom taxonomy, and worst on those mapped to the
“Analyze” level.

It is important to note that all student groups achieved an average passing grade
for the “Remember” questions (67% average across all student groups), showing that

Table 1 Bloom question levels

Bloom question level Total number of points

Remember 23

Understand 20

Analyze 12

All levels 55

Table 2 Questionnaire evaluation

Bloom question
level

Average score (all
students) (%)

No knowledge/beginner
average score (%)

Intermediate/Advanced
average score (%)

Remember 67 65 70

Understand 52 48 60

Analyze 37 33 43

All levels 55 52 61
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it is feasible to test the abstraction ability in an online, MC-based format. This has
not been shown in any of the reviewed sources and is an encouraging outcome of
our research.

3.4 First Validation of OO SET

In order to validate our hypothesis that a solid understanding of the OO paradigm is
a valid indicator for students to be able to successfully pass the exam in program-
ming as well as the assessment stage, a subset of OO related questions was selected
and compared to the grades in programming. Although the situation of our current
students in the assessment stage and the prospective students is different—our
students had lectures in OO and programming, the prospective students get only
a very rough understanding of OO as part of the OO SET—the correlation of the
grades in programming with OO related questions was analyzed.

The OO-related questions were extracted from the exam introduction to BIT,
where the understanding of OO is necessary to transfer textual business descriptions
into UML models. Entities need to be recognized from textual descriptions and
compiled into UML class diagrams or Entity Relationship Diagrams. In both cases,
it is important to distinguish entities from attributes, similar to the questions in the
OO SET.

In the programming exam, the different questions were dedicated to code reading,
data types, arrays, inheritance, OOP and JavaFX. Interestingly, the average number
of points for the coding-related categories was around 50% while the percentage for
OOP and inheritance was only 32%.

Figure 3 shows the correlation between the total numbers of points fromOO ques-
tions of the 54 students from the BIT exam, versus the overall points in programming,
both normalized to one. The scatterplot substantiates that there is at least an indica-
tion of a positive relationship between programming skills and an understanding of
OOA and OOD concepts.

3.5 Next Steps

The initial results with the OO SET are encouraging and show that such a test is
feasible and will help the university optimize its resources while at the same time
raising students’ awareness of the specifics and challenges of BIT.

Future work will be mainly related to testing by further extending and tuning the
question database. In detail, we will investigate which questions should be part of
the core set of the OO SET bearing in mind that the time for getting acquainted
with OO should be kept short. In order to achieve this goal, we will also analyze the
outcomes of the programming module in detail to better understand the weaknesses
of beginners when learning a programming language.
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Fig. 3 Correlation of skills in OO and programming

4 Use Cases for AI in the Context of Aptitude Testing

Thefirst roundof experimentswithOOSETconfirmed the feasibility of the approach.
The next step is now to investigate how our approach can be extended with AI to
optimize core processes of the BIT program, namely admission and teaching. For
this purpose, we are investigating two use cases (UC 1 and UC 2). UC 1 deals with
the prediction of student performance based on metadata and learning activities. UC
2 is about finding clusters of students with similar performance, especially those
who are unable to pass the assessment stage. Information from both UC can be used
as “add-in” to optimize resources in teaching and to focus on difficult cases in the
admission process.

4.1 Motivation

An interesting approach is the use of AI methods for aptitude tests. Such an AI-
enriched aptitude system can “learn” the relationship between important parame-
ters of influence and the aptitude of the student and can therefore be used for new,
untrained situations. Basically there exist two AI paradigms, the symbolic and the
sub-symbolic approach [11]:

• Symbolic approach (expert systems): For example, knowledge is “coded”with “if-
then-else” rules that are executed during runtime when facing a specific situation.
The main advantage is that all knowledge is clearly documented and traceable.
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However, building such a knowledge base requires well-equipped experts and
continuous efforts to manage the rule set.

• Sub-symbolic approach (Artificial Neural Networks—ANN): The main idea here
is often referred to as “learning by example”, i.e. define a training set and cali-
brate the network with a learning algorithm, so that both existing examples (e.g.
patterns) can be retrieved and also the generalization of new, unknown examples is
possible. The basic principle is derived from interconnected neurons in the brain.
The main advantage is that even beginners can quickly build such an AI system,
based on a representative number of examples with the drawback of getting a
“black box” solution that does not provide justification or transparency for the
calculated output and often achieves surprising or incorrect results.

For performance prediction and aptitude tests in general, neural networks are one
of the preferred approaches in the literature (see examples for UC 1 below), because
data sets for training a neural network can be easily generated by analyzing students’
results from earlier terms.However, neural networks are not a “silver bullet” for every
scenario and the effort to identify decisive input parameters, to obtain a data set of
appropriate size, to select and “optimize” the neural network architecture, should not
be underestimated.

4.2 UC 1: Performance Prediction

Considerable research was done to predict the performance of students using neural
networks. Relevant contributions in this context are:

• Plagge [12] investigated the application of different feed-forward neural networks
(mostly multilayer perceptrons) to predict the outcomes of first year students
based on a sample pool of data from Columbus State University from 2005–2010.
The accuracy rate for a student’s return to the second year with the best-found
learning strategy and network architecture approached 75%. Among the data used
for training the network, Plagge experimented with a mix of student meta-data
(age, gender, ethnicity, etc.), family-related data (father/mother highest education
level, estimated family contribution, etc.) and performance data from the past
(high school and fall grade point average, entrance test results, etc.).

• Okubo et al. [13] experimented with input data from learning activities (based
on the e-learning system Moodle, the e-portfolio system Mahara and the e-book
system BookLooper) in order to predict final grades. Because the data (such as
quiz results, slide and course views, etc.) were collected every week, a recurrent
neural network was used that was trained with backpropagation through time.
Using the log data from 108 students until the sixth course week, the accuracy of
prediction was above 90%.

• As opposed to Plagge [12], Wei [14] used only monitoring data during the course
(preparation time for class, completion of homework, review time after class,
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attendance, assignment score, etc.) for predicting the grade. For the sample of
800 students, the best result for predicting the grade was around 80%.

Bearing in mind the outcome of the work mentioned above, there will be two
promising research directions for the application of neural networks with data from
the OO SET in the future. One research direction is based on the fact that our apti-
tude test is already a good predictor for the programming course (see Fig. 3). When
using a feed-forward neural network, the input data is composed of the student’s
meta-data (part 1 of the questionnaire), i.e. age, gender, highest degree of educa-
tion, country, level of previous knowledge (beginner, intermediate, advanced). The
output calculates the performance, i.e. pass/fail of the programming course or the
assessments stage as a whole. Training data can be obtained from students who have
completed the questionnaire and finished the assessment stage in the meantime. If
the accuracy of the prediction needs improvement, one could add further input data
related to past grades, e.g. high school grades. A second research direction could aim
to replicate the experiment of Okubo et al. [13] with the FHNW e-learning environ-
ment to predict the result for the programming course. FHNW is using Moodle as
an e-learning system; respective data can be collected by weekly conducted multiple
choice-based quizzes, coding questions, and slide views. Moodle offers a PHP-based
infrastructure for retrieving the data.

The success of both research directions will depend on the ability to appropriately
“code” the input data for use with a neural network and to set up a representative
data set for training.

4.3 UC 2: Clustering Similar Students

Another use case of interest is to identify clusters of students, especially those who
are unable to pass the assessment stage. Information from such clusters can be
used in the admission process as an “early-warning system” by paying attention
to factors common to a large group of students, such as previous school education,
unsatisfactory analytical skills, language problems, etc.

The Kohonen Feature Map (KFM) is a neural network approach that is a good
alternative to conventional clustering techniques, especially if the clusters are not
known in advance [11, 15]. A KFM is a two-layered network (see Fig. 4) that is
trained using unsupervised learning to produce a low-dimensional (typically two
or three dimensions for visualization purposes) representation of the input space.
With a KFM it is possible to “learn” the semantic organization of arbitrary concepts
represented by input vectors and to visualize similarities between various input data,
in our case student data. Outlined below is the UC 2 experiment with a KFM which
is planned as the next step in our research.

This ability to represent topological properties of the input space in a map allows
to identify clusters of students. As in multilayer perceptrons, we represent the input
data as a vector, in our case again the student’s meta-data is enriched with detailed
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Fig. 4 Sketch of the KFM for UC 2

outcomes of the OO SET according to the Bloom categories. On the map, every
student is modeled as an output neuron. Figure 4 shows a sketch of such a KFM for
our OO SET. Because the KFM algorithm is based on a stochastic process and input
data have to be randomly presented in order to avoid a bias, results, i.e. the feature
map, may differ from experiment to experiment. Neurons in the circle represent
students who do not pass the OO SET, identifying commonalities among them will
help optimize the future admission process and to sharpen the profile of the BIT
program. For clarity, only the links from the input vector to a neuron on the map are
displayed.

5 Application of OO Thinking in a Hybrid World

In this section, we reflect on the application of OO skills in the context of our current
system architecture. In addition, foreseeable future IT architectures, in which some
of the components will remain programmed, and AI components will be trained.
In order to reflect on such a future hybrid architecture, we first take a look at the
lifecycle of our current IT architecture and aspects of reusing components where OO
thinking was one of the major driving forces. Second, we will provide an outlook
on how OO and related concepts or design patterns could be transferred to the AI
domain.

5.1 OO in the Context of Current System Design

Current system architectures are usually documented with the help of unified
modeling language UML [16]. Software engineers communicate OOD ideas using
one of the many different UML diagram types and entire system architectures can be
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modeled using the abstractions defined in the syntax and semantics of the different
diagram types.

At this lowest level of code design, the UML classes are used to visualize the class
hierarchies and the OOU design of the software components. One level up, the hier-
archy software engineers build domain-specific frameworks. When talking about
patterns as a lower level micro-cosm of software engineering, frameworks could
be considered as upper level but still micro-cosmic components that are context-
sensitive and domain-specific. They are context-sensitive in such a way that frame-
works depend on a specific technical implementation stack. In the framework layer,
specific implementations of MVC or persistence frameworks are built for the JEE-
and .NET-stack, as well as for mobile devices.

At this higher abstraction level (see Fig. 5), UML component diagrams can be
used instead of class diagrams based on the same kind of abstract thinking in terms of
encapsulating data and functionality. There are different classification styles of soft-
ware architectures and many different vocabularies are used to describe the network
of IT systems, components and their connections, as described in the field guide to
boxology by Shaw and Clements [17]. By adding time as one of the main drivers of
ever-changing software architectures different macrocosmic components (e.g. tech-
nology stacks such as Java EE or .NET or different programming languages) as well
as micro-cosmic components such as frameworks may become obsolete. Develop-
ment paradigms, frameworks, and domain specific applications become the victims
of opportunity are influenced by the skills of IT staff in companies, which in turn are
influenced by the educational portfolio of universities.

Transferring this lifecycle problem to a lower abstraction level of class design,
the strategy design pattern would quickly come into the mind of an experienced Java
developer. They would implicitly apply programming knowledge to an interface, not

Fig. 5 High level abstractions using layers and compositions
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to an implementation, which is key to staying flexible over time and being able to
seamlessly exchange a class with a different class.

Many concepts of coupling and decoupling hold true at different levels of abstrac-
tion, be it for the solution of the lower level, class-oriented software design, be it at
the higher abstraction level applied to architectural lifecycles. The conceptual design
skills learned from the microcosm can be transferred the macrocosm of traditional
programmed systems. However, could the acquired skills also be useful in the context
of AI and machine learning? Which concepts need to be evolved and which need
to be kept when designing systems are based not only on programming but also
on training? This adds a fundamentally different kind of behavior as macrocosm
“boxes” to the eco-system which will be addressed in sections below.

5.2 OO Thinking in the Context of AI and Machine Learning

Given the fact that many ANN and deep learning-based components show an excel-
lent performance in some specific use cases, while failing in others, one has to
think about how to incorporate them into system architectures. Parts of systems will
undergo major changes because dedicated trained AI components will become supe-
rior to their programmed counterparts. However, how can we reuse or expand them?
To expand functionality in theOO-based programming paradigmone has two options
to add functionality to a set of existing classes: inheritance or delegation. What will
be the abstraction level at which AI based components can be reused or expanded?
Will it be on the microcosmic or macrocosmic level? Could AI components that train
rather than program model behavior inherit existing functionality?

For ANNs, there is a method of so-called transfer learning [18], which is compa-
rable to inheritance. A given ANN trained in thousands of GPU hours, capable of
recognizing and labeling a thousand different classes of pictures, can be re-used to
learn how to label an additional set of classes. The existing ANN with its weight
layers is preserved and can be retrained with much less GUP hours compared to the
initial training. In fact, this newANN somehow “expands” the original ANN to solve
the classification problem of a new or expanded target domain. This could be seen
as an analogy to classes that can be expanded by additional methods, forming the
basis of current class hierarchies in OOA and OOD.

In addition, a considerable amount of research is being invested in studying the
hierarchical classification of data and the error propagation in classification trees
[19]. Hierarchies and tree-like structures can be used for supervised learning or
can be learned with the help of reinforcement learning and have shown improved
performance over sequential models [20, 21].

With the increase of new AI-based components, the system architectures will
embrace the new capabilities of these novel components, and new architectural
patterns will evolve. Architectural design thinking will most probably still use
boxologies and incorporate novel abstractions. It is most likely that traditional
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concepts of OOA and OOD, where encapsulation, inheritance hierarchies and dele-
gation patterns are key, will be transferred to the design of AI-enriched IT systems.
As a matter of fact, van Harmelen and ten Teije [22] already proposed a set of
design patterns, where they propose an informal graphical boxology notation to
express their findings about different combinations of hybrid learning and reasoning
systems. Thus far, they analyzed current literature in terms of existing combinations
of machine learning and knowledge engineering and expressed them as composi-
tional design patterns. If transfer learning will evolve as a kind of inheritance mech-
anism in ANNs, it could lead to the finding of further design patterns that combine
both alternative extension mechanisms—inheritance and delegation.

6 Conclusion and Outlook

OOthinking and appropriate abstraction skills are crucial not only for learning current
programming languages but also for understanding current IT systems from micro-
cosmic design patterns to macrocosmic architectures. We offer prospective students
two different types of self-evaluation tests to check their aptitude and abstraction
skills that are fundamental for our course of studies. While the initial SET focused
more on the courses of the assessment stage, the second test OO SET is not only
valid for the assessment stage, but could serve as an aptitude test focusing on all
technical modules from the entire course. The questions are categorized according
to the different levels of the Bloom taxonomy. Further categorizations could be inte-
grated usingAI algorithms, where we presented two different use cases: performance
prediction and student clustering.

However, OO thinking is not only present in current IT architectures, it will also
have an influence in the future, when system architectures will be based on traditional
components that are programmed aswell asAI components that are based onmachine
learning.Newarchitectural patternswill evolvewhere traditional ideas ofOOA,OOD
and appropriate design patternswill be transferred into a hybridworld ofAI-extended
hybrid IT systems. It seems that the re-use mechanisms similar to inheritance in
OOD in the form of transfer learning of ANNs are still in their infancy, but the
ability to perform software design with the help of different kinds of boxologies will
most probably continue because it is one of the fundamental abstraction patterns
of software engineers. It is well known from the Bloom taxonomy that transferring
knowledge from one domain to another is considered to be the highest—which
will probably take some time before the maturity level of the available architectural
design patterns for the hybrid world is comparable to the existing set of patterns
where components are programmed.
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Adapting the Teaching of Computational
Intelligence Techniques to Improve
Learning Outcomes

Thomas Hanne and Rolf Dornberger

Abstract In the Master of Science program Business Information Systems at a
Swiss university, the authors have been teaching artificial intelligence (AI) methods,
in particularly computational intelligence (CI) methods, for about ten years. AI and
CI require the ability and readiness of a deeper understanding of algorithms, which
can hardly be achieved with classical didactic concepts. Therefore, the focus is on
assignments that lead the students to develop new algorithms or modify existing
ones, or make them suitable for new areas of applications. This article discusses
certain teaching concepts, their changes over time and experiences that have been
made with a focus on improving students’ learning outcomes in understanding and
applying specialAI/CImethods such as neural networks and evolutionary algorithms.

Keywords Computational intelligence · Artificial intelligence · Teaching ·
Learning assessment · STEM

1 Introduction

In research aswell as in the labormarket, STEMskills are strongly required—beyond
all technical disciplines—also in business and society in general, and often provide
above-average job and income opportunities for qualified students [1]. However,
teaching STEM subjects (Sciences, Technology, Engineering, and Mathematics)
provides particular challenges (see, e.g. [2]). Students often have difficulties in under-
standing and learning the respective subjects, whichmay have other reasons than real
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or imaginary deficiencies in their respective competencies (e.g. analytical thinking)
to insufficient pre-arrangements or inadequate teaching methods.

Computational intelligence (CI), comprising mainly the nature-inspired artificial
intelligence (AI) methods and further metaheuristics, is one of the fields of science
at the cutting edge of STEM disciplines. It has become particularly important during
the last ten years along with the new rise of artificial intelligence (see, e.g. [3]), which
is assumed to provide some of the most important changes and disruptions in society
since the introduction of computer and information technologies in the middle of the
last century.

Usually, CI is not specified by an unambiguous definition but by enumerating
subareas (see, e.g. [4]), in particular

• Fuzzy logic
• Neural networks
• Evolutionary computation
• Swarm intelligence.

Fuzzy logic provides theoretical insights, modeling approaches and methods to
cope with problems, which can hardly be described by traditional binary logic and
therefore contain elements of vagueness of knowledge in order to cope with uncer-
tainty similar to human reasoning. (Artificial) neural networks mimic the function
of real nerves and nerve nets as observed in animals and humans. It is one of the
most important approaches based on machine learning in current AI developments
and, nowadays, finds particular attention in the field of deep learning. Evolutionary
computation is based on a simulation of biological evolutionary processes (as first
described byDarwin) to find superior (optimal) solutions to complex problems. Even
with moving objectives, evolutionary computation is able to continuously adapt the
solution to new conditions just as biological evolution. Swarm intelligence comprises
a number of similar approaches to solving complex problems, which are based on
strategies found in biology, especially the behavior of animal swarms (i.e. flocks,
packs, hives), which may emerge to a complex problem solving behavior, which is
not shown in the individual behavior of animals.

The CI algorithms derived from these approaches are used to find good alternative
solutions, optimizing candidate solutions, identifying patterns in data, and mapping
input data to possible outputs. In general, CI methods work in a static context of
the problem, as well as in time-dependent, changing problems, where some of these
CI methods are also used for controller design. A recent development is to apply
CI methods in robotics to make the robots “more intelligent”, as swarm intelligence
allows the self-organizing of a bunch of robots in a swarm.

These approaches have in common that they can dealwith poorly structured and/or
difficult-to-solve problems and mostly rely on solution concepts that are adapted
from processes in nature. Therefore, such concepts are often denoted nature-inspired
methods. As they are often based on incomplete or uncertain knowledge or allow for
good, although not optimal solutions, e.g. by using heuristics or metaheuristics, soft
computing or nature-inspired computation are other expressions to refer to this field
of science.
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The competencies to understand and applyCI aremanifold. On the one hand, there
are the algorithms, which require skills in programming and software engineering
for understanding and coding the algorithms or for their adaptation or further devel-
opment. On the other hand, the treated problems are often complex optimization
problems that require a significant mathematical understanding to define the opti-
mization problem with its search space and constraints correctly. Mathematics is
also (for some part) necessary to understand and analyze the respective algorithms.
In addition, the power of the CI methods lies in solving real-world problems, which
requires profound skills to abstract the complexity of the world up to computational
models, as e.g. in computational sciences or operations research.

The goal of this article is to present and discuss the authors’ special teaching
concepts. The changes of the teaching concepts over time and the authors’ expe-
riences are discussed with a focus on improving the students’ learning outcomes
in understanding and applying special AI/CI methods. In the presented case, the
focus is set on the personal experiences while teaching neural networks and evolu-
tionary algorithms and similar heuristics. However, it can be assumed that many
other lecturers teaching AI methods face similar problems and will benefit from the
reported measures and generalized statements.

In Sect. 2 of this chapter, we discuss selected related work. Our teaching concepts
related to CI are described in Sect. 3. In Sect. 4, we discuss reasons for several
changes of the course concept during the last ten years. Evaluation aspects regarding
the course success are considered in Sect. 5. Conclusions are provided in Sect. 6.

2 Related Work

In general, there is very fewpublished knowledge about teaching computational intel-
ligence. It is possible to find various more or less detailed descriptions of university
courses related to CI, but few insights into why they were designed as they are. In
addition, little is known about the evaluation of different course designs.

Although [5] explicitly addresses CI, there is little specific insight into how to
teach such topics. In [6] more specific aspects of CI teaching are considered. As
one of the few concrete examples related to individual CI courses let us mention the
paper by [7]. The didactic setting has some similarities with our teaching approaches,
which we report on later, e.g. a student project assignment, but stronger focus is laid
on traditional teaching and assessment. For instance, the project work only makes up
30% of the overall mark, whereas it is 70% in our case. While that course is mainly
intended for undergraduate students, ours is offered at the Master level. Unlike the
course described, our study program no longer includes anymore specialized follow-
up courses. Both courses have in common that they strongly support the fact that the
project results should be sufficient for a scientific publication.

In [8], an elective graduate-level course onCI related to engineering applications is
considered, which strongly focuses on term projects similar to our course. In addition
to the standard CI approaches, the use of swarm robotics is mentioned, which is a
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topic also frequently offered in our course. In addition, summer internships related
to CI are offered in the considered study program. Apart from some general remarks
on STEM education, the didactic setting of the training under consideration is not
described in detail. This also holds for evaluation results. Samanta and Turner [9]
addresses a course, which also includes some CI contents, but the main focus is
on mechatronics and robotics. Stachowicz [10] is another example that focuses on
a single CI-related course. Most of the time, however, content is described, while
details about the educational settings remain largely unclear. In [11], an overview of
CI courses at different universities is provided. In most cases, however, only content
is briefly described, while educational settings are not further discussed.

In some cases, such as [12], insights are reported from courses that focus on
more specific content (such as a design optimization method) in a related university
course. Another example is [13], which focuses on a tool based on a particular CI
method (particle swarm optimization) for its use in a teaching setting. However,
from our perspective, there are no particular reasons to use the specific “teaching
implementations” of suchmethods. In contrast,we assume that itmakesmore sense to
use regular implementations, whichmight be a better choice to havemore freedom to
use them later, e.g. whenworking in a company. Some other publications focus on the
use of gamification or serious games related to teaching computational intelligence
(e.g. [14]).

However, if we consider the much larger area of STEM disciplines, there is quite
a lot of published work related to teaching aspects. We only mention a few of them,
since they mostly give us only rather general insights of what might be a useful
setting for a CI-related course. Often, these publications are too broad to allow for
useful conclusions and practical applications. For instance, [15] discusses ideological
aspects rather than concrete problems and suggestions related to the teaching of
information and communication technologies (ICT).

The focus in [16] is also quite broad and includes different bachelor, master, and
Ph.D. study programs in the areas Financial Management, Management of Tourism,
Applied Computer Science, Information Management, and Information and Knowl-
edge Management. The derived recommendations are quite concrete and based on
abilities and skills required in industry and business. However, recommendations are
not as detailed as required for the design of individual courses.

An even broader survey of study settings in Computational Science and Engi-
neering is given in [17], which analyzes respective study programs from several
universities including the content of courses, curricula, and the degrees offered.
Although the topic appears to be more specific, the focus here is not on one single
institution, and details of teaching concepts are mainly missing. In [18], the situation
in teaching in electrical and computer engineering is considered. While the main
focus of this paper is quite broad, it provides some insights that are also relevant to
our teaching of CI, such as the emphasis on project–problem-based learning.

Detailed aspects of learning in mathematics are considered in [19]. For instance,
they point out the learner’s difficulties in the (re-)construction of general mathemat-
ical knowledge. Since more general mathematics content than in CI is considered,
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the aspects of problem-based learning and individual assignments are not so much
taken into account.

Although teaching concepts for STEM subjects and selected AI methods (e.g.
decision rules) at school anduniversity level are quitewell researched andunderstood,
guidance to teach sophisticated CI methods (such as evolutionary computing, swarm
intelligence, etc.) at university level is still lacking. That is whywe present the case of
reporting, evaluating, and discussing our continuous teaching approaches and share
our experiences frommore than ten years of lecturing CI at the University of Applied
Sciences and Arts Northwestern Switzerland FHNW.

3 CI in the Master of Science Program in Business
Information Systems

We teach CI within a course of the Master of Science (M.Sc.) program in Business
Information Systems (BIS) at a school of business in Switzerland. The study program
can be studied full- or part-time, which is rather an administrative distinction of an
assumed study period of three or five semesters in order to obtain the required credit
points. The M.Sc. BIS includes four core courses and 14 electives including the CI
course to provide substantial opportunities for choice and specialization among the
students. The core courses are not or only marginally related to the required skills
in programming or mathematics. The only preparation in the M.Sc. BIS program
provided for programming-related aspects is a short pre-course in programming
that will give at least a short introduction to software development, algorithms, and
programming to those students holding a bachelor degree in Business Administration
or similar areas, andwho have little background in thesematters. Consequently, there
are almost no basics from the study program, which could facilitate the learning in
the CI course.

In addition, the students come fromheterogeneous backgrounds in relation to their
countries of origin and their culture, but also taking into account the knowledge they
have acquired in their previous bachelor’s studies, their apprenticeships, and work
experience. Some of them have a bachelor degree in information systems, while
others come from other areas such as business administration, computer science,
engineering, or social sciences. Especially students with a business administration
background make up a significant part of the student population with no or little
background in programming and software engineering. Moreover, the mathematical
background among the students is often rather weak, because many of them followed
the way of apprenticeships withmore practice-oriented teaching and learning instead
of a stringent high school education.

Another aspect is that our university belongs to the group of “Universities of
Applied Sciences”, which put a stronger focus on practically applied content. While
this is preferred for subsequent work in business and industry, theoretical skills (such
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as in mathematics) can be taught in a reduced way. The above-mentioned difficulties
are particularly relevant for teaching the CI course.

A further aspect that impedes the acquisition of missing skills during the course
semester is the limited amount of time among students. In addition to other learning
requirements and personal requests, today, more than two thirds of the students study
part-time and have aworkload from their jobs of about 60%, occasionally up to 100%
of full-time workload. Today, we observe that the focus of many students has shifted
away from the idea of learning new topics at the university, as students want to obtain
a Master’s degree with minimal effort.

The course on CI was introduced in 2009, shortly after the start of our master
program in Business Information Systems in 2008. In the meantime, students can
begin the M.Sc. BIS program twice a year, in autumn and spring. The course on CI is
based on approximately twelve lecturing blocks of four teaching hours (4× 45 min)
and one presentation block during a semester of about 15 weeks [20]. The course
is usually completed by students in the second, third, or fourth semester. Classroom
lessons are used for traditional lectures, exercises, student presentations, and discus-
sions. According to the EuropeanCredit Transfer andAccumulation System (ECTS),
the course yields six credit points, which corresponds to approximately 180 working
hours per student (including self-study time).

The lecturing part is mainly for teaching basics in CI with some focus on busi-
ness applications as discussed in [21]. From the CI subareas mentioned above, we
put a stronger emphasis on the subareas of evolutionary computation and swarm
intelligence because we assume that these fields are still underdeveloped in various
practical applications (see, e.g. [22]). The more important part of the course is based
on student assignments. In these assignments, the students are expected to familiarize
themselveswith a particular problem (usually anoptimization problem) and/or a solu-
tion approach (usually an optimizationmethod), usually based on a given publication.
In addition, the following types of tasks are typical for the assignments:

• The considered problem should be solved by applying a problem-solving method
different from the original problem-solving method,

• a different type of problem (similar to the considered one) has to be solved with
the original problem-solving method or another one,

• variations of the methods are explored,
• computational studies are done, which are more extensive than those reported in

the literature.

For that purpose, the students (in groups or alone) are given sample reference
papers related to their chosen topic and are expected to make themselves familiar
with the optimization problem and/or suitable methods for solving it. Then they
search for additional references, e.g. other problem types or further methods, which
could be used. In the following, the students are expected to implement another
method to solve a given problem, or to apply a given method to a different type of
problem, or to do some modifications regarding an existing method.

In the past, we have strongly recommended that the students use the OpenCI soft-
ware suite for this implementation work, which has been developed at our university
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in cooperation with some other institutions [23, 24]. In recent years, we have opened
the choice of a suitable software platform: We also encourage the students to use
a different framework or implement or modify a stand-alone code. After that, they
are expected to complete computational tests with the considered settings regarding
problems and solution approaches (e.g. exploring different parameter settings) and
a subsequent analysis of results. In the end, they have to submit a scientific paper
that should be similar to a typical conference paper, and all the artifacts elaborated
during this project, such as the developed software, a short user guide, and the data
used.

As discussed above, these tasks present significant difficulties for the students due
to the required mathematical and software engineering background. In particular,
we try to alleviate the software engineering difficulties in the following ways: In the
beginning of the course, a general introduction to the programming-related aspects is
given, including an introduction to the Java-based OpenCI framework. For instance,
the students learn about the installation and architecture of this tool and related
software such as the integrated development environment Eclipse. In addition, they
learn about the OpenCI architecture and how to embed a new solution algorithm or
a new type of problem into OpenCI. OpenCI is meanwhile a rather large software
framework including various implementations of problem representations, solution
algorithms (basic algorithms for search and optimization and machine learning), a
graphical user interface, and further tools for visualization and data analysis, and
additional libraries. Therefore, it is already a challenge to understand the basic ideas
of this framework despite the endeavor from our side to make it as simple as possible.
The maintenance of OpenCI and the integration of the students’ implementation into
one common version of OpenCI is always a great challenge for us lecturers.

In the software development-related part within the CI project, the students learn
how to embed a new problem representation as a (Java) class and/or a new algo-
rithm, each of them being represented as classes. While the lecturing part serves a
better theoretical understanding of problems and solutions (including some related
mathematics), the students receive a basic preparation for writing a scientific paper
in a course on research methodology and a related project to be elaborated at the
beginning of the study program. However, bringing everything together—software
development, mathematics, scientific writing, and the specific contents treated in the
CI course—is certainly a challenging task.

It has turned out to be useful to define milestones for the student projects such
as intermediate presentations of their work. On the one hand, this allows us (i.e. the
lecturers, but also other students) to give feedback and discuss problems occurring
in a student group. On the other hand, the students are requested to start early with
their work and work continuously during the semester, which should help to avoid
situations with too much time pressure at the end of their projects. During previous
semesters of the course, there were one or two mandatory presentations without
grading. During the last semester of the course (spring semester, 2019) we changed
that to a voluntary presentation, but with (mandatory) graded deliverables in form
of short papers related to the topics. On the one hand, the grading aspect should put
more emphasis on the quality of these intermediate deliverables. On the other hand,
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we skipped any other deliverables for grading apart from the student assignment
(research paper) and the two intermediate papers.

Whenwe started themodule in 2009, itwas accompaniedby a regularwritten exam
that focused on the contents of the lecture part, i.e. mostly basic CI contents. Later
(in 2015), we changed this to an oral exam at the end of the semester, which included,
in addition to already taught contents, a part related to the group assignments. After
that (in 2017), the oral exam was skipped and replaced by individual tasks during
the semester. These individual tasks were responsible for 30% of the overall grade,
whereas the significance of the “big” group assignment was increased to 70%. In
2019, the individual tasks became related to the respective group assignments. The
reasons for these changes were that the students are much more motivated to focus
on their assigned topic and that learning here goes much deeper than the general
lecture contents. As a disadvantage, however, the familiarity with a general basis of
CI, as taught during the lectures, can be lost, since it is no longer necessary for the
grading success of the students.

4 Reasons for Adapting the Course Concepts

There are several reasons why we have changed the course concept repeatedly over
time and why, in particular, the group assignment was upgraded with respect to its
importance in student evaluation. First, this refers to the course objectives designed
to make students familiar with solving real-world problems. With regard to CI (and
many other topics), this means that it is not sufficient to teach techniques such as
modeling, simulation, and optimization to manage complex systems. Instead, it is
necessary for students to become strongly involved with related problems and apply
appropriate methods to solve them themselves without detailed supervision. Such an
approach is usually denoted as problem-based learning (PBL) and usually assumes
that students work in collaborative groups and learn by resolving complex, real-
istic problems [25]. It is supposed that this learning concept improves process skills
(teamwork, project management skills, but also autonomous learning skills and other
metacognitive skills), which we consider as particularly relevant at the Master level.
In addition, it is assumed that PBL increases the students’ motivation and engage-
ment [25]. This assumption has been confirmed by our frequent discussions with
students in the course (but also in other courses) and was also expressed in course
evaluations conducted among students (see, e.g. [26] for further details).

Another reason for a stronger focus on complex assignments can be traced back
to Bloom’s taxonomy [27]. It distinguishes the knowledge-based aspects of learning
in six levels of objectives (each represented by a characterizing noun and describing
verbs, denoted here in parentheses): 1. Knowledge (to know), 2. comprehension
(to understand, to demonstrate an understanding), 3. application (to apply, to solve
problems in new situations), 4. analysis (to analyze), 5. synthesis (to create), and 6.
evaluation (to judge). By critical examination of these levels, we found that, although
CI involves complex aspects sui generis at all levels, it is difficult to evaluate the upper
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levels in traditional examination forms such as questions to be answered in a written
exam. Based on our experience with the various learning assessment concepts in our
CI courses, we are in line with the general experiences of universities: Mostly only
the first three to four levels of the hierarchy can be assessed in this form, whereas
questions intended for higher levels often fall back to lower levels. For instance,
the evaluation of a CI method is done by repeating arguments from the literature,
i.e. showing achievements on the level of “knowledge”. When we changed from a
written exam to an oral exam, we assumed that higher-level skills (especially levels
5 synthesis and 6 evaluation) could be better assessed in this way [26]. Although
this was partly confirmed, we were still dissatisfied with the outcomes, even taking
into account that the available time during oral exams was rather short for in-depth
assessment and that the answers result from group experiences, which do not neces-
sarily show a student’s individual achievements. For this reason we replaced the oral
exam by individual student assignments (written), which turned out to be rather easy
(see grades in Table 1 for 2017 and 2018) and did not prevent collaboration among
students who worked on the same assignments. As mentioned above, we changed
these assignments to individual assignments related to the group assignment in 2019.
Another reason for abolishing the oral exams was the provided time slot within the
two weeks for examination. With an increasing number of students, it is no longer
possible to realize oral exams with reasonable effort and without time conflicts with
other exams.

Despite such changes in relation to individual student assessments, we still believe
that the “big” group assignment is best suited to support learning objectives on all
levels of Bloom’s taxonomy. In particular, synthesis/evaluate (level 5) is strongly
supported, as the assignment requires providing an integrated solution to a complex
problem (frequently with a real-life background). Evaluation/create (level 6) is
required in various ways, e.g. with respect to the decision which solution methods to
use, how to adapt them, and in relation to comparisons with other approaches during
computational experiments.

Another reason for repeated adaptations of course concepts is given by the accred-
itation regulation of the AACSB, the Association to Advance Collegiate Schools of
Business, [28],where our business school is about to be accredited. TheAACSB“pro-
vides quality assurance, business education intelligence, and professional develop-
ment services to over 1,600member organizations andmore than 800 accredited busi-
ness schools worldwide”. The assurance of learning (AoL) process specified by [29]
requires that a “school uses well-documented, systematic processes for determining
and revising degree program learning goals; designing, delivering, and improving
degree program curricula to achieve learning goals; and demonstrating that degree
program learning goals have been met”. Thus, the overall learning goals must be
broken down to individual courses and assessed on a student’s level. Since the goals
are defined in terms of students’ specific competences, the didactic concept from
teaching to grading needs to consider them. The CI course mostly focuses on the
following aspects:
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• Our graduates can create innovative solutions and seize opportunities for given
business situations,

• our students are able to (a) identify problems, risks, challenges, and opportunities
for improvements or innovations, (b) create improvements and innovations.

Additionally, the CI course contributes to

• Our graduates have extraordinary methodological skills,
• our students are able to a) identify and describe a research or innovation problem,

b) define/delineate and apply an appropriate research.

Following the AACSB paradigm “closing-the-loop”, the teaching framework
will be evaluated repeatedly. When the learning outcome of the students might be
improved, the teaching concepts should be adapted. The question, however, is what
changes in the teaching concept result in which effects? When do the students obtain
results in terms of intended learning goals? In the next section, we present and
discuss the results from the last ten years in continuation of our previous reflections
concerning the design of the CI course [26, 30, 31].

5 Defining and Evaluating the Course Success

While the accreditation by AACSB focuses on the program evaluation by assessing
the students’ learning outcome with “exceed, meet, does not meet expectations”, the
typical forms of course evaluations at Swiss universities are the absolute marks of
students (see below in this section for the grading scheme), and the feedback from
the students regarding their satisfaction with the course. Regarding the latter, let us
mention again that a regular course evaluation based on students’ feedback is done,
but mostly the number of responding students is rather small so that it does not appear
to be reasonable to evaluate it quantitatively. On the other hand, we received frequent
feedback in informal ways (e.g. discussions during the in-class teaching). Although
this feedback cannot be evaluated in quantitative form, we had the clear impression
that the students unambiguously supported a stronger emphasis on group assignments
in contrast to other assessment forms (such as traditional exams). In particular, they
seem to prefer the stronger real-life aspects of such assessment forms, the requisites
regarding creativity and self-determination, and mostly the group work aspect as
well. Only for a few students, the last requirement for this form of learning (research
paper and additional documents) turned out to be difficult, because of too many
other responsibilities that impede group work (esp. heavy job-related workload of
part-time students). However, most of them have mastered this problem well due to
modern means of communication, which do not require too many personal meetings
within a group of students. Thus, a rigor evaluation of the students’ feedback is not
possible due to the lack of clear and statistically relevant data.

A major aspect that we consider relevant for the course success, is the quality
of the research papers as a main contribution of the student assignment. In order to
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support the possibility of getting the student papers published, we guide the students
as much as possible towards research. In addition, this improves their capabilities
for the subsequent Master thesis and possibly further research. To reach sufficient
maturity for publication, usually some subsequent rework or extensions of the paper
may be necessary. Whenever possible (i.e. the quality appears to be good enough),
we support the students to get the paper published, usually as a regular conference
paper including peer review, e.g. [32–37]. Students frequently like to put additional
effort into a paper, when they have the chance of getting accepted in a scientific
publication. In addition, we can consider the number of published papers, another
less subjectivemeasure of the students’ learning outcome, which is in alignment with
our learning objectives and the AACSB accreditation.

Results from the publication efforts of course-related papers are shown in Table 1
together with other details from the various course semesters. In the early semesters
of the course, the possibility of getting student papers published seemed to be rather
slim, but with a more focus on these aspects, it worked out quite well. Since 2014,
an increasing number of resulting papers has been accepted at various scientific
conferences with regular peer reviews. Obviously, the strongest year with respect to
student paper publicationswas 2015. In relation to the slightlyweaker results in 2018,
let us mention that there are still a few papers from this course in the “publishing
pipeline”. For 2019, papers have not yet been submitted to conferences. In general,
we assume that the stronger weighting of the student assignments has contributed to
the observed improvements in student paper publications.

In relation to the number of students participating in the CI course, we do not
see a clear trend. However, the number of students in the Master program increased
significantly during the last years, so that we assume to have an increasing number
of participants in the future. The comparably high number of students (27) enrolled
in the 2019 course may be an indicator of a rising trend.

With regard to the grades,we observe that those for the assignments have remained
relatively stable during the specified period. The grades for the written exam declined
from 2009/10 to 2012, but then have increased until 2014. The grades for the oral
exams appear to be slightly better than the average grade of written exams. The
assignments in 2017 and 2018 resulted in much better grades. Possible reasons are
collaborations among the students and (almost) no limitation of used time or perhaps
the assignmentswere simply too easy. In addition, the students could submit a number
of such smaller individual assignments, but only the grade of the three best results
were counted.

Regarding the overall grade, we can assume a rather increasing trend (i.e. better
grades) with interruptions in 2012 and 2018. On the one hand, this could be due to
course improvements. On the other hand, frequently observed phenomena regarding
grade inflation [38] could be relevant. However, the success of student papers in
conference peer reviews might indicate real improvements at least with respect to
group assignments. Though the increasing trend is mainly observed for the exam part
(or individual assignments from 2017), the assignment part could still be relevant
for grade improvements, since its percentage for the total grade increased from 50
to 70% during the total period 2009–2019.
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More detailed results from the student grading are shown in Table 2. According
to the Swiss grading system, 6 is the best grade, while 4 is the minimum grade for
passing a course. Part grades use decimal grades, where the final grades are half
grades: 6.0, 5.5, 5.0, 4.5, 4.0, 3.5, and below.

Obviously, the failure rate in the CI course is rather small, always between 0 and
4 students from a group of 13–27 students. In this statistic, we did not count students
who drop the module very early (without submitting an assignment or participating
in a group assignment). Although theM.Sc. BIS program allows this retreat officially
until very close to the final exam, the number of these students is usually quite small
(1–2 students). We also observe that there is frequently a significant number of good
and very good students (grades of 5 or higher).

Table 2 also shows the standard deviation of the students’ grades. These were
particularly high in 2015, 2018, and 2019, whereas they remained at a similarly
lower level during other years. Since the course settings were different in 2015 and
2018/2019, while some strong differences can be observed for some years with
almost identical settings and course sizes (e.g. 2017 vs. 2018), we assume that the
reasons are of statistical nature. For instance, we observe frequently that the student
population fromyear to year changes significantly, i.e. in relation to their background.
This could be one of the reasons for the changes in the standard deviation of grades.

6 Conclusions

Many of the decisions regarding the design of the CI course and its adaptations done
over time are not deeply founded on general didactic knowledge or on our specific
experiences, how the best CI course might look. On several occasions, we aimed at
finding better settings in a try-out-fashion instead.

Designing a CI course (but other courses as well) is similar to solving complex
problems with CI methods: One usually does not know what a good design might be
and experiments with different “candidate solutions” in an unknown “fitness land-
scape”.Unfortunately,we cannotmake asmany trials as, for instance, an evolutionary
algorithmwould during hundreds or thousands of generations. The fact that (a) every
year we have another group of students with different background knowledge and
(b) we only teach this class of students once makes our optimization problem very
complex to provide a (near) optimal solution (course curriculum).

In addition, wemust stick to the feasibility of solutions taking into account various
restrictions on our course design (such as from the study program, institutional
requirements, etc.). However, we believe that it makes sense to experiment with
course design parameters and that previous efforts havemostly resulted in observable
improvements.

We will continue with our modifications to the course and hope to gain further
insights into effective and efficient course designs, also fromvarious other researchers
who document their didactic settings and experience.



126 T. Hanne and R. Dornberger

Ta
bl
e
2

D
et
ai
le
d
st
ud
en
te
va
lu
at
io
ns

of
C
I
co
ur
se

an
d
st
an
da
rd

de
vi
at
io
ns

of
gr
ad
es
,2

00
9–
20
19

D
is
tr
ib
ut
io
n
of

gr
ad
es

A
S
20
09

SS
20
11

SS
20
12

SS
20
13

SS
20
14

SS
20
15

SS
20
16

SS
20
17

SS
20
18

SS
20
19

6
(r
ou
nd
ed
)

1
0

0
2

1
4

1
2

4
3

5.
5
(r
ou
nd
ed
)

3
3

0
0

4
4

7
7

5
11

5
(r
ou
nd
ed
)

3
7

5
5

4
2

7
2

2
4

4.
5
(r
ou
nd
ed
)

3
8

10
4

1
0

3
2

0
1

4
(r
ou
nd
ed
)

3
4

7
5

4
2

2
0

1
4

B
el
ow

4
(f
ai
le
d)

0
2

3
0

0
2

0
1

2
4

St
dd
ev

0.
58
7

0.
54
1

0.
50
9

0.
60
9

0.
61
0

1.
06
0

0.
53
4

0.
65
8

1.
58
3

1.
29
5



Adapting the Teaching of Computational Intelligence … 127

A valuable guidance for designing course curricula is provided within accredi-
tation processes. As our school of business is in the AACSB accreditation process,
the regulations for course curricula made us define how we measure the assurance
of learning of our students. In the CI course, we formulate traits such as “Can the
student understand the optimization problem (by identifying the problem instance
and the optimization method)?” (level 2, understand, following Bloom) up to “Can
the student create a computational optimization experiment to generate optimization
results?” (level 6, evaluation/create, following Bloom).
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Abstract Many computer models have been developed and successfully applied.
However, in some cases, these models might be restrictive on the possible solutions
or their solutions might be difficult to interpret. To overcome this problem, we out-
line a new approach, the so-called allagmatic method, that automatically programs
and executes models with as little limitations as possible while maintaining human
interpretability. Earlier we described a metamodel and its building blocks according
to the philosophical concepts of structure and operation. They are entity, milieu, and
update function that together abstractly describe a computer model. By automati-
cally combining these building blocks in an evolutionary computation, interpretabil-
ity might be increased by the relationship to the metamodel, and models might be
translated intomore interpretablemodels via themetamodel.We propose generic and
object-oriented programming to implement the entities and their milieus as dynamic
and generic arrays and the update function as a method. We show two experiments
where a simple cellular automaton and an artificial neural network are automati-
cally programmed, compiled, and executed. A target state is successfully reached in
both cases. We conclude that the allagmatic method can create and execute cellular
automaton and artificial neural network models in an automated manner with the
guidance of philosophy.
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1 Introduction

Computermodellinghas becomean important approach inmany scientific disciplines
that study their respective systems. It allows to experiment digitally with the mod-
elled system and as such to explore and test possible explanations for its functioning.
This is especially important and useful for the understanding of complex systems,
where the system’s behaviour emerges from the interaction of local elements. Most
of the computer models that have been proposed so far have their specific applica-
tions or type of problems for which they are most appropriate. E.g. cellular automata
are particularly suitable for simulating complex behaviour in general [1] and devel-
opment and growth processes in particular as they occur in materials [2] and biology
[3]. Due to their capability to model complex behaviour in general, cellular automata
have been also applied in many other and very different fields, e.g. theoretical biol-
ogy [4], medicine [5, 6], and quantum mechanics [7]. Agent-based models, on the
other hand, are currently mostly used in the social sciences studying the behaviour
of agents such as pedestrians moving in a subway station [8]. With the availability
of large training data sets and computing power, artificial neural networks and other
artificial intelligence methods are widely used today in many applications, from the
classification of skin cancer [9] to the solution of the quantum many-body problem
[10]. Although current artificial intelligence methods seem to be general enough
to apply them to many applications, they are still limited to certain problems and
impose requirements on the available data and the interpretability of the solutions.
Evolutionary algorithms are another type of model that has been successfully used
for problems where the data might be incomplete, or an optimisation with multiple
objectives is required [11]. They have been also suitable for searching for model
parameters in combination with other computer models [12].

This indicates that there are specific computer models for certain problems and
applications rather than a metamodel that is able to tackle any problem and in any
application without limitations. It also means that by choosing a particular computer
model,wemight limit the possible solutions and their interpretability. E.g. if a cellular
automaton is used, the solution will be represented by the way the cellular states are
updated over time with a transition function. If an artificial neural network is used,
the solution will be represented by the weights that are generally difficult if not
impossible to interpret. This is referred to as the interpretability problem of current
methods of artificial intelligence and is especially critical in applications such as
medicine. It seems, however, that these methods have a large solution space and thus
can potentially come upwith creative solutions.Models providingmore interpretable
solutions, in contrast, seem to have a smaller solution space limited by the model
itself. An alternative way to choose models or to build them is therefore proposed in
the present study, which seeks to overcome these restrictions on possible solutions
and their interpretability.

We argue that such an alternative option could be the automatic programming
of computer models based on a metamodel where as little limitations as possible
are imposed on the model creation. The input data would guide the concretisation
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of a suitable model from the metamodel. Possible solutions or models could be
programmed from certain code blocks that are meaningful to humans and combined
together in an evolutionary computation. In extreme cases, i.e. without limitations,
program code would be written automatically by choosing symbols that are valid
in the respective programming language and then models would evolve based on
choosing andputting together these symbols to create programcode.One can imagine
that this would generate program code that would almost always fail when compiling.
In addition, even if it were to compile or the compilation problem could be reduced
with programming languages such as LISP or interpretative languages, it is still hard
to imagine that this would create readable program code and thus interpretable for
humans. Instead of allowing any valid symbol, one might limit the choice to certain
model building blocks that can be chosen, adapted, and combined in an evolutionary
computation. If, in addition, these model building blocks are defined in such a way
that they make sense for humans, the evolutionary computation would potentially
be able to develop novel solutions or models that can be interpreted by humans and
where only the input data imposes restrictions.

However, this is a large problem in which, in a first step, the questions need to
be addressed how to define model building blocks for automatic programming of
computer models, and how to implement and combine them in a running computer
program. The first question has been recently addressed in detail in another study
by the authors [13]. The purpose of the present study is to answer the second ques-
tion based on philosophical concepts and model building blocks from the previous
study. Philosophers have thought for centuries about the structure and behaviour of
objects and phenomena of many kinds. We proposed in the earlier study to proceed
in the same way, particularly by using concepts developed by the French philosopher
Gilbert Simondon. Via paradigms and schemes borrowed from cybernetics [14, 15],
his philosophy describes the functioning of what could be called complex systems
today, especially technical objects such as engines but also natural processes such as
crystallisations [16, 17]. Therefore, his method seems closely related to computer
modelling of complex systems that wants to achieve the same.With a slight deviation
in the use of these concepts, we have integrated Simondon’s concepts directly into
the functioning of a metamodel for complex systems, where it uses philosophical
concepts as a guideline for computation. In this sense, one could speak of philosoph-
ical computation. The aims of this study are therefore to propose an approach on how
the previously defined model building blocks could be implemented and combined
into computer models, and to provide first experiments of automatically programmed
cellular automata and artificial neural networks from the metamodel.

2 The Metamodel

In this section, we describe the metamodel for complex systems and its model build-
ing blocks as developed in the earlier study [13]. These building blocks were devel-
oped according to the philosophical concepts structure, operation, and system as
defined and described by Simondon [16].
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2.1 Structure

Structure represents the spatial or topological dimension of the system, e.g. agents,
cells, nodes, lattices, or grids. In this configuration, no processes and no dynamics
are active. Structure represents the topological configuration of the system in its most
basic arrangement.

2.2 Operation

Operation represents the system’s temporal dimension. It considers the behaviour
of the system, e.g. it looks at how cells, agents, or nodes control and affect each
other. Moreover, on a more fundamental level, it also describes how structures dilate
topologically over time, e.g. how single cells, agents, or nodes are formed initially.
Similar to drawing a straight line on a sheet of paper, the spatial dimension of the line
is formed at the same time as the temporal operation of drawing moves on [16]. In
summary, operation defines how agents are generated temporally and, once formed,
how they behave in their specific environment.

2.3 System

However, in reality, no system is composed by operations or structures alone, i.e.
every system has a spatial and a temporal dimension. Hence, a system is defined
by the product of structure and operation, without any concrete parametrisation.
Once parametrisation begins, structure and operation find themselves in a so-called
metastable system. This means that in metastability more and more parameters such
as initial conditions of the parameter states and the dynamics of the modelled system
are defined in order to have a computable model. In this sense, metastability repre-
sents a transitional regime, which is at the same time partly virtual and actual. Hence,
structure and operation are initially defined in a virtual regime and while more and
more parameters are included, such as initial conditions and dynamic update func-
tions, the model itself becomes more and more concrete in metastability and finally
computes in actuality (Fig. 1).

2.4 Model Building Blocks

These philosophical concepts were built into model building blocks of a generic
computer model that are fundamental to every computer model. They are therefore
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Fig. 1 Gilbert Simondon’s philosophical concepts applied to meta-modelling of complex systems

independent from the concrete models such as cellular automata and artificial neural
networks and can be regarded as components of the metamodel.

On an abstract level, computer models have at least one structure and at least one
operation that are described in a so-called virtual regime. The virtual regime can be
regarded as abstract descriptions of the spatial and temporal dimensions of a model
(Fig. 1).

Formally, structure has been described by a p-tuple e of p basic entities such as
cells, nodes, agents, or elements forming a topology such as a lattice, grid, or network.
The environment, neighbourhood, ormilieu of an entity describing its interactionwith
neighbouring entities is defined in a q-tuplemi consisting of q neighbouring entities
for the i-th entity ei in e. The milieus of all entities in e can furthermore be described
by the matrix M, which is structured as an adjacency matrix [18].

Operation, on the other hand, can be described with an update function

φ : sq+1 → s, (1)

where the states of each entity ei are updated over time. An entity can have a certain
state, ei ∈ s, where s defines the set of possible states. The new state of an entity
e(t+1)
i at the next time step t + 1 is determined based on the states of the entity e(t)

i

itself at the current time step t and the states of the neighbouring entities in m(t)
i at

the current time step t .
The model building blocks entity, milieu, and update function are the basic com-

ponents of the metamodel. They were described in formal and abstract form. As they
represent structure and operation, combining them can form a system, which can be
interpreted as a model. If concrete parameters are fed to the system, a metastable
system is created, which is then capable of acting in the actual regime. It is the ini-
tialisation of the model with given parameters (φ, M, e(t=0), s) while the execution
of the model afterwards occurs in the actual regime (Fig. 1).
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In the interjacent regime of metastability two important functions are at work
in regard to concrete parameters: modulation and demodulation. On the one hand,
modulation superimposes all parameters and prepares thereby the computation of
an actual system. On the other hand, demodulation differentiates between structural
and operational parameters (Fig. 1).

3 The Automatic Implementation

The philosophical concepts of structure, operation, and system need to be represented
in program code to create automatically generated programs of computer models.
The developed model building blocks entity, milieu, and update function describing
the metamodel on an abstract level are in the following used to automatically map
and implement the philosophical concepts into program code.

3.1 Representation

Structure, and therefore the entity tuple e and themilieumatrixM arewell represented
with arrays or similar data containers. Generic programming is used to generically
define their data type, and dynamic array containers are used to dynamically define
their size. In this sense, the metamodel is independent of the type as well as the size
of input data provided by the system to be modelled. It allows creating a model of
the system that can be concretised in terms of data type and size by feeding concrete
parameters into it to form the metastable system. We used the vector template in
C++ for the present implementation but other dynamic array containers such as the
ArrayList class in Java would also be possible to use.

Operation and therefore the update function φ describes the temporal dimension
defining how the entities e(t) at time point t change their states to the next time point
e(t+1) at t + 1 based on their current states e(t) and the states of the entities in their
respective milieu as described in M. Mathematical functions can be represented by
functions and methods in procedural and object-oriented programming, respectively.
Abstract methods could be used to define these methods in the metamodel, or classes
for specific implementations could be used. For simplicity reasons, we implemented
specific classes for cellular automaton and artificial neural network models in the
present implementation. The parameters are defined in a generic and dynamic way
given by the structure implementation. Themethodbody, on the other hand, is specific
to the application and therefore is implemented in specific classes that can be used
by the metamodel to create concrete systems or models.
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3.2 Implementation

In the present study, we used an object-oriented programming language to imple-
ment the first experiments with cellular automata and artificial neural networks. The
reason for this choice was twofold: first, classes allow the abstract and complemen-
tary description of structure and operation in the virtual regime and objects allow
implementing the metastable regime through initialisation. Second, they often pro-
vide dynamic and generic types. C++ was used for the implementation, but any other
object-oriented programming language providing these features would have been
suitable as well.

The entity tuple e and the milieu matrixM were implemented with the vector
template as datamembers of a classSystem. e contains objects of the classEntity
with the member data state while M contains either Booleans to represent rela-
tionships only or floating point numbers to represent weighted relationships between
entities. The update function φ was implemented with a method in a specific class.
In these first experiments, the classes CA and ANN were created, each implementing
a respective updateFunction.

3.3 Automation

The present implementation allows to automatically program computer models by
specifying the concrete parameters in different ways concretising entities and their
milieus as well as choosing φ from different classes. It is therefore possible to pro-
vide all concrete parameters and compute the structural and operational evolution of
the system or to provide them only partially varying unknowns in an evolutionary
computation. In the present study, as a first step, we varied a part of the update func-
tion φ through an evolutionary computation in the cellular automaton and through a
learning rule in the artificial neural network to find a given state of the system.

Automatic programming was achieved through source code generation and writ-
ing it to a file followed by programmatically compiling and running the code using
system() in C++. The metamodel allows creating different models in the source
code generation where a string containing the source code is determined. Variables,
model building blocks, and specific update functions are encoded as separate string
variables concatenated by the main program. The advantage of a metamodel is evi-
dent because the different model building blocks are compatible with each other
independently from a specific model implementation and are therefore more easily
defined in this way of creating source code. In preliminary tests, we also used the
Java Compiler API as well as running it based on the concept of reflection. It led
to a rather complicated programming and a code prone to errors. In addition, it is a
time-consuming way to solve the current problem. We therefore favoured the less
complicated and much faster C++ implementation.
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3.4 Computation

We have seen that with the transition from the metastable to the actual regime,
concrete parameters concretise more and more the actual system. Hereby, further
parameters can be categorised, i.e. within structure, the number of entities p and
their set of possible states s and the concrete states e define in total the initial condi-
tions e(t=0). On the other hand, within operation, specific dynamic rules, boundary
conditions, and the size of the milieu q define in total the update function φ. If all
these single parameters are known, then we have a complete system. However, if
there are certain unknowns, the system is incomplete. Therefore, one is allowed to
conclude that as soon as unknown parameters occur, demodulation processes arise,
in which structural and operational parameters can be differentiated. On the contrary,
as we have seen above, if concrete parameters are brought together, modulation pro-
cesses are at work, since structural and operational parameters are more and more
superimposed (Fig. 1).

To search for these unknown parameters, several steps have now to be taken.
First, a problem has to be defined, i.e. one or several unknown parameters have to be
defined as such, which then become the subject of investigation. This also means that
while several concrete parameters are unknown, several others are known. Therefore,
in a second step, new actual systems can be created by modulation starting from
these known parameters and by giving the unknown parameters concrete values,
e.g. in an evolutionary computation giving the asked parameters random values. It
is possible to automatically implement these modulation processes with the present
approach. In the main program, the given structures are declared and then used
to instantiate a respective System object via the constructor, creating the virtual
regime. A first system is then created by initialising known parameters and setting
the asked parameter with a random value, which is the transition from the virtual
to the metastable regime. The updateFunction method is then repeated until
the system leads to acceptable results in the given iteration or until a maximum
number of time steps is reached. In a third step, demodulation processes are required
to check whether the unknown parameters have been found. Thus, every time a
certain number of time steps have been computed, the concrete parameters of the
newly obtained system are disaggregated via demodulation. In a fourth step, the new
parameters are then compared to the ones that were initially searched for. If there
is no correlation or the result is not satisfying, certain values within the initially
unknown parameters are changed in order to compute further modulation processes,
which then are subjected again to demodulation and comparison. As a result, if one
searches for certain unknowns, demodulation and modulation processes are applied
interchangeably. The comparison of new and old parameters is required to evaluate
whether a system reveals an acceptable result. This is achieved by calculating the
match or overlap with the target, quantified as a number between 0 and 1, which
is similar to the concepts of fitness in evolutionary computations or loss function
in artificial neural networks. The closer it gets to 1, the more significative the new
system is and the closer it is to the unknown parameters searched for. The search
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of these unknowns can be and is in the present work achieved with an evolutionary
computation in a cellular automaton experiment and with a perceptron learning rule
in the artificial neural network experiment. However, it is important to notice the
difference that here the model is created automatically and from abstract concepts,
while in the usual case the model is given and implemented and executed manually.

4 The First Experiments

In the following, the basic building blocks of the metamodel are concretised in a
cellular automaton and an artificial neural network.

4.1 Cellular Automaton

Acellular automaton consists of a discrete cellular state spaceL onwhich the dynam-
ics unfolds, a local value space� that defines the set of possible states of an individual
cell, boundary conditions, and a dynamic update rule φ defining the dynamics and
thus temporal behaviour [19]. In the present study, we considered a two-state one-
dimensional cellular automaton. It is made of cells that are all identical, and periodic
boundary conditions were assumed [20]. In the one-dimensional case, this boundary
condition connects both ends of the lattice L together forming a ring. A Boolean
state was furthermore used where the cell ci at position i in L can have one of two
possible states, ci ∈ � = {0, 1}. Each cell at time point t is updated by a dynamic
update function or local transition function

c(t+1)
i = φ(c(t)

i−1, c
(t)
i , c(t)

i+1), (2)

depending on its current state c(t)
i as well as the states of its neighbouring cells c(t)

i−1

and c(t)
i+1. Therefore, there are n� = 2 possible cell states and three input parameters,

which leads to 23 = 8 possible update rules in a two-state cellular automaton with a
neighbourhood defined by the nearest neighbours.

Structure is therefore represented by the fact that there is a lattice of cells and that
spatially a further cell is situated in the next time generation at t + 1, e.g. below the
considered cells at t . Operation, on the other hand, is represented by the fact that
within the considered neighbourhood in the lattice, each cell is initially formed and
thereby directly linked to its adjacent cell as well as that these cells inform the state
of the cell at t + 1. Only in combination, structure and operation are able to form
a system. This system can then be concretised into a metastable and finally actual
system or in this case a real computable cellular automaton, by feeding concrete
parameters into the system and executing it.
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In this first experiment, the dynamic rules were set randomly to automatically
generate systems or metastable cellular automata with various update rules. The
idea therefore is to generate metastable systems and automatically program them
with various update rules until one of them produces a given target output system.
This target system was provided, and its specific values were assumed to be the
output of Wolfram’s rule 110 at t = 15 [21] while the update rule was searched with
an evolutionary computation assuming only one possible solution at a time that is
randomly assigned without any selection criterion. With φ(c(t)

i−1, c
(t)
i , c(t)

i+1), rule 110
is the following update function:

φ(0, 0, 0) = 0, φ(0, 0, 1) = 1, φ(0, 1, 0) = 1, φ(1, 0, 0) = 0,

φ(0, 1, 1) = 1, φ(1, 0, 1) = 1, φ(1, 1, 0) = 1, φ(1, 1, 1) = 0.
(3)

Starting with the initial configuration of

e(t=0) = 0000000000000001000000000000000, (4)

the output or target is

etarget = 1101011001111101000000000000000. (5)

Although the used cellular automaton model is very simple, rule 110 shows excep-
tional and interesting behaviour that is complex and could be considered on the edge
of order and chaos [22]. It is even computationally universal, i.e. capable of running
any given program or algorithm [23].

In a system where the structural parameters, i.e. the number of entities p and
their concrete states e are known, the defined problem is to search for the operational
parameters, i.e. a specific dynamic rule.

Structures of type Boolean were implemented representing two states � = {0, 1}
and 31 entities were modelled. Operation was implemented as a truth table of three
input parameters representing the nearest neighbours and the considered cell itself
determining one output according to the specified dynamic rules.

The experiment was repeated several times, in each case revealing Wolfram’s
rule 110 as a solution after less than 1000 attempts of building and automatically
programming a metastable and actual system with randomly generated rules.

4.2 Artificial Neural Network

This model consists of a network of artificial neurons called perceptrons, where typ-
ically input neurons are fed with data and connected with middle or hidden layers of
neurons, which in turn are connected to other hidden layers before they are finally
connected to the output neurons that provide the result. Different network topologies
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are therefore possible. Each perceptron j consists of an input function in j that cal-
culates a weighted sum of its incoming activation signals ai from perceptrons i . The
value of the input function is then used in the activation function g to calculate the
outgoing activation signal a j of the perceptron j . The output or result of an artificial
neural network is thus computed by calculating the activation of each individual
perceptron from layer to layer until the output neurons are reached. This type of
network is called multilayer feedforward artificial neural network. The weights of
the network are then adjusted through a learning rule.

In our experiment, we automatically programmed a multilayer feedforward arti-
ficial neural network based on the metamodel with entities, milieus, and an update
function. A neuron or perceptron is represented by an object of the class Entity
and the milieus by the adjacency matrixM also storing the weights. The entity tuple
e therefore contains all the perceptrons with their current states and the milieu matrix
M the neighbourhood or topology of the network. Comparable to the cellular automa-
ton experiment, we used the same target system etarget and 15 layers, each with 31
perceptrons. The update function consists of the input function in j and the activation
function g calculating the activation signal a j = g(in j ). In the input function

in j =
n∑

i=0

ωi, j · ai , (6)

the n incoming activation signals ai of neuron j are weighted through a respective
weight ωi, j and summed up. Please note that a0 is a bias weight. The activation
function was defined as a threshold function

g(in j ) =
{
0 if 0.5 > in j

1 if in j ≥ 0.5
(7)

and the perceptron learning rule

ωi, j ← ωi, j + r(y − a j )ai (8)

was used, where r is the learning rate, y the target or desired activation signal, a j

the current outgoing activation signal, and ai the current incoming activation signals
[24]. It is implemented as a method in the ANN class.

Here, too, the experiment was repeated several times, generally requiring less
than 100000 attempts to build and automatically program a metastable and actual
system. The exact solution was not found in any of the tested cases but a match of
approximately 90% was achieved comparing the solution with target entity states.
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5 Discussion

The aim of the present study was to make use of a previously defined metamodel of
complex systems for automatic programming of computer models and to generate
and automatically program cellular automata and artificial neural networks. Model
building blocks of this metamodel were defined based on the concepts of structure
and operation in a previous study [13]. It might not be surprising that structure is
formally described with mathematical tuples and has thus been implemented with
some kind of array or list data structure. Philosophy, however, allows novel and cre-
ative guidance. Hence, the philosophical concepts borrowed from Simondon imply
a system that consists of some local elements with connections to each other. On this
basis, we defined the model building blocks entity and milieu. In line with this, from
a temporal perspective, structure can be of different sizes and entity states can be
of different types. Therefore, the data structure has to be implemented dynamically
and generically. In addition, due to the philosophical definition of operation, it is not
surprising to formally describe it with a mathematical function and thus to imple-
ment it with a method. Here, the usefulness of philosophy is to allow the operation
to change structure. According to the two philosophical concepts of structure and
operation, a system is created by superimposing them. It is important to highlight
that structure and operation are always interconnected. While structure provides the
spatial dimension for the operation to occur, operation, on the other hand, forms the
evolving structure and thus defines the connections between the entities. Hence, input
and output parameters of the update function have to be implemented and defined,
which is part of the model building block operation. This function is application spe-
cific, i.e. it represents the functioning of the concrete system. Hence, philosophical
concepts such as structure and operation can guide the definition of a metamodel
for complex systems. Because of their abstractness, they suggest generic and object-
oriented programming for their implementation in the virtual regime.

Moreover, starting from the abstract definition of model building blocks, addi-
tional concrete models are formed in a metastable state. Hereby, philosophy provides
a framework on how to concretise the abstract model building blocks into a concrete
computer model. Concrete parameters are fed into the metastable system. These
concrete parameters are the initial conditions and an update function, which in turn
inform the metastable system. This guides the implementation by using the con-
crete parameters to initialise a System object, which then represents the metastable
system.

Since structure and operation are complementarily interrelated, it is important to
emphasise that in the virtual regime, structure and operation have neither a categorical
nor a hierarchical relationship. Therefore, every structure is operated, and every
operation is structured. While concrete parameters are being fed into the system,
thereby transitioning from the virtual to the metastable regime, the virtual regime
itself is not being altered. Hence, it is the starting point in order to create constantly
newmetastablemodelswithin themetastable regime. By accepting the virtual regime
as underlying governor, computation itself is constantly shifting from the metastable
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to the actual regime producing new systems, new models. This also means that
modelling itself happens only within the field of concrete parameters. It is not re-
entering the virtual regime of abstractness. Spoken philosophically: The starting
point as much as the result of every computation is always a model or some kind of
image. Even if the majority of concrete parameters is unknown, it should be possible
to compute different possible outcomes, simply by giving the unknowns random
values, e.g. in an evolutionary computation.

Because of the complementary relation of structure and operation and its unfold-
ing in metastability, computation of actual systems is not reduced to the meta-level
of the virtual regime. Our purpose was to create a method, which is able to create
models of complex systems. In this sense, our method can be seen as a tool rather
than a theory. We call this method the allagmatic method, because of its relatedness
to Simondon’s work [16]. For Simondon, structure and operation are generic con-
cepts, which are able to describe all sorts of systems in reality. Allagmatic is derived
from the Greek verb allatein, meaning change, transition, or transformation. Hence,
structure and operation are not only complementary, they also influence each other
reciprocally. Based on this relationship between abstract and concrete computation,
the allagmatic method is highly adaptable. Since the virtual regime, except from its
spatial and temporal constitution is not fixed to any specific type of model or image,
it can potentially undermine all types of computer models. As we have shown, the
metamodel allows to produce different types of models, such as cellular automata
and artificial neural networks, if not novel kinds of models that are still undiscovered.

However, with the immense adaptive behaviour comes also a high degree of free-
dom, which has to be controlled in order to use the allagmatic method in a pragmatic
way. This control is achieved by defining initial values based on the problem to
be solved. Yet, since computation always happens within the metastable and actual
regime, three problems can occur: (a) having a totally incomplete system, i.e. all
parameters are unknown, (b) having a semi-complete system, i.e. certain parameters
are unknown and certain are known, and (c) having a totally complete system, i.e.
all parameters are fully known. Even if at first sight a problem of kind (a) seems
meaningless, it might be fruitful if one considers the possibility of the allagmatic
method to create totally new types of models. Here, it would be possible to explore
the possible unfolding of the computational universe [21]. A problem of type (b) was
the initial scenario of the presented experiments; not only could it be widened by
increasing the number of unknowns, it could also be modelled by a different kind
of model such as an agent-based model. Problems of type (c), where all parameters
are fully known, can be looked at as being subjected to possible predictions. Starting
from fully known parameters, future possible outcomes can be computed and eval-
uated. Notice that it is also possible for problems to transmute, i.e. if starting from a
problem (b) by knowing only certain parameters and with the help of computation
the unknown parameters are found, one ends up with the situation of problem (c)
where all parameters are known and where from now on predictions of the behaviour
of the system can be made.

We also provided first examples of formal descriptions as well as automatic imple-
mentations of a two-state one-dimensional cellular automaton and a multilayer feed-
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forward artificial neural networkusing the allagmaticmethod.What is usually defined
as a cellular automaton cell is built from the abstract entity model building block.
These cells form a lattice, which is determined by the entity tuple e. Typically, this
lattice would be implemented with an array and the milieu would not be stored for
each cell as this is always defined by the neighbours and thus given from the grid
structure in a cellular automaton. Here it becomes evident that the traditional way
of implementing a specific model is more efficient but at the same time it is also
more restrictive with respect to the topology of connections between entities. Our
approach does not have this limitation but comes with a less efficient implementa-
tion. This is not an issue in the present study since the aim is to find a way to build
and automatically program computer models with as few limitations as possible.

In addition to cellular automata and artificial neural networks, the metamodel
defined in the allagmatic method arguably also allows to build other computer mod-
els such as agent-based models. Agent-based models are closely related to cellular
automata and as such have a similar structure and operation. Even more so, they have
agents and agent behaviours,which arewell represented by themodel building blocks
entity and update function, respectively. Agents also communicate with each other
from which the behaviour of the whole system emerges. This is well represented
by a model building block, the milieu and output of the update function. Maybe
even more importantly, the generality of the model building blocks possibly allows
creating novel computer models still not known to us. The created models therefore
are no longer necessarily of one known model type, they might only show certain
features of them. They blur the line between distinct computer models and thus are
able to produce novelty. In addition, these newly generated computer models can
possibly also be interpreted by humans. They consist of the model building blocks
that can be related to the philosophical concepts, which provide a description of the
role of each model building block and how they are related to each other.

6 Conclusion and Outlook

We conclude that automatic programming of computer models can be achieved by
a previously developed metamodel [13] that was guided by philosophical concepts
such as structure and operation, particularly on an abstract level. Other concepts such
as metastable system and concrete parameters are also useful for building concrete
computer models and for executing them. Both the abstract and the concrete defini-
tions provide guidance for mathematical description and automatic programming of
computer models.

While we provided exemplified descriptions and automatic programming exper-
iments of simple cellular automaton and artificial neural network models, further
studies are required to formalise and implement othermodels, especially agent-based
models and artificial intelligence methods. Because of the generality of the building
blocks in the metamodel of the allagmatic method, it is likely that the formalisation
and automatic programming ofmodels other than cellular automata and artificial neu-
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ral networks are possible. This will allow to not only automatically program existing
and novel computer models, it will also create models that are interpretable and thus
understandable to humans. Such novel but still interpretable computer models will
finally help us to more deeply explore and understand the computational universe.

Acknowledgements This work was supported by the Hasler Foundation under Grant 18067.

References

1. Wolfram, S.: Cellular automata as models of complexity. Nature 311, 419–424 (1984). https://
doi.org/10.1038/311419a0

2. Ding, R., Guo, Z.X.: Microstructural modelling of dynamic recrystallisation using an extended
cellular automaton approach. Comput. Mater. Sci. 23(1–4), 209–218 (2002). https://doi.org/
10.1016/S0927-0256(01)00211-7

3. Jiao, Y., Torquato, S.: Emergent behaviors from a cellular automaton model for invasive tumor
growth in heterogeneous microenvironments. PLOS Comput. Biol. 7(12) (2011). https://doi.
org/10.1371/journal.pcbi.1002314

4. Keller, F., Christen, P.: Bone as a complex system: computing bone remodelling across biolog-
ical hierarchies. In: Proceedings of the 8th World Congress of Biomechanics, O1389 (2018)

5. Ohs, N., Keller, F., Blank, O., Lee, Y.-W.W., Cheng, C.-Y.J., Arbenz, P., Müller, R., Christen,
P.: Towards in silico prognosis using big data. Curr. Dir. Biomed. Eng. 2(1), 57–60 (2016).
https://doi.org/10.1515/cdbme-2016-0016

6. Christen, P.: Moving beyond the genome with computer modeling. Pers. Med. 15(3), 145–148
(2018). https://doi.org/10.2217/pme-2017-0066

7. Hooft, G.T.: The Cellular Automaton Interpretation of Quantum Mechanics. Springer, Cham
Heidelberg New York Dordrecht London (2016)

8. Chen, X., Li, H.Y., Miao, J.R., Jiang, S.X., Jiang, X.: A multiagent-based model for pedestrian
simulation in subway stations. Simul. Model. Pract. Theory 71, 134–148 (2017). https://doi.
org/10.1016/j.simpat.2016.12.001

9. Esteva, A., Kuprel, B., Novoa, R.A., Ko, J., Swetter, S.M., Blau, H.M., Thrun, S.:
Dermatologist-level classification of skin cancer with deep neural networks. Nature 542, 115–
118 (2017). https://doi.org/10.1038/nature21056

10. Carleo, G., Troyer, M.: Solving the quantum many-body problem with artificial neural net-
works. Science 355, 602–605 (2017). https://doi.org/10.1126/science.aag2302

11. Bezerra, L.C.T., Lopez-Ibanez, M., Stutzle, T.: Automatic component-wise design of multi-
objective evolutionary algorithms. IEEE Trans. Evol. Comput. 20(3), 403–417 (2016). https://
doi.org/10.1109/Tevc.2015.2474158

12. Bidlo, M.: On routine evolution of complex cellular automata. IEEE Trans. Evol. Comput.
20(5), 742–754 (2016). https://doi.org/10.1109/Tevc.2016.2516242

13. Christen, P., Del Fabbro, O.: Cybernetical concepts for cellular automaton and artificial neu-
ral network modelling and implementation. 2019 IEEE International Conference on Sys-
tems, Man and Cybernetics (SMC), 4124–4130 (2019). https://doi.org/10.1109/smc.2019.
8913839 arXiv:2001:02037

14. Wiener, N.: Cybernetics: Or Control and Communication in the Animal and the Machine. The
MIT Press, Cambridge (1961)

15. Ashby, W.R.: An Introduction to Cybernetics. Chapman & Hall, London (1956)
16. Simondon, G.: L’individuation à la lumière des notions de forme et d’information. Editions

Jérôme Millon, Grenoble (2013)
17. Simondon, G.: On theMode of Existence of Technical Objects. University of Minnesota Press,

Minneapolis London (2017)

https://doi.org/10.1038/311419a0
https://doi.org/10.1038/311419a0
https://doi.org/10.1016/S0927-0256(01)00211-7
https://doi.org/10.1016/S0927-0256(01)00211-7
https://doi.org/10.1371/journal.pcbi.1002314
https://doi.org/10.1371/journal.pcbi.1002314
https://doi.org/10.1515/cdbme-2016-0016
https://doi.org/10.2217/pme-2017-0066
https://doi.org/10.1016/j.simpat.2016.12.001
https://doi.org/10.1016/j.simpat.2016.12.001
https://doi.org/10.1038/nature21056
https://doi.org/10.1126/science.aag2302
https://doi.org/10.1109/Tevc.2015.2474158
https://doi.org/10.1109/Tevc.2015.2474158
https://doi.org/10.1109/Tevc.2016.2516242
https://doi.org/10.1109/smc.2019.8913839
https://doi.org/10.1109/smc.2019.8913839


146 P. Christen and O. Del Fabbro

18. Cormen, T.H., Leiserson, C.E., Rivest, R.L., Stein, C.: Introduction to Algorithms. The MIT
Press, Cambridge London (2009)

19. Ilachinski, A.: Cellular Automata: A Discrete Universe. World Scientific, Singapore (2001)
20. Mainzer, K., Chua, L.: The Universe as Automaton: From Simplicity and Symmetry to Com-

plexity. Springer, Heidelberg Dordrecht London New York (2012)
21. Wolfram, S.: A New Kind of Science. Wolfram Media, Champaign (2002)
22. Kaufmann, S.A.: The Origins of Order: Self-Organization and Selection in Evolution. Oxford

University Press, New York (1993)
23. Cook, M.: Universality in elementary cellular automata. Complex Syst. 15(1), 1–40 (2004)
24. Russel, S.J., Norvig, P.: Artificial Intelligence: A modern Approach. Prentice Hall, Upper

Saddle River (2010)



Facial Recognition and Pathfinding
on the Humanoid Robot Pepper
as a Starting Point for Social Interaction

Achim Dannecker and Daniel Hertig

Abstract Interaction between humanoid robots and humans is a complex process.
Speech, gestures, and recognition of communication partners are important aspects
in a well-defined interaction. To seem more natural, a humanoid robot should not be
stationary. It should be able to be part of a crowd and wander around a specific area.
Therefore, pathfinding is important to give a humanoid robot the ability to connect
with people in more than one place. In addition, the recognition of communica-
tion partners is the backbone of social interaction. This chapter demonstrates how
OpenCV, a well-known computer vision library, supports the robot Pepper in the
recognition of communication partners and in addition, how this is the starting point
to different types of small talk as the basis for a prototypical interaction process of
humanoid robots and humans. Additionally, the navigation functions that allow the
robot to move autonomously and enable a better human–robot interaction will be
discussed.

Keywords Robotics · Humanoid robots · Human–robot interaction · Facial
recognition · Pathfinding

1 Introduction

In Fong et al. [1] it has already been stated, that social robots will play a significant
role in our world. According to them, robots will work in close proximity to humans
in different areas such as health care, office assistance, serving as tour guides, reha-
bilitation, etc. Especially in the health care sector, there are many assistive robots
that help with surgery, rehabilitation, elderly care, and medication delivery [2–4].
Or, for example, tour guides that focus on getting people from one place to another
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autonomously and in some cases with explanations of interesting points on the way
[5–7]. The ability to interact with people in an entertaining, engaging, or anthro-
pomorphic manner is an important part of the robots’ functionality [8]. In order to
establish a social interaction between a human and a robot, humans must get the
impression, that robots have beliefs, desires, and intentions [9]. In addition, social
robots should have greeting, face recognition, user identification, and dialog skills
[10, 11].

Humans are a deeply social species, and it is important to apply a social
model when observing and interacting with autonomous robots [12]. Autonomous
humanoid robots can perceive their world, make decisions on their own, and perform
coordinated actions to carry out different tasks [12].

The goal of this chapter is to show how the facial recognition capabilities of a
robot in combination with its pathfinding ability can be improved for a better social
interactionof the humanoid robotwith people around it. The robot used in the research
is Pepper of SoftBank Robotics [13]. OpenCV [14], a well-known Computer Vision
Library was used for facial recognition.

In paragraphs two and three, the facial recognition and pathfinding abilities of
Pepper and their limits are discussed. In paragraph four, the importance of these
abilities for a human–robot interaction, based on the outcome of qualitative research
within an elderly care institution, is pointed out before the conclusion is drawn in
the last paragraph.

2 Facial Recognition

As a prerequisite for advanced human–robot interaction, it is necessary for the robot
to recognize people it has previously met [15]. Without this ability, it will be almost
impossible to build a relationship between a human and a robot.

Since the facial recognition solution supplied onPepper is not sufficient for use in a
real-world business case, we implemented our own facial recognition solution based
on OpenCV [14] on the robot. To improve the recognition performance, an experi-
ment regarding the camera settings of Pepper was conducted. In this experiment, four
different parameters of the camera settings where changed to find the setting with
the best recognition performance and to analyze whether the default settings perform
well. For the facial recognition, all of the three recognition algorithms provided by
OpenCV [14] were used and compared in the experiment.

Systems that support facial recognition are technologies that can identify or verify
a person from a digital image or a video frame. There are multiple methods and algo-
rithms for how facial recognition systems work. What they usually have in common
is comparing selected facial features from given images with faces within a database.
These methods and algorithms can uniquely identify a person by analyzing patterns
based on the person’s facial textures and shapes.
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2.1 Algorithms

OpenCV provides three different algorithms for facial recognition. Eigenfaces [16,
17] which is based on Principal Component Analysis (PCA), Fisherfaces [18] which
is based on Fishers Linear Discriminant (FLD) [19] and Local Binary Pattern
Histograms (LBPH) [20] which is based on local feature extraction.

Turk and Pentland were the first to use Eigenfaces for face classification [16].
This algorithm builds on the fact that each face has features that make it unique
and differentiate it from other faces. The Eigenfaces method tries to collect those
features, encodes them in an efficient way and afterwards compares them to new
faces to enable recognition.

Fisherfaces is an improvement of Eigenfaces that was introduced by Belhumeur
et al. [18]. Instead of looking at the principal components of all faces in the training
set, Fisherfaces concentrates on the features of a face that discriminate it from other
faces. Thus, the impact of illumination changes is not as big as before because the
algorithm only looks at one face at a time and the features of a single face cannot
become as dominant as in the Eigenface algorithm [18].

LBPH [20] is a texture descriptor that looks for patterns that form a feature vector,
which can be used to classify a face. To do so, each training image is divided into
blocks. Each block contains nine pixels that build a grid of 3× 3 pixels with a value
from 0 to 255 according to their grey level. In a next step, the pixel in the center of the
grid is compared to its neighboring pixels. If the value of the compared pixel is equal
to or bigger than the value of the center pixel, it is assigned a 1, if the value is lower
than the one of the center pixel the assigned value is 0. After all neighboring pixels
have been compared and converted into a binary value, they are read clockwise or
counter-clockwise to build a binary representation of a number. After converting the
binary representation back to decimal, the resulting number will be assigned as the
new value of the center pixel. This procedure is repeated for each pixel in a block.
In a next step, the values of a block are converted into a histogram, which leads to
a representation of the image in one histogram per block. In a final step, all block
histograms are combined to a histogram for an image, which contains all the features
needed to classify an image. When the algorithm is confronted with a new face, a
histogram for the face is created. Then, the histogram is compared to the histograms
with which the algorithm was trained, and the face is assigned to the histogram with
the shortest distance to its own.

As mentioned in [21] Fisherfaces and Eigenfaces are known to be more sensitive
on illumination changes in comparison to LBPH.
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2.2 OpenCV

OpenCV is a well-known library for computer vision which also includes facial
recognition classes [21]. Before facial recognition can be applied, the facial recogni-
tion algorithms need to be trained to have data that allows them to classify unknown
images in the recognition process. When recognizing a face, the algorithms compare
the image of the face to be recognized with the images with which they were trained
and output a distance value and a class name towhich the algorithm assigned the face.
The distance value is a Euclidian distance and specifies how similar the recognized
face is to a trained face. The lower the distance, the closer the recognized face relates
to the trained face. Once the distance is calculated, the OpenCV algorithms assign
the test image to the class of the training image with the lowest distance. If desired,
a distance threshold can be applied so that a face is classified only if the calculated
distance is below a certain value. If no threshold is set, the algorithms will always
classify the test image into a class, even if the distance is rather large.

2.3 Experiment

The experiment collected data on the different settings of the robot’s camera. The
experiment was conducted in an office at the University. For the experiment, the
humanoid robot Pepper in combination with a computer and a LAN connection were
used. The LAN connection was chosen because it is much faster in transferring data
compared to WiFi in combination with Pepper. To have remote access to the file
system of the robot, PuTTY and the Remote System Explorer plugin for Eclipse
were used. One part of the program was written as Python scripts in Eclipse, another
part was realizedwith Choregraphe, which is the development environment delivered
with the Pepper robot and also includes some additional Python code. As mentioned
in the introduction, OpenCV was used for the facial recognition in the experiment
instead of the standard solution delivered on Pepper. To store the data collected in
the experiment, a SQLite database was used.

For the experiment, the robot was placed in a marked spot in front of a white
wall, so that all images taken in the course of the experiment were recorded in a
similar setting. The experimental subjects were placed in a marked spot in front
of the white wall, so that they were in the center of the robot’s field of sight. The
distance between the subject’s feet and the robot’s wheels was around 75 cm which
approximately reflects the distance between the robot and a human in a real-life
interaction. All images were taken in daylight without artificial light (Fig. 1).

In a first step, a series of 44 images was taken of all four subjects involved in the
experiment. This image set reflects 44 different settings of the parameters brightness
(BRT) [22], contrast (CON) [23], saturation (SAT) [24] and resolution (RES) [25],
through which the robot iterated in predefined intervals, as can be seen in Table 1.
One of the parameters was always changed, while the others stayed at the default
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Fig. 1 Experimental setup

Table 1 Interval camera parameters

Start End Interval DF

BRT 0 240 20 0

CON 0 120 10 32

SAT 0 240 20 64

RES 160 × 120 2560 × 1920 – 640 × 480

value (DF). At the time the image was taken, the average luminance was measured
to allow the settings to be optimized later according to the measured luminance. The
captured images, including the metadata of the various parameters and the subject,
were stored in a SQLite database.

This first sets of images were used as training sets for the facial recognition
algorithms. A few days after taking the first set of images, the experimental subjects
returned to take another set of 44 images with the same settings as for the first one,
whichwere later used as test sets to perform facial recognition. In the first recognition
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tests, it became clear that no face could be recognized with the highest brightness
settings, and also in some cases with the lowest contrast settings, so these images
were excluded and the test data reduced to 41 resp. 40 images. Again, the image set
was stored in the SQLite database. As soon as the two sets of images were taken, the
involvement of the subjects in the experiment was terminated and the collecting of
data started.

In the first phase of data collection, the three different facial recognition algorithms
of OpenCV were trained with a training set of one of the subjects. Each image of the
training set represented a class for the recognition process. For the training, triplets
of three images (classes) with different settings from the same parameter were built.
The first triplet started at the beginning of the range of a parameter, e.g. BRT0 and
then continued in the intervals of the parameter, in this case BRT20 and BRT40.
After the training of the first triplet, the facial recognition was performed on the test
images of the same subject as the training set. The results for the facial recognition
by all three algorithms and the training set used were stored in the SQLite database.
After the recognition, a next iteration started, altering the training set by one image
by increasing the parameter values by one step so that the second triplet would be
BRT20, BRT40, and BRT60. These iterationswere repeated until the end of the range
of the first parameter was reached and then resumed at the beginning of the range
of the next parameter. After all parameters completed the iteration, phase one of the
data collection for that subject ended. To end the first phase of data collection, the
process just described was applied to all remaining subjects. The general procedure
was repeated for the second phase of data collection. The difference with the first
phase was that the training set consisted of a combination of triplets of all subjects
through which it was iterated, and the test set consisted of the images of all subjects
as well. After the completion of the two data collection phases, 9,396 data sets were
collected that were used for data analysis.

The goal of the data analysis was to research whether the camera’s default settings
perform well in facial recognition with real-world lighting conditions, or if not,
which camera settings would perform better. For this purpose the results of the data
collection phases were analyzed. First, the data was filtered by subjects, then all
parameter settings were analyzed and the occurrence percentage of each setting was
calculated.

The next step was to identify the three best settings per parameter and algorithm.
This was carried out individually for phase one and phase two of the data gathering,
so that in the end there were two rankings per experimental subject, one for each
phase. These rankingswere then compared to find the best parameter setting across all
phases. To get the weighted ranking Rw, Eq. 2.1 was applied where Rp is the ranking
of a parameter setting, Op is the number of occurrences of a parameter setting and
Omax is the maximum of occurrences possible. In a last step of the analysis, the best
parameter settings from the experiment were compared to the results of the default
parameter settings to see which settings performed better.

Rw =
∑

Rp
∑

Op
× (

Omax − Op
)

(2.1)
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2.4 Results

Differences resulted between the three tested algorithms as can be seen in Table 2
and Figs. 2, 3 and 4. Figures 2, 3 and 4 each show four images that represent the best
setting for each algorithm and parameter. LBPH had the biggest variance between the
default (DF) and the best experimental setting. Fisherfaces (FF) and Eigenfaces (EF)
had remarkably smaller variances but still performed better than the default values.
The Fisherfaces and Eigenfaces algorithms matched the brightness parameter, while
the LBPH algorithm had different results for all parameters except the resolution.
Eigenfaces is also the only algorithm with which a default value other than the
resolution had the best result. For the resolution parameter, the default value of 640
× 480 was the best setting for all algorithms.

Depending on the distance threshold, which indicates when an algorithm can
recognize a subject, the different algorithms result in different numbers of correctly
recognized subjects. The range of the threshold differs for the three algorithms [16–
20]. For all three algorithms, the “best” parameter settings for the images were used
for the pictures tested with a training set. One training set included all images that
were taken with the different types of settings. Another training set contained only
images with the “best” parameter set for the specific algorithm. The following tables
therefore show two different results. One with the general set of pictures (Quality

Table 2 Best settings for parameters

DF LBPH FF EF

BRT 0 60 40 40/80

CON 32 120 20 60

SAT 64 40 240 64

RES 640 × 480 640 × 480 640 × 480 640 × 480

Fig. 2 Best LBPH settings
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Fig. 3 Best Fisherfaces
settings

Fig. 4 Best Eigenfaces
settings

All, Total All) and one with the set of pictures with the “best” parameter set (Quality
Best, Total Best).

Table 3 shows the percentage of faces that were correctly recognized. In particular,
starting with the pictures and the related setting above, Table 3 shows, for example,
based on a threshold 55 that 89% of the recognized subjects were identified correctly,

Table 3 Number of correctly recognized subjects for LBPH

Threshold Quality all (%) Total all (%) Quality best (%) Total best (%)

Avg 70 91 75 92

60 79 84 82 85

55 88 82 89 83

50 86 93 75 92
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Table 4 Number of correctly recognized subjects for Fisherfaces

Threshold Quality all (%) Total all (%) Quality best (%) Total best (%)

Avg 66 92 65 93

1000 70 88 71 87

500 71 89 69 88

250 74 90 76 89

Table 5 Number of correctly recognized subjects for Eigenfaces

Threshold Quality all (%) Total all (%) Quality best (%) Total best (%)

Avg 66 93 65 87

1000 68 91 68 85

500 60 89 57 91

250 78 67 94 68

which represents 83% of the sample. 17% of the subjects were not recognized and
11% were classified falsely.

Since the recognition with Fisherfaces generally results in higher distance values,
different thresholds are used. In general, the recognition rate was not so good and
the number of falsely recognized subjects is higher (Table 4).

For Eigenfaces, the thresholds are the same as for Fisherfaces. In general, the
recognition rate was not so good, except with threshold 250 (Table 5).

The same set of tests was made with the default face recognition of Pepper.
Pepper’s default face recognition resulted in a correct recognition rate of 50% (best
case) based on a total of 89% of the complete sample in which it recognized a face.

3 Pathfinding

Since autonomous navigation of the robot is a major concern in a business case with
human interaction, we also conducted smaller experiments in a nursing home for the
elderly to research how well the built-in navigation capabilities of the robot Pepper
perform and what improvements should be implemented in the future.

Pathfinding or pathing in most cases is implemented with the calculation of the
shortest path. It is often based onDijkstra’s algorithm for finding a shortest (cheapest,
fastest, etc.) path on a weighted graph [26]. First, the robot autonomously creates a
map of a defined area. The area is often defined with a starting point and a radius the
robot should scan. During the scan, the robot searches for open spaces and obstacles
in the defined area.

In addition to facial recognition, the autonomous navigation of a robot in an
interaction with a human is also of high importance. At the moment, Pepper robots
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Fig. 5 Map created by
Pepper

are mainly used in a stationary manner where they provide information [27, 28].
To enable a human–robot interaction that feels more natural, the robot needs to be
able to move in a way that does not interfere with its human collaborator [29, 30].
For navigation, an existing sample application [31] has been adapted to our needs.
With the modified navigation application, a nursing home was visited to see how
the application performs. On the first visit, Pepper was placed in the middle of the
hallway it was supposed to scan, and after defining the radius for the exploration
(20 meters), it started to explore the hallway. To prevent Pepper from entering the
rooms of patients who were asleep, one of the authors always stood on the doorstep
and was therefore recognized as an obstacle. In the first attempt, the radius chosen
was too small, which led Pepper to stop the exploration prematurely. The radius was
adjusted to 30 meters and the second attempt went better and included the whole
hallway including an area called “Marketplace” where patients can meet each other
(see Fig. 5). While exploring, Pepper successfully maneuvered around static and
moving obstacles thanks to its laser and sonar sensors [32, 33]. In a last exploring
attempt, Pepper explored the same hallway twice and displayed the scanned hallways
parallel to each other on its tablet that showed the created map.

On the second day, the goal was to test how well Pepper could localize itself on a
previously created map and navigate to predefined points on the map. To help Pepper
localize, the user must estimate the position of Pepper on the map that is displayed on
its tablet. After the user guessed the robot’s position, Pepper continued with a scan
of its surroundings to localize itself on the map. In the first attempts, localization
difficulties occurred as Pepper could not distinguish between the main hallway and
the access ways to other rooms which were similar in width to the hallway. After
adjusting Pepper’s starting position, these problems could be eliminated and a first
patrol to different points on the map was possible. In general, the navigation to points
on the map was quite accurate. When inaccuracies in the navigation occurred, they
weremostly related to the localization of the robot on themap. The twomost common
error scenarios were that Pepper thought it had already reached a point because in
terms of its localization, it was at the specified point on the map and the robot was
unable to navigate to the point because there were large obstacles, e.g. a wall, in its
way due to a wrong localization. The best results were achieved when Pepper was
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starting at the “Marketplace”, probably because it had a very distinguishable layout
and allowed a good initial localization.

Although the localization and patrolling worked in some cases, it became clear
that there is still a lot of room for improvement in the navigation capabilities of
Pepper since a real-life application in an elderly care home would be hard to realize
with the existing solution.

4 Social Interactions

To bring both aspects—facial recognition and pathfinding—together, there is a wide
range of possibilities related to social interactions. This section will give an overview
of possible further social interaction dialogues that can be part of a nursing home
for the elderly. These possible dialogues are the result of several workshops together
with a nursing home for the elderly, caregivers, nurses, and the people who live there.

4.1 Searching for People

People are often searched e.g. when grandchildren visit their grandmother and she is
not in her room. Due to its pathfinding abilities, a humanoid robot can wander around
and is aware (because of facial recognition) ofwho is inwhich place. The robotwould
be able to give assistance in finding a person. This is also useful if an elderly person
has an appointment, e.g. physiotherapy or an event such as dancing, and they are
missing. The robot could give hints in advance that there is an appointment with the
physiotherapist in 10 min and offer to escort the person to their appointment.

4.2 Menu Plan

The menu plan for lunch and dinner is an important aspect in nursing homes. At the
moment, caregivers are asked repeatedly what is on themenu during the course of the
day. If the robot would know the menu plan, it could give respective information to
people. Additionally, if the robot knew what the preferred meal of an elderly person
was, it would be able to talk about it with someone if it recognized the person via
facial recognition, e.g.: “You know, today there is fish for lunch. You like fish, are
you happy?”
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4.3 Taking Orders

Often the residents of a nursing home order something to drink etc. The robot could
take orders from persons and, in addition, if it recognized a person and knew their
preferred drink, it could motivate the person: “Do you want some peppermint tea, I
know you like it and already two hours have passed since you have ordered your last
drink.” If there are other activities in an old people’s care center such as a dancing
event etc. the robot could accept registration for these events.

4.4 Sport Small Talk

If the robot knew what an elderly person’s preferred sports team was, it could do
research on the internet (via keywords, e.g. soccer, Basel, Switzerland, < last 3 days)
and start a dialogue, e.g.: “You know your preferred team the FC Basel won last
weekend against the BSC Young Boys from Bern 2:0, it was a great game. Fabian
Frei scored the two goals in minutes 75 and 83. There was also a red card for…”

There are plenty of other possibilities for dialogues a humanoid robot can hold if
it is able to navigate, recognize people and has some background information about
them.

5 Conclusion

Analyzing the collected data, it became clear that the default settings of the robot’s
camera do not performat their bestwhen facial recognition is done in real-life lighting
conditions.

The experiment showed that OpenCV improves the rate of facial recognition
up to 27% and also reduces the misidentified subjects. The results show that the
different algorithms bring up different results in quality and quantity. Nevertheless,
the differences are minor compared to the differences to the default settings of the
robot Pepper. For each algorithm there is a “best” setting for the images. These
settings differ except for resolution. Interestingly, the resolution 640 × 480 had the
highest recognition rate for all three algorithms. The difference between the default
settings and the “best” setting due to the different algorithms is remarkable. In all
cases the use of OpenCV led to better results than the standard tools that are used
on the robot Pepper. The different algorithms have special ways to handle images
with different properties. How to determine the best algorithm with the best setting
depends on the focus of the business case. Is it more important to recognize more
subjects correctly but less in total or recognize less correctly but more in total? There
is no general “best” configuration in terms of algorithm and threshold. What can
be said is that there is a general best configuration per algorithm w.r.t. brightness,
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contrast, saturation and resolution, excluding the threshold. This paper can be used
as an initial decision helper, when it comes to the setup or improvement of the ability
of Pepper to recognize people.

In our experiment at the nursing home it became clear that the navigation abilities
of the robot Pepper are not precise enough to allow an autonomous navigation on
a previously explored map. On the one hand, the exploration works very well and
results in maps that can be used for navigation. The navigation on the map, on the
other hand, has several weaknesses, e.g. the localization of the robot and the precision
of reaching points marked on the map.

In terms of navigation and as a next research step, the on board abilities of Pepper
will be compared to the tools that are provided by ROS [34] in the future to evaluate
which platform allows better pathfinding. In addition, there is a vast amount of
possibilities to combine facial recognition, pathfinding, and small social dialogues
to improve the interaction between humans and humanoid robots.
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Social Robots in Organizational
Contexts: The Role of Culture
and Future Research Needs

Theresa Schmiedel, Janine Jäger, and Vivienne Jia Zhong

Abstract The integration of social robots in organizations is on the rise. In the
future, an increase in the application of physically embodied robots who socially
interact and collaborate with humans is expected. In this chapter, we outline the
organizational contexts in which current research examines social robots and point
out cultural challenges regarding their implementation in the workplace. We suggest
that the successful integration of social robots in organizations requires a cultural
fit between values embedded in social robots and values lived in the organizational
context in which the robot is deployed. In addition, we propose an agenda for future
research that addresses the associated cultural challenges of introducing social robots
into organizational contexts.

Keywords Social robot · Organizational culture · Embedded values

1 Introduction

A new generation of robots has emerged. Unlike conventional industrial robots that
perform repetitive tasks in a delimited area in factories, this relatively new type of
robot is characterized by sociality, which means that it has the ability to express
emotions, communicate, and learn from other agents [1]. Compared to industrial
robots, social robots no longer function as mere “machines” that perform some
predefined task such as assembling car parts. They are able to cooperate and interact
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autonomously with human partners to achieve mutual goals based on their cognitive
abilities.

A variety of application areas for social robots is currently evolving. For example,
social robots may assist patients in “checking in” at the doctors, support customers in
hotel lobbies, or they can help students with their learning activities. This new kind of
interaction with robots comes with challenges such as the integration of social robots
in existing organizational contexts. This integration has to be tailored to the specific
needs of each organization and be aligned with the organizational culture, so that
the social robot can unfold its potential and contribute to increased organizational
performance [2].

Particularly, the integration of social robots into organizational cultures, i.e. the
acceptance among employees to interact with the social robot, will play a key role
in social robot adoption. Social robots will increasingly collaborate with humans
in the workplace, where they will take over autonomous roles in work processes.
Hence, social robots will be part of the organizational culture and both human and
robot behavior will mutually shape each other [3]. Thus, the concept of culture is an
essential research field in robot design and robot integration in organizations.

The purpose of this chapter is to highlight the role of culture in integrating social
robots into organizational contexts. Therefore, we first give an overview of organi-
zational application areas that current social robot research focuses on. Second, we
conceptualize the role of culture in integrating social robots into work environments.

The remainder of this chapter is organized as follows. Section 2 specifies the
concept of social robots and introduces main organizational application areas.
Section 3 specifies the concept of culture and outlines how far current social robot
research has addressed cultural aspects. Section 4 conceptualizes the role of culture
regarding the adoption of social robots in organizations and suggests a research
agenda. Section 5 concludes the chapter with a summary and an outlook.

2 Social Robots in Organizational Contexts

2.1 Social Robots

Although the history of robots might be traced back to the 3rd Century, B.C.E, when
the first robotic bird—the Pigeon—was made using stream power [4], social robotics
represent a relatively new study field. Over the past two decades, several attempts
have been made to define the concept of a social robot. A review of definitions of
social robots reveals that a variety of facets have been taken into account. Scholars
from the field have not reached consensus on the typology of social robots. Social
robots are generally understood as machines, applications, or autonomous agents
[1]. Although the ability of social interaction is considered the main function of a
social robot, some researchers also explicitly mention other functional skills such as
task execution, assistance, and problem solving (e.g. [5, 6]). Furthermore, beyond
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the interaction with humans, other researchers additionally include the interaction
with the environment or other robots as one of the qualification criteria of a social
robot [7]. Moreover, research has defined various attributes that characterize a social
robot. While most definitions emphasize sociality and communicativeness, for some
researchers, the physical embodiment or the possession of cognitive functions are
very important elements of a social robot (e.g. [8]).

As the definition of the term social robot is still evolving, synthetized from the
existing definitions, as listed in [7], we argue that a social robot in its simplest form
is:

A physically embodied robot that possesses a certain degree of autonomy and a certain level
of cognitive functions. A social robot engages in social interactions with humans and adheres
to social norms.

The physical embodiment is emphasized to distinguish social robots from virtu-
ally embodied agents (e.g. embodied conversational agents), which can also perform
social interaction with its counter partner. Autonomy generally refers to the ability
of the robot to perform processes and operations on its own [9]. Cognitive functions
range from basic functions such as perception and memory to high-level functions
such as speech and decision making [10]. Both autonomy and cognitive functions
are required to perform social interactions, which are defined by Gist as “the recip-
rocal influences that human beings exert on each other through interstimulation and
response” (cited in [11], p. 14).

The term social robot is often used synonymouslywith service robots.Unarguably,
there is an overlap of the capabilities between social robots and service robots, which
are robots that perform “useful tasks for humans” (see [12], p. 1). Both might be
partially autonomous, possess some sort of cognitive functions, and carry out social
interactions with their counterpart such as avoidance of collisions, communication
through audio, visual, and written signals, collaboration in assembly tasks, etc.

To distinguish social robots from service robots, we suggest using the character-
istics and the extent of social interactions of their main task as indicators. While the
main task of a service robot is to perform a certain activity that physically supports
humans, such as lifting, assembling, or cleaning [12], the main task of a social robot
is to interact socially with people [13], for example through having a conversation,
playing a game, answering questions, providing guidance, or engaging in learning
activities. Despite these differences, however, we can expect that the capabilities of
social and service robots become increasingly aligned over time. Even today, we
can already identify robots that integrate both physical and verbal interaction with
humans (e.g. Lio, which is designed for stationary healthcare support [14]).

2.2 Organizational Application Areas of Social Robots

The ability to interact socially with the user and engage with the user on an emotional
level opens up new possibilities for the application of social robots in organizations.
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In the domains of healthcare, education, and tourism, the use of social robots has
been intensively studied. The following sections give an overviewof these application
areas.

2.2.1 Healthcare

Several trends drive the use of social robots in healthcare: On the one hand, the
demand for care has been increasing due to the globally ageing population [15] and
the rising prevalence of people with disabilities [16]. On the other hand, the cost of
care has continuously grown while the shortage of healthcare professionals is still
considerable [17].

Social robots find a broad range of applications in healthcare. Research hasmostly
focused on two target groups: elderly people and children. When it comes to elderly
people, researchers have investigated the use of social robots for various appli-
cation scenarios, such as the treatment of mental health (e.g. dementia) [18, 19],
promotion of psychological well-being [20, 21], support of physiotherapy [22] and
companionship [23].

Research targeting children has mostly focused on involving social robots in the
treatment of autistic spectrum disorder [18, 24, 25], in which a social robot can take
on various roles to achieve the therapeutic goals [26]. In addition, social robots are
used in health elucidation (e.g. quizzes on diabetes knowledge) and well-being (e.g.
distraction during vaccination) of children [27].

2.2.2 Education

A further popular application domain of social robots is education. In this context,
social robots can take on the role of a teacher, teaching assistant, novice, companion,
and peer [28]. Most research is aimed at children and the education of adolescents
[28].

Language learning and teaching is increasingly using social robots. Ameta-review
[29] showed that social robots were predominantly involved in vocabulary learning.
However, a few studies also reported how robots can help improve reading skills,
grammar learning, and sign language [29].

In further application scenarios, social robots acted, for example, as teaching
assistants to support learning activities in small groups [30]. In [31], the authors
reported that the combination of the robot and the think-aloud strategy achieved
positive effects on children’s learning outcomes.
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2.2.3 Tourism

A growing number of research has investigated the use of robots in tourism including
organizations such as hotels,museums, and shoppingmalls, where social robots often
play the role of an information provider.

In the hospitality and catering sector, the robot is preferably seen as a recep-
tionist and concierge, performing tasks related to logistics and goods delivery,
taking customer orders, providing information, and processing payments [32, 33].
Furthermore, from the hotel manager’s perspective, registering guests for breakfast,
connecting the guest to the hotel desk via video conference, and guiding the guests
to the desired location are considered useful applications [34].

Additionally, application scenarios in shopping malls are similar to hospitality,
with a primary focus on information provision, guidance [35–38], and entertainment
[39]. Social robots also have the potential to be used at the airport to accompany
passengers during their flight transfer [40].

2.3 Need for Cultural Integration of Social Robots
in Organizational Contexts

Many application scenarios for social robots are still in a research and testing phase
and scholars are working intensively on the technical realization and improvement
of the use of social robots. However, studies have also shown that the integration
of social robots in given contexts is also culturally challenging, since people do not
necessarily accept social robots as interaction partners, especially in tasks that require
intensive relationship building (e.g. in education or healthcare) [41].

3 Culture as a Concept in Social Robot Research

3.1 Culture

Culture is a concept that is difficult to grasp and researchers have defined it in many
different ways. Basically, many researchers agree that the essential elements that
define culture are values [42, 43], which are concepts of the desirable—in other
terms, what a group deems proper to want or pursue [44]. For example, a group may
appreciate the value reliability and, thus, act accordingly through being there for
each other, or a group may appreciate the value individualism and find it preferable
that everyone can do as they like.
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This specification leads to another important aspect of culture: the concept always
refers to a certain social system, be it a groupof friends, an organization or a geograph-
ical region [45]. Researchers refer to this lens as levels of culture, such as national
culture, professional culture, organizational culture, and group culture [46].

Considering these specifications of culture, organizations have to understand
which cultural levels and associated values are already in place or are required
for a successful integration of technologies [47]. As culture has a strong influence
on (work) behavior and thus on organizational performance [48], it should also be
considered as an important factor in social robot research.

3.2 Culture as Part of Social Robot Studies

Little research is addressing cultural aspects of social robots and human–robot
collaboration because the vast majority of robotics studies come from the fields of
engineering and computer sciences and focus on technological robot development
and performance. When robotics studies investigate culture, they mainly focus on
differences in national culture to optimize the functionalities and design of robots
[49–51]. Next, a brief overview of the study of culture in relation to robots in the
three organizational application areas described above will be given.

3.2.1 Healthcare

Only a few robotics studies focus on the concept of culture in healthcare, even
though cultural competence is essential in this context [52]. A robot should adapt to
the specific cultural context in which it assists people, such as healthcare workers,
elderly people in domestic environments, or patients in hospitals. Especially patients
and the elderly in need of care are in a vulnerable state and deployed care robots
should represent the cultural values that are needed in this context. Further, a person’s
attitude towards health and self-care strongly depends on their cultural background
[53]—another cultural aspect social robot designers should take into account.

The few culture-related studies of robots in healthcare either address the imple-
mentation of surgical robots in different national cultures [54], or they focus on
how people perceive and interact with robots at a national or cross-national level in
different application scenarios [55–58]. These studies identify the cultural compe-
tence of robots as highly relevant for their application in healthcare and acknowledge
cultural differences with regard to the investigated concepts. However, these studies
mostly address cultural values in relation to national culture and do not examine
further cultural layers that predominate in healthcare, such as organizational values
and patient values.
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3.2.2 Education

There is also little research on the cultural requirements of social robot implementa-
tion in education or the cultural values embedded in educational robots.

Few studies on robots in the education sector, focusing on culture, investigate
either attitudes towards robots or user acceptance [59–61] as well as child–robot
interaction across national cultures [62]. Some studies investigate the difference
between Eastern and Western cultures and their openness and willingness to use
robots in educational contexts [63].

The underlying assumption is that culture has a strong influence on the acceptance
and use of robots, as confirmed by these studies. Overall, most research conducted on
social robots in education focuses on identifying and evaluating learning scenarios
and applications without highlighting the culture or underlying values.

3.2.3 Tourism

With regard to tourism, some studies on robots focus on their integration into
museums to innovate cultural heritage [64, 65]. Further research investigates the
cultural differences in attitudes towards robots in Eastern and Western national
cultures [66]. Some researchers examine for example the national evolution of robot
culture in Japan [67].

Ideas for robot applications in tourism are manifold, however, the concept of
culture is not yet being studied intensely at many levels other than national culture.
Regardless of the application scenario, the consideration of cultural values is essential
to successfully integrate social robots into organizations together with an appropriate
design of these robots and the respective human–robot interactions.

3.3 Lack of Focus on Culture in Social Robot Research

Overall research on social robots hardly focuses on organizational culture, even
though existing studies and conceptual research emphasize its importance [52].
Nevertheless, we can identify a strong need for research that addresses not only the
national, but all different levels of culture, and considers cultural values that should
be embedded in social robots for their successful integration in organizations [68].
In fact, not only the strategies and goals of an organization determine the success or
failure of technology integration, but also the acceptance of the users who determine
whether the integration of an artefact into the work routines makes sense [69, 70].
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4 The Role of Culture in Integrating Social Robots
in Organizations

The integration of robots in organizations influences organizational structures and
workflows as well as roles and responsibilities. Following prior research on the
implementation of novel approaches in organizations [71], we argue that organiza-
tions have to understand their cultural readiness for the integration of social robots in
order to design a work environment that enables meaningful human–robot collabo-
ration. In other words, we recommend that organizations are aware of which of their
cultural values support or hinder the implementation of social robots.

We take a value-based perspective to conceptualize the cultural integration of
social robots [68]. In fact, research has called for a value-sensitive focus on social
robots. Particularly, the value-sensitive design approach has becomepopular in recent
years. It emphasizes the need to integrate human values in technology through a
bottom-up approach [72]. Accordingly, we focus on the type of values to consider
for the cultural integration of social robots into organizational contexts.

4.1 Conceptualization

Regarding the cultural integration of social robots into organizations, we identify two
key sets of values based on previous research [71]. First of all, we need to consider the
organizational culture through the values that employees live by in the organization.
In other words, we need to have a good understanding of how far the organizational
culture supports the integrationof social robots or how far the given culture needs to be
influenced so that social robots can actually support the organizational performance.
Second, we need to consider the values that are embedded in the specific social
robot that an organization intends to integrate. Examples for such values could be
fun, modesty, control, and companionship.

The overlap of these two types of values (organizational values and social robot
values) is what we call the cultural fit (following [73]). A high cultural fit exists
when the organizational culture embraces values that are also embedded in social
robots. A low cultural fit means that the social robot values oppose the organizational
culture. In the latter case, cultural resistance regarding the application of the social
robot can be expected.

Accordingly, we suggest that a cultural fit between the values embedded in social
robots and the values lived in the organizational context has a positive influence on
social robot performance, i.e. the degree to which the social robot supports the orga-
nization in achieving its goals. More specifically, we argue that social robots which
culturallyfit the organizationprovide theorganizationwith performancebenefits such
as more efficient and effective business processes. For example, social robots may
provide information more quickly, more accurately, and more cost-efficiently than
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Fig. 1 Conceptualization of the role of cultural values in social robot integration

employees. We call such performance benefits social robot performance. Figure 1
illustrates the relations described above.

4.2 Research Agenda

Following the above conceptualization, we propose various fields in the intersection
of social robots and culture that future research can follow up on. In particular, we
identify three fields of research that future studies can work on: social robot values,
organizational values, and social robot performance.

For each of these fields, we identify research questions and potential methods that
researchers can apply to address these questions. Table 1 provides an overview of
the research agenda we propose in the field of social robotics.

As to the field of social robot values, future research may at first study existing
social robots andfindoutwhich values are already embedded in them. Interviewswith
social robot designers and users can help identify the as-is integration of particular
values. Since currently embedded values may be highly diverse and have various
labels depending on people’s perceptions, we consider it relevant to categorize the
identified values to be able to compare values embedded in social robots on a more
abstract level. Focus groups with categorization exercises and discussions would be a
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Table 1 Agenda for future research at the intersection of culture and social robots

Field Research questions Potential methods

Social robot values What kind of values are embedded in current
social robots?

Expert interviews

How can values embedded in social robots be
classified?

Focus groups

Which values should be embedded in social
robots?

Delphi study

Organizational values Which values positively influence the
integration of social robots in organizations?

Survey

How can we assess the cultural readiness of
an organization to integrate social robots?

Scale development

Social robot performance How can we assess social robot performance
(e.g. the contribution of social robots to
increased organizational
efficiency/effectiveness)?

Scale development

Which cultural contexts are most beneficial
for high social robot performance?

Survey

suitable way to collect data for this purpose. Finally, we consider it most important to
examine which values should be integrated into social robots for a particular industry
context.We recommend conducting a comprehensiveDelphi studywith experts from
various backgrounds (e.g. designers, users; academia, practice).

Regarding organizational values, future research could examine which values
have a positive effect on the integration of social robots in organizations. For
example, based on a survey, researchers could analyze what kind of organizational
values support the integration of a social robot among employees. Furthermore, a
scale/measurement instrument could be developed to examine the cultural readiness
of an organization to integrate social robots. Such a scale could measure how far an
organizational culture already embraces those values embedded in a particular social
robot to anticipate potential difficulties and required cultural changes for a successful
social robot implementation.

Regarding social robot performance, future research may also develop a scale to
measure the performance of social robots. This scale could assess how far the social
robot contributes to the efficiency and effectiveness of organizational processes (e.g.
what factors determine efficient and effective processes supported by a social robot,
and how can we measure them?). Finally, researchers could examine what kind of
cultural contexts support the performance of social robots the most. A survey could
be used that builds on the developed scale for social robot performance and on an
assessment of the organizational culture.

The examples showabroad range of future research possibilities at the intersection
of social robots and cultural values, and we call for studies following up on these
examples.



Social Robots in Organizational Contexts: The Role of Culture … 173

5 Conclusion

Our paper addresses the role of culture in the application of social robots. We can
observe a lack of research tackling cultural challenges with regard to the integration
of social robots into organizational contexts. Based on this finding, we propose a
conceptualization of the role of cultural values in social robot integration and we
derive an agenda for future research to follow up on the research need we identified.

We encourage fellow researchers to take a value-based perspective and address the
call for research in this area [74]. A better understanding of the cultural requirements
to successfully integrate social robots into organizations will help practitioners to
achieve more powerful performance benefits through the usage of social robots, it
will help robot designers develop social robots with integrated cultural values, and
it will help employees and customers to see social robots as part of their cultural
groups.
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Digital Transformation
for Sustainability: A Necessary Technical
and Mental Revolution

Michael von Kutzschenbach and Claus-Heinrich Daub

Abstract Digital technology and innovations are transforming our economy and
society as never before. However, business leaders and managers are at a point
where they need to rethink the way business can leverage digital transformation in
order to support engagement with sustainability challenges. As organizations operate
in the context of society, many factors such as social structures, political decision-
making, general economic trends, and technological development, influence their
operations. To be successful, an organization must be aware of these changes and at
the same time be able to engage with them. Based on this viewpoint, we outline an
integrated framework linking different levels of “digitalness”with necessary changes
in managerial practice to support organizational inquiry. More research is necessary
to better understand how the practice of management needs to transform in order to
leverage digital technologies for an on-going, learning-based engagement strategy.
This requires awareness of one’s own thinking, suspension of one’s prior beliefs, and
engagement in organizational learning and experimentation with stakeholders.

Keywords Digital transformation · Engagement strategy · Sustainability ·
Organizational learning · Inquiring system

1 Introduction

We live in exciting times, to paraphrase an old Chinese saying. The original idea
behind the statement had both positive and negative implications and the current state
of the world confirms the wisdom of this insight. From the business perspective, two
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issues have become dominant in the strategic thinking of organizations—stakeholder
demands for greater business responsiveness to environmental and social issues and
advances in digital technology [1].

The first is concern for the environment. This is more generally interpreted as
including not only the climate aspects but also the effects of “business as usual” on
the planetary ecosystem [2]. Added to this are concerns about the effects of business
operations on society [3]. Providingwages for services in a capitalistic society clearly
improves overall welfare but there are systemic distortions that shift the benefits to a
few, often at the expense of others cf. [4]. This issue has a strong ethical component
and vocal stakeholders argue that businesses must take responsibility for past abuses
and strive to eliminate them in their future work. Without credible efforts to address
these issues organizations can lose their “license to operate” in society.

Important and significant improvements in environmental performance have been
achieved in the decades following the publication of Rachel Carson’s Silent Spring
in 1962 [5]. However, these have generally not come from industry-initiated actions.
Regulations and laws were needed to assure compliance through mostly financial
penalties. Although greater efforts have made environmental protection possible,
these improvements most often represent “harvesting low hanging fruit.” These are
actions taken by companies because it is good for business and for their profile but
without radically changing the way they do their business. Significantly more effort
and creativitywill be needed to attain higher levels of environmental performance [6].

The societal narrative has evolved from demanding non-polluting business oper-
ations to achieving a state of “sustainability”. In reality, this is an impossible goal
because it ultimately represents a violation of the Second Law of Thermodynamics
[7, 8]. Beyond this, the original environmental challenge has evolved to include the
social and ecosystem ethical aspects, each backed by active and vocal stakeholders
from all parts of society [9].

In short, the external and internal challenges of being successful in this new “envi-
ronment” is a classic “wicked problem,” as originally described by Rittel andWebber
[10]. Engagement with this class of problems requires quite different managerial
mindsets and approaches in order to be effective. To date, there is little evidence that
the magnitude of the “sustainability” challenges facing businesses is fully grasped
by the business community.

While environmental and social issues are generally viewed in a negative light as
a threat, digital technologies have been widely adopted by business as a means for
improving operations and directly contributing to economic performance. Never-
theless, digital technologies also offer the potential to support the organization’s
efforts to address the first issue. Since their beginnings in military technology [11],
digital technologies have grown at an exponential pace and have gone through several
evolutionary stages.

Digital technologies present a companywith a set of issues that are both promising
and challenging [12]. Improved information gathering, processing and dissemination
is an obvious benefit. Organizational disruption is one of themore challenging conse-
quences. Both the sustainability challenge and developments in digital technology
are largely driven by forces external to the organization. However, the adoption and
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management of digital technologies are under directmanagerial control,which allows
greater freedom in determining their application. However, a company’s responses
to the sustainability issue are not as direct and focused.

The purpose of this chapter is to present a framework that links sustainability
demands with the promise of digital technologies. As with almost all technologies,
there are both positive and negative consequences. An all too human tendency is,
unfortunately, to concentrate on the advantages and not fully recognize the potential
disadvantages. Digital technologies are no different. Additionally, the immediate
benefits of, for example, automating routine procedures have tendencies to reinforce
the belief that digital technologies are a panacea for all problems. The ubiquity
and success of digital technologies in business suggest that these technologies can
significantly support an organization’s efforts to engage with the wicked problem of
sustainability. However, this path is not an easy one; it implies significant changes
ranging from managerial thinking and organizational culture to the larger society in
which they are embedded.

This chapter highlights the importance of fostering organizational learning and
management innovation within and beyond the organization to harness the power
of digital technologies. It addresses how digital transformation to higher levels of
organizational integration supports the engagement and learning processes required
in order to cope with the wicked problem of sustainability at both the business and
societal levels.

The remainder of this chapter is organized in three sections. The following
includes a discussion of the complexity of sustainability challenges and provides
a framework for understanding digital transformation as a process. In the subsequent
section, an integrative framework for a sustainability-oriented inquiring process with
the support of digital technologies will be developed. Finally, the integration of
new digital technologies with organizational support for double-loop learning and
innovative experimentation to foster digital transformation for the better will be
discussed.

2 A Necessary Revolution—from Technical Fixes
to Fundamental Solutions

Building on the introduction of the sustainability challenge and providing a frame-
work for understanding different levels of “digitalness,” this section argues for a
more holistic approach to digital transformation. When applying digital transforma-
tion to the development of sustainability approaches, it is useful to have a shared
understanding of how the different terms are used in this chapter.

The first step highlights the complexity of sustainability challenges for human
decision-making capability. The second step frames the digital evolution as character-
ized by three levels, digitization, digitalization, and digital transformation. Because
digital transformation is not an end in itself but rather an ongoing evolutionary
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process of innovation, the necessary organizational learning processes for a more
holistic approach to digital transformation for sustainability are discussed.

2.1 The Sustainability Challenge

The effects of human activities on the planet have been observed for centuries, so
awareness of the consequences of these activities is not new (cf. [13]). However,
industrialization and economic pressures formore and faster growth have outstripped
nature’s ability to absorb the by-products of this growth. Carbon dioxide emissions
to the atmosphere is the most common example but the list of hazardous chemicals
and wastes is long [14]. Information and communication technologies, including
websites and social media, have contributed significantly to raising public awareness
of these issues and providing a means for stakeholder voices to be heard in settings
that were previously inaccessible.

The word “sustainability” is used in discussions about a healthier world that
enables more positive ways of living. The report Our Common Future, published
by the UN World Commission on Environment and Development in 1987, defined
sustainable development as “development that meets the needs of the present without
compromising the ability of future generations to meet their own needs” ([15], n.p.)
For the business world, the UN report has established sustainability as a keyword for
a variety of standards and expectations that society uses to judge the performance of
companies.

Over time, the concept of sustainability has been socially constructed and re-
constructed through social, political, and economic processes [16, 17]. While the
UN definition and the subsequent “Sustainable Development Goals” (SDGs) are
inspirational objectives, the task of translating them into a business strategy is not
obvious. Since sustainability is a wicked problem, there are no “final end-states” or
“fixed targets” that we can strive for. According to Bagheri and Hjorth, the concept of
sustainability is a “moving target, which is continuously evolving as we understand
more about our socio-environmental system” ([18], p. 84). Thus, the sustainability
challenge represents a classic “wicked problem” (cf. [10, 19]). That is, it has no
definitive formulation. Multiple stakeholders have different values and objectives on
the topic that lead to different views/definitions of the state of the world. Wicked
problems have no “stopping rule.” Consequently, sustainability is dynamic and the
time horizon is indeterminate. Furthermore, every wicked problem is a symptom of
another problem; this refers to the fact that it can usually be traced back to a deeper,
more fundamental problem. Transferred to the sustainability challenge, all issues
relating to sustainability are consequences of the nested and dynamic nature of the
multiple systems involved [20].

Thus, the complexity of sustainability challenges human decision-making capa-
bility. This often leads to managerial prescriptions and recommendations based on
simplifying disciplinary assumptions to reduce the complexity of the challenges that
organizations face. Artificially constraining the problem definition and developing
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strategies for the reduced problem statement has two outcomes. In the short term, a
technological solution may allow temporary mitigation of the problem. For example,
technical advances have significantly improved the fuel efficiencyof internal combus-
tion engines through reducing automotive emissions. However, there is rarely a single
outcome of a technological development. In the automotive case, increased fuel effi-
ciency has actually led to increased car usage due to lower fuel expenses, which is a
negative outcome in the larger environmental picture.

Digital technologies offer the prospect of contributing positively to the efforts of
organizations and society to become more “sustainable.” However, the application
must be moderated by the awareness of possible unintended negative consequences.
Essentially, the success of initial digital transformations in standard business and
organizational applications has led to the belief that this approachmight also be useful
in dealing with sustainability. That is, an exclusive reliance on technology to solve
a problem that is comprised of both technological and non-technological compo-
nents. This limits the effectiveness of both organizational initiatives for learning
and management innovation as well as digital technologies for fostering a more
sustainable society.

2.2 Classifying the Different Levels of Digitalness

Before examining the impact that digital technology might have on enabling a transi-
tion towards a digitized sustainable society, it is important to understand exactly what
“digital” means in digital transformation. Unruh and Kiron [21] proposed a frame-
work (see Fig. 1) to describe the digital evolution. They argue, “two principal forces
are driving digitalization. One is digital technology itself and its associated services
and gadgets. Another is the invisible hand of the market responding to the evolving
wants of consumers” ([21], n.p.) In their framework, they characterize the digital
evolution as consisting of three phases starting with simple digitization followed by
digitalization and leading to a digital transformation. Note that digital transformation
is not an end state, but an ongoing evolutionary innovation process.

Figure 1 illustrates the different levels of “digitalness” (cf. [21]). Given the impact
of digital technologies, new ways of thinking about businesses and relationships will
be needed in order to achieve greater performance.

Fig. 1 Framework for understanding different levels of “digitalness” (own illustration, modified
from [21])
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2.3 The Need for a More Holistic Approach to Digital
Transformation

While business interests are currently the primary driver of digital transformation, the
trendswill expandbeyond theorganizational boundaries. Examples of this include the
“Internet of Things” and cloud computing [22]. Consequently, innovation activities
initiated by business interests will spill over into the larger social world. Business
organizations therefore have a special responsibility to promote the best way for this
disruptive transformation to support sustainability.

Previous research has shown that organizational learning is a critical capability for
an organization’s innovation outcome (cf. [23, 24]). Senge [4] popularized the term
“Learning Organization” with the publication of his book The Fifth Discipline: The
Art and Practice of the Learning Organization. In talking about “Learning Orga-
nizations” he described organizations in which “people continually expand their
capability to create the results they truly desire, where new and expansive patterns
of thinking are nurtured, where collective aspiration is set free, and where people are
continually learning how to learn together” ([4], p. 3).

The literature contrast two fundamental organizational learning processes: (1)
“single-loop learning” (SLL) and (2) “double-loop learning” (DLL). Organizational
SSL is characterized by problem solving within the organization’s “theory in use”
[25] or “dominant logic” [26]. DLL expands the process of detecting and solving
problems by critically reflecting on the existing organizationalmindset. This involves
questioning the values and norms and the underlying belief systems and assumptions.
This can lead to a change in the existing “theory in use” [25, 27] and results in a new
business logic for a company’s theory of success.

When applying digital transformations to developing approaches to sustainability,
SLL consists of introducing incremental changes within a dominant design. The
objective is therefore to improve efficiency through the new digital technology (“Dig-
itization”) and to ensure competitiveness in the existing business ecosystem (“Dig-
italization”). In contrast, DLL involves deeper inquiry and changes in the existing
managerial mindset and consequently the organization system. The goal of DLL is
to promote a mindset towards a learning-orientation with the objective of achieving
a continuous systemic change for sustainability (“Digital Transformation”).

The next section presents an integrated framework describing the linkages
between different levels of “digitalness” and necessary changes in managerial prac-
tice for organizational inquiry. The desired outcome of this is to identify high leverage
system intervention points (cf. [28]) to be able to more effectively guide the orga-
nization and society towards a more “sustainable” world. Currently, most research
is concerned with how digital technologies foster more sustainability or support
the achievement of the SDGs (cf. [29–31]). However, most studies take a technical
perspective on the issue. This tends to neglect the “wicked problem” characteristics
of the sustainability challenge and ignores the fact that digital transformation takes
place in a socio-technical system context.
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3 A Framework Using Digital Transformation
for the Better

This section presents a framework for understanding how digital transformation for
the better requires changes in managerial and organizational mindsets. The objec-
tive is a systemic change at the organizational and ultimately societal level. These
are complex and interconnected nested systems. The key to effecting meaningful
systemic change is to find effective high leverage intervention points in the system
under investigation [28]. Leverage point analysis is the third component of our
proposed methodology to support the transition to a higher level of sustainability.

The first step in this process is the use of digital technologies, which are evolving
in power and sophistication. The second step is the recognition that engaging the
wicked problem of sustainability requires significant changes in mindsets, with the
objective of bringing about meaningful systemic change. The third step, leverage
point analysis, links the power of digital technologies to the need to develop new
paradigms to effectively engage sustainability challenges.

3.1 The Framework for Understanding the Importance
of Fostering Organizational Inquiry

The optimistic hope that digital technologies will be a panacea for the sustainability
challenge is based on society’s belief in and reliance on the efficacy of techno-
logical solutions to problems. Historically, technology has succeeded brilliantly in
many difficult contexts. Nevertheless, the nature of the current situation is far more
complex than anything humans have faced before. Indeed, much of the problem
stems from the fact that the problem context is as much social as it is technical.
Strictly speaking, digital technologies are technical systems—cause and effect are
understood, or at least understandable in principle through experimentation and the
application of scientific methods. A strong and essentially unified theoretical base
supports technology.

The social world is not as “simple”. Chief among the complexities is the pres-
ence of the human agent and all the social and psychological attributes that they
contribute to a society. Characteristics that complicate the work towards a more
sustainable world include multiple stakeholders with differing ideologies, different
goals and capabilities to achieve them, and well-documented cognitive biases in
problem solving (see for example, the work of Tversky and Kahneman, summa-
rized in [32]) and decision-making. However, one of the most striking barriers is the
managerial mindset with respect to engaging with problems. In particular, Western
civilization settles for solving problems [33]. The common approaches to dealing
with sustainability is an example of this mindset to rely primarily on technology
to “fix it”. Digital technologies are just another advanced tool to finally solve the
problem by achieving sustainability.
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Because of the nature of wicked problems, this is not possible. The fundamental
challenge for managers (and society) is to adopt a different mindset, or problem
engagement paradigm, that emphasizes a process-based learning approach. This
recognizes that this problem cannot be solved in the traditional sense. Rather it
requires continuous interaction to improve the situation. It needs to be inspired by
a collective vision of a better world, recognizing that there can be significant differ-
ences as to what that better world might look like. Despite these very difficult issues,
there can be broad agreement on many points of improvement. Business organi-
zations have a slightly simpler task because they are designed to meet a specified
objective in their market. Still, their challenge is also wicked [34] and managers need
to adapt their practices to meet the needs of their place in society as well as their
“license to operate”.

Figure 2 links the different “levels of digitalness” with the need for “a more
holistic approach to digital transformation” in organizations. A key element in this
transformation process is the addition of innovation as the driver that can shape the
technology to support the engagement with sustainability. Innovation is very much
an individual characteristic but it can be supported in an organizational context.
Innovators are seen as problematic disruptors of the organization’s status quo [35]. If
they are identified as threatening then the likelihood that these individuals will leave
the organization increases. A more productive approach to fostering innovators is
that the organization offers a culture of openness, support and encouragement for all
employees to express their visions and ideas to others in the company.

Fig. 2 The framework for understanding the importance of fostering organizational inquiry to
better address the transformation towards a digitalized sustainability society
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Table 1 Leverage points in
order of their increasing
power to change systems
behavior. (Adapted from [28])

Places to intervene in a system

12. Constants, parameters, numbers (such as subsidies, taxes,
standards)

11. The size of buffers and other stabilizing stocks, relative to
their flows

10. The structure of material stocks and flows (such as
transport networks, population age structure)

9. The lengths of delays, relative to the rate of system change

8. The strength of negative feedback loops, relative to the
impacts they are trying to correct against

7. The gain around driving positive feedback loops

6. The structure of information flows (who does and does not
have access to what kinds of information)

5. The rules of the system (such as incentives, punishments,
constraints)

4. The power to add, change, evolve, or self-organize system
structure

3. The goals of the system

2. The mindset or paradigm out of which the system—its
goals, structure, rules, delays, parameters—arises

1. The power to transcend paradigm

3.2 Linking Leverage Points with Different Levels
of Digitalness

Themechanical system of a lever and a fulcrum is a metaphor for a systemic leverage
point. In themechanical system, a properly placed fulcrum enables the human user to
move masses that would usually go beyond the ability of the individual. The fulcrum
can be located in several possible positions with respect to the lever and the mass.
Nevertheless, there is usually one “best” position that the user finds through trial and
error experimentation.

This idea transfers easily to organizational and societal systems. The system is a
mass and the user (manager) wants to find the best position for the fulcrum in order to
obtain a desired change.Meadows [28], in the context of systemic change, identified a
hierarchy of potential leverage points. These identified places that allowmanagers to
most effectively intervene in a system to make the desired changes. Table 1 presents
Meadows’ leverage points. They are listed in order of their increasing power to
change systems behavior. The organization’s level of “digitalness” affects the kind
of leverage that can be supported by the available technologies.

It is important to recognize that low leverage initiatives are relatively easy to
implement but do not generate lasting change. They have the advantage of returning
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Fig. 3 Linkages between different levels of “digitalness” and leverage points

quick results. Higher leverage initiatives are more difficult to identify and imple-
ment but lead to more lasting changes. The problem for managers, both organiza-
tional and societal, is how to harness the power of digital technologies to find higher
leverage points in the system to implement meaningful policies that generate less
unsustainable behavior.

Figure 3 combines the different levels of “digitalness” with Meadows’ leverage
points. The boundaries are relative because the transition from one level to another is
usually gradual. However, higher levels of “digitalness” are correlated with greater
leverage.

In the context of managerial innovation for sustainability, “digitization” and “dig-
italization” are examples of applying single-loop learning to incorporate digital tech-
nology. However, the challenge of digital transformation lies in the tension between
an organization’s current dominant logic and emerging new logic. Addressing the
challenges of digital innovation for sustainability, digitization and digitalization
initiatives are useful but limited and if extended too far, can become counterproduc-
tive. Following Ehrenfeld’s claim that “[r]educing unsustainability is not the same as
creating sustainability” ([8], p. 4), it can be argued that optimizing an unsustainable
system will not improve the health of the overall system, no matter how digital the
existing business system is.

In addition, a new managerial mindset needs to be established that focuses more
on learning and experimentation and not just on problem solving. Tackling wicked
sustainability challengeswith isolated efforts is inadequate. Conventionalmanagerial
models for improvement (pay for performance, rewards and punishments, benefit–
cost relationships, fear as the primary motivator) are insufficient to deal with trans-
formational or “adaptive” changes. Leveraging digital technology can help organi-
zations learn better through supporting collaboration with many stakeholders. Each
stakeholder needs to be involved in an iterative learning and enquiring process.
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The outstanding issue with digital transformation is how to leverage improved
shared understanding of a desired (digital) future and the possibilities to manage its
resulting unintended consequences [36]. Ongoing dialogue, transparency, account-
ability, and a mutual willingness to accept risks are essential if organizations are to
successfully address the sustainability challenge. This implies a dramatic change in
most organizations.

4 Conclusion—Digital Transformation for the Better:
An on-Going Learning-Based Engagement Strategy

The aim of this chapter was to increase awareness of the great potential digital tech-
nology has to address many challenges that face our world. However, accepting the
challenge of sustainability is a wicked problem that requires an approach to engage-
ment that is different from that used to solve technical problems. Perhaps the most
significant aspect of digital transformation for greater sustainability is how manage-
ment can innovate and transform their management practice in order to conduct an
effective dialogue on a better digitally supported sustainable future. A key element
in this transformation process is the addition of innovation as the driver that can
adapt the technology of digitalization to support the engagement with sustainability
challenges.

A characteristic of complex systems is that there is never a single outcome for a
single intervention. Thus, the adoption of a technological “quick fix” for a complex
problem will usually relieves the problem symptom, at least in the shorter term, but
can have several unintended consequences. One of these unintended consequences
is the reduction of the system’s ability to diagnose and develop more fundamental
solutions to the problem. These types of consequences stem from the interconnect-
edness of the system components and their dynamic interactions. We have argued
that organizations can leverage advanced digital technologies to support managerial
learning in addressing a firm’s sustainability challenge. This can lead to innovative
and potentially disruptive changes in organizational behavior and performance.

There are additional side effects from the new ways of thinking exhibited by
organizational managers. These effects can potentially affect the societal system in
ways that also contribute to improved sustainability. The dynamic process logic is that
as the firm successfully leverages digital technologies and transforms accordingly, it
will also achieve positive results. Two desirable consequences may arise. First, other
companies will observe the improved performance and will likewise be inspired
or challenged by their stakeholders to change their behavior similarly. This can
lead to industry-wide (and beyond) improved performances. The second outcome
could be that other societal actors such as governance and institutions might also be
inspired and contribute to changing the societal culture in the direction of increased
sustainability.
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Systems thinking emphasizes that decision makers must be patient. Major system
changes take time but advanced digital tools such as simulationmodeling can provide
the means to identify sources of delays, potential road blocks, and enable more
effective communication with stakeholders.

Current discussions on how digital technology can help achieve the Sustainable
Development Goals (SDGs) are important steps in the right direction. However, they
are not sufficient. A wicked problem cannot be “solved” like a predictable technical
problem. Thus, there is a strong need for an on-going, learning-based engagement
strategy that leverages digital technology-enabled insights from advanced simu-
lation and scenario building with organizational learning and innovation through
experimentation and adaptive management.

More research is clearly needed. The possibilities offered by predictive analytics
and big data can be used to draw attention to the consequences of decisions, both
intended and unintended, in a dynamic and complex world. This can help over-
come unrealistic beliefs about digital transformation and sustainability. Additionally,
understanding how to integrate emergent technologies such as virtual and augmented
reality with strategic thinking and learning to improve the state of the world is
essential. These technologies can support conversations for thought experiments and
scenario thinking that deepen the learning and understanding of a desired sustain-
able future. This technology-mediated form of learning affords the opportunity to
experience the results that are separated in space and time from actions. This virtual
world allows experimentingwith decision-making and eliminates the risks of serious,
unintended consequences.

Beyond solely technical improvements and digital innovations, building an
innovation-friendly culture within business ecosystems seems to be most benefi-
cial. These organizational development trends demand new strategies and abilities,
as well as leadership mindsets, to engage with stakeholders to co-create innovations
for sustainability.

The information technology sector faces a challenge in the effort to improve
sustainability. By leveraging digital transformation for sustainability, both manage-
ment and the IT sector must re-conceptualize digitization and digitalization as a
means to an end, not as an end in itself. Digital technologies are tools that have
tremendous potential to support individual companies and society as a whole as
they continue to develop in ways that leverage human innovation and creativity for
development while respecting environmental limits.
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Visualization of Patterns for Hybrid
Learning and Reasoning with Human
Involvement

Hans Friedrich Witschel , Charuta Pande , Andreas Martin ,
Emanuele Laurenzi , and Knut Hinkelmann

Abstract “Boxology” is the graphical representation of patterns that are commonly
observed in hybrid learning and reasoning systems. Since some hybrid systems also
involve humans-in-the-loop, a need to identify patterns including humans is foreseen.
With the help of use cases that involve humans-in-the-loop, this chapter provides a
discussion on the typical roles performed by humans in hybrid systems and how they
influence machine learning and/or knowledge engineering activities. As a result, it
introduces a new element in boxology to represent a human and identify two abstract
patterns for such human-in-the-loop scenarios.

Keywords Machine learning · Knowledge engineering · Knowledge
representation · Boxology · Hybrid intelligence

1 Introduction

Artificial intelligence with its different methods has a long tradition and is now
celebrating a veritable revival, mainly triggered by advances in the area of machine
learning. Currently, the machine learning method of AI is regarded as the panacea of
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digitalization. Significant advancements in learning algorithms, access to computing
power and the availability of vast amounts of labeled data as the basis for training
have recently resulted in impressive applications and have significantly reduced the
learning effort [2].

However, learning algorithms also have weaknesses that are being addressed by
combining machine learning with knowledge engineering or representation methods
[6]. Some approaches additionally involve humans. This chapter provides a discus-
sion of two contributions [12, 17] that we made to the AAAI1 Spring Symposium
on Combining Machine Learning with Knowledge Engineering,2 with the goal of
finding certain commonalities in the interaction between humans, machine learn-
ing and knowledge engineering methods. This is done with the help of the recently
developed “Boxology of Design Patterns for Hybrid Learning and Reasoning Sys-
tems” [6], which provides an abstraction mechanism for all approaches that combine
machine learningwith knowledge engineering (andwhich henceforthwill be referred
to simply as “the boxology”).

As pointed out in the future work section of [6], there is a need to extend the
boxology such that it can also describe systems with a human in the loop. As this is a
common themeof our symposiumcontributions, they are used to derive a correspond-
ing boxology extension. Describing our approaches with the extended boxology will
make it possible to reflect on the commonalities and possible general design patterns
of such human-in-the-loop approaches. Although the boxology approach has already
been validated by its application to a large number of research papers in [6], it does not
cover the approaches involving humans [12, 17] involve human feedback or reason-
ing within the process of a machine learning-knowledge engineering combination.
For instance, a machinemight learn something and output it in a human-interpretable
form and a human expert may use it to improve a knowledge representation that is
then used for deductive inferencing. This is not foreseen by the boxology approach
in its current form.

Therefore this chapter takes a closer look at how the boxology could be applied
to the two approaches mentioned above and where it fails to capture the human
involvement. We then go on to propose an extension to the boxology, aiming to also
describe these missing aspects via the introduction of a new box type for humans. By
describing our contributions with the extended boxology, we attempt to anticipate
some general patterns of how humans-in-the-loop can be used to improve machine
learning-knowledge engineering combinations.

As a detailed discussion of all of our symposium contributions is beyond
the scope of this chapter, the following sections shortly summarize the
boxology and then elaborate on how it was applied to two of the symposium
contributions [12, 17].

1Association for Advancement of Artificial Intelligence.
2https://www.aaai-make.info.

https://www.aaai-make.info
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Fig. 1 “Classical” patterns of input and output of a KR and ML system, respectively, as described
in [6]

2 Summary of the Boxology Approach

The boxology [6] is a graphical representation of the abstraction of how to combine
machine learning (ML) and knowledge representation3 (KR). The abstraction is
done via a set of design patterns that are expressed as combinations of very few basic
elements.

The elements are divided into twocategories,which are basedon twodifferent pos-
sibilities of categorizing work inML and KR, namely task-based and representation-
based distinctions:

• Task-based distinction: tasks can be either induction, i.e. deriving a generalization
from specific observations or deduction, i.e. inferring specific conclusions from a
generalizedmodel. SinceML tends to be inductive andKRdeductive, the boxology
introduces ovals with the captions ML and KR to refer to inductive and deductive
algorithmic components.

• Representation-based distinction: the boxology classifies the input or output of the
algorithmic components into ones represented as (human-interpretable) symbols
or models vs. ones represented as model-free data e.g. in the form of numerical
variables or function parameters. Symbolic inputs/outputs are referred to with
boxes labeled “sym” whereas the model-free representations correspond to boxes
labeled “data”.

Figure1 shows the “classical” input-output behavior of KR and ML systems—
where KR infers symbolic output from symbolic input using a human-engineered
model and ML induces an often subsymbolic model from data. Here, a subsymbolic
model usually applies a statistical learning technique and is representedbyan artificial
neural network.

The more interesting patterns described in [6] are those in which ML approaches
learn on symbolic inputs (e.g. “graph completion”, i.e. the (inductive) prediction of
new connections in a knowledge graph) or produce a symbolic output learned from
model-free input data (e.g. decision tree learning). Patterns can also easily become
more complex, as shown in Fig. 2. In [6], this pattern is described as “learning an
intermediate abstraction for learning”.

3From now on “representation” instead of “engineering” is used because this is the terminology
used by [6].
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Fig. 2 A more complex pattern from [6]

Fig. 3 Another complex pattern from [6]

The pattern in Fig. 2 shows that combination of KR and ML can simply consist in
using a symbolic representation at some stage of an ML process. But of course it is
also possible to combine induction and deduction tasks as shown in Fig. 3—described
as “meta-reasoning for control” in [6]. That pattern is used when a symbolic reasoner
controls the learning process of a learning agent—one can think of e.g. rules that
control how long the agent needs to learn something.

3 Human-in-the-Loop Patterns

The human-in-the-loop hybrid systems consist of all three components—ML, KR
andhumans. Since the boxologydoes not have a graphical representation for a human,
we introduce a new “Human” box. The following sections provide a brief overview of
the two approaches in [12, 17] and use the new “Human” component to illustrate the
approaches with an extended boxology and to identify common human-in-the-loop
patterns.

3.1 Learning Similarity Functions

The first approach is the application of machine learning and knowledge represen-
tation to the problem of designing useful similarity functions, e.g. for case-based
reasoning (CBR), as described in [17]. In short, the idea of this approach is to apply
human knowledge to design the basic function and use machine learning to learn
subsymbolic components of this function, such as weights. In CBR, humans are usu-
ally the ones who design a function and the idea of learning weights is already quite
old [15].

What is new is the involvement of similarity function designers after the initial
similarity function has been put into practice. As suggested in the CBR cycle by
Aamodt and Plaza [1], case-based reasoning starts with a retrieval phase where,
given an input or query case, the system searches a case base of historical cases
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for cases that are similar to the query. As pointed out in [3], there are different
forms of knowledge involved in CBR—this first step involves mainly similarity
knowledge, which is now the focus. CBR similarity functions are often composed of
local similarity measures—which measure similarity only for one case attribute—
and which in turn are combined into a global similarity measure, usually via a
weighted sum [16].

Thus, the initial design of a global similarity function involves (a) specifying the
attributes of cases that will be needed to assess similarity, (b) defining local similarity
measures for these attributes and (c) specifying the weights for their combination.
As pointed out in [15, 17], humans are usually not very good at this latter task.

Thus, the approach in [17] foresees that humans will not only be involved in
setting up the initial function, but also in adapting the function later:

• By giving feedback on similarities computed with the initial similarity measure.
For instance, a human may choose (implicitly or explicitly) to exclude a retrieved
case that they consider dissimilar from the query case or, as in [15], correct the
similarity-induced ranking of retrieved cases as a “similarity teacher”.

• By inspecting examples of failed differentiation that occurred during the usage
of the function: it could happen that two cases with nearly identical values of
current attributes—hence exhibiting a high similarity according to the currently
used similarity function—are judged dissimilar by a user. This may indicate that
the currently used attributes are not sufficient to differentiate between these cases.
A human could thus identify new attributes/local similarity measures to extend the
similarity function.

Figure 4 gives an overview of how these inputs will be used: feedback helps to
machine-learn new weights while the identification of failed differentiation will lead
the human expert to re-design the general design of the global similarity function.

This example shows two different forms of human involvement: on the one hand,
providing feedback on similarities of concrete cases requires only domain knowl-
edge and can be performed by any user of a CBR system. The result of the human
involvement can be seen as data with no internal symbolic structure.

Fig. 4 An overview of the suggested approach for similarity metric engineering
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Fig. 5 The new boxology element for humans-in-the-loop

On the other hand, re-designing the global similarity function requires both
domain knowledge and engineering/mathematical skills and results in a new sym-
bolic representation of the domain knowledge. This indicates that humans, like the
two algorithmic components of the boxology, can generate both symbolic and sub-
symbolic output.

While later—if necessary—one could choose to differentiate various roles of
humans in a learning process, we propose to maintain simplicity and just add a
“Human” box to the boxology in a first step, as shown in Fig. 5.

With this element, the approach described in [17] can be modelled as depicted in
Fig. 6. Note that, for a better readability of the figure, an explanation has been added
to each box (which would not normally be displayed if we simply draw boxology
patterns).

Fig. 6 An extended boxology representation of the approach for similarity metric engineering

Which interesting and possibly repeating patterns does this picture contain? The
upper part is merely a description of the retrieval phase in CBR—which is a simple
example of inference, i.e. applying a function to data. The lower part is more inter-
esting and contains two patterns, which some other human-in-the-loop approaches
may also have:
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1. The pattern (Human)-[data]-(ML)-[sym]4 describes, when considered in its
abstract form, feedback-based learning, where human-provided feedback serves
as the basis for machine learning algorithms that learn e.g. better functions.

2. Looking at the pattern (Human)-[data]-(Human)-[sym]-(KR)-[data] from a more
abstract angle reveals another commonpattern: humans are supported in analyzing
data,with the aim to engineer better knowledge representations. This pattern could
be called “data-based knowledge engineering”.

This example shows that both machines and humans can sometimes learn from
the same inputs (here: human feedback on computational results), but with different
output, corresponding to their complementary strengths.

Another interesting insight is the fact that “Human” boxes do not necessarily need
to have an input. This is not directly visible in Fig. 6 since both “Human” boxes have
an input.However, if one considers the initialization of the system, onewill remember
that the initial formulation of the similarity function is done by the human without
any input. In amore abstract sense, this reflects situations where humans use intuition
and/or experience (which have been implicitly trained on data) to create outputs. We
claim, however, that KR/ML combinations with a human-in-the-loop should have a
feedback link (as shown in Fig. 6) that explicitly reflects human learning (otherwise,
it could be regarded as part of classical knowledge engineering).

3.2 Learning Process Patterns from Process Models

A sound business process model relies on correctly representing the underlying
domain and adhering to the correct process modeling conventions. This involves col-
laboration between two expert roles—the domain experts and the modeling experts.
The problemhighlighted in [12] is that the domain andmodeling expertise ismutually
exclusive in most cases.

To solve this problem, Laurenzi et al. [12] propose to capture the domain expertise
through domain-specific business processes and represent themodels in an ontology-
based repository. The ontology-based representation serves to provide machine-
interpretability to themodels, which enables reasoning (e.g. integrity and plausibility
check) and forms the basis for the design of recommendation systems like in [11].
The overall approach is divided into four phases as depicted in Fig. 7.

The first phase includes the engineering of a first set of domain-specific semantic
process model patterns. In this phase, various sources such as books, simulators,
process mining tools as well as observations and interviews with domain experts are
taken into account.What cannot be engineered, however, is the tacit knowledge in the
domain experts’ minds. Therefore, the approach foresees a learning approach, which
relies on an extension of an ontology-based case-based reasoning (OBCBR) [5].

4While explaining the boxology patterns, we use the textual notations (ML), (KR) and (Human) to
represent the knowledge processing components of the boxology and [data], [sym] to represent the
input/output components.
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Fig. 7 An overview of the phases involved in learning a process pattern

Phase two is similar to the approach proposed in [17]—the initial similarity model
is engineered and weights are learned.

The feedback-learning approach is, however, different (phase 3). Whereas the
approach in [17] allows the human to intervene directly in the similarities (e.g. by
extending the similarity function with new attributes), the work in [12] foresees
human intervention only on the content of the retrieved process pattern. For this, the
authors propose a reinforcement learning approach. Modeling experts give a reward
or penalty (i.e., positive/negative signal) for how well fragments of the retrieved pro-
cess patterns match to the process being designed. In the case of a Euclidean metric
(i.e. linear weighting) used for determining similarity, a positive feedback would
increase weights whereas a negative feedback would decrease them. As a result,
weights are altered to improve future matching operations. The long-run intention
for using reinforcement learning is to reduce the modeling expert’s effort in inter-
viewing domain experts about the matching patterns. Although not ontology-based,
the validity of extending CBR with reinforcement learning has been shown already
in [13].

Still in phase 3, in order to keeppatterns up-to-date over time the approach includes
the revision of the retrieved patterns. This is done by applying (delete, insert and
update) operations on classes, relations and properties that form a semantic pattern.
Revision activities could include adding new tasks, re-naming the label of a gateway
or removing specific tasks. An example of a revision is the replacement of manual
tasks with service tasks for a higher level of automation. This type of activity refers
to the “revise” step in the CBR cycle [1].

Next, phase 4 aims to increase the number of process patterns over time, the user
can decide on retaining a new process model as a process pattern. By doing so,
the authors in [12] aim to ensure the controlled increase of good domain-specific
semantic process patterns. In this sense the semantic repository learns new semantic
patterns. This step refers to the last CBR cycle phase “retention”.

With the help of the newly introduced element (Human), the approach in [12]
can be represented as illustrated in Fig. 8. This boxology consists of the following
patterns:

1. The pattern (Human)-[data]-(ML)-[sym] serves the feedback-based learning,
which foresees the CBR extension with the reinforcement learning. Similar to
the pattern described in the previous section, the human-provided feedback is
re-incorporated into machine learning to learn weights.

2. The pattern (Human)-[sym]-(Human)-[sym]-(KR)-[sym] serves as another
abstraction of “data-based knowledge engineering” where the feedback provided
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Fig. 8 A boxology representation of the approach for learning a process pattern

by a human supports another human to accurately capture the domain, further
strengthening the knowledge engineering efforts. In this particular use case, the
modelling expert is enabled to (1) give feedback (i.e. revise) on the retrieved
pattern and (2) decide whether the a process model can be retained as a new
pattern.

3.3 Library for Human-in-the-Loop Patterns

From the discussion of the two boxologies, one can identify some commonali-
ties about how humans influence machine learning and knowledge representation.
The role of the human actor in human-in-the-loop patterns can be viewed from
two perspectives: (a) feedback-provider: where the human is usually an expert
e.g. expert in business domain, process modeling, knowledge engineering and (b)
feedback-consumer: where the feedback provided by another human expert supports
and enhances the task being performed e.g. an analytical task or in general, any
knowledge-intensive task.

Based on this observation, we introduce the following abstract patterns involving
human-in-the-loop.

Feedback-Based Learning Pattern

This pattern is the generalization of scenarios where the feedback from a human
actor, typically an expert, is fed back to a machine learning algorithm to incorporate
the human judgment and improve the learning. These scenarios may be categorized
as machine teaching [14] where human “teachers” train, build and improve machine
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Fig. 9 Feedback-based learning pattern

Fig. 10 Data-based knowledge engineering pattern

learning models. Because of its cyclic nature, it represents a special case of incre-
mental learning [9]. The graphical representation of this pattern is shown in Fig. 9.
Depending on the use case, it is possible to have other versions of this abstraction
where [data] and [sym] are interchanged.

Data-Based Knowledge Engineering Pattern

The data-based knowledge engineering pattern represents the scenarios where feed-
back from the human experts is used by another human to support a knowledge-
intensive task which in turn results in improved knowledge engineering. The graphi-
cal representation for this pattern is depicted in Fig. 10. Similar to the feedback-based
learning pattern, the [data] and [sym] used as the input/output of the (Human) can
be interchanged depending on the use case, but, the output of (KR) would typically
be [sym].

One can observe from the boxologies in Figs. 6 and 8 that the corresponding
systems consist of all three knowledge processing components, namely, (ML), (KR),
and (Human). These are the examples of a typical “hybrid intelligence” system, as
described in [4]. However, it is not necessary that the human-in-the-loop patterns
contain all three knowledge processing components, as the patterns we abstracted
can be considered atomic with either a (ML) component together with a (Human) or
a (KR) component together with a (Human) (see patterns in Figs. 9 and 10). Thus,
we can deduce that the involvement of (Human) in a hybrid intelligence system
leads to an enhanced (ML) or (KR) component. This deduction is aligned with the
observation in [4], where the role of humans usually is to undertake sense-making,
training or reasoning.

The feedback-based learning pattern can also be observed in our work [8] where
(ML) learns from the preferences of the user and provideswhiskey recommendations.
The boxology for this use case can be envisioned as a slightly modified “explainable
learning systems through inspection” including humans (pattern 8 in [6]) where the
explanations are the recommendations and the input to both (ML) and (KR) are the
user (Human) preferences.
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The role of humans in our otherworks [7, 10] also involve verification and training,
however not exactly in the form of the patterns identified above. For instance, in [7],
the accuracy of the fake news classifier would be validated by humans. Jüngling and
Hofer [10] discuss a collaborative approach between (Human), (ML) and (KR)where
tasks are distributed among these components and the output of each component is
then verified and aggregated by another human into a richer solution.

4 Conclusions

In this chapter, two approaches to combining Machine Learning and Knowledge
Engineering through graphical representation in a boxology were discussed. The
current library of abstract patterns on hybrid systems combining ML and KR lack
patterns that involve humans. Through this discussion, we identified two abstract
patterns that can often be present in most systems that include humans-in-the-loop.
In these systems, the human agent either performs the role of a feedback-provider or a
feedback-consumer. Both roles contribute towards enhancement of machine learning
and/or knowledge representation.

As a future work, we plan to confirm the general applicability of these human-in-
the-loop patterns by analyzing more use cases and possibly identify new patterns.
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Modeling the Instructional Design
of a Language Training for Professional
Purposes, Using Augmented Reality

Terry Inglese and Safak Korkut

Abstract This chapter presents the instructional designof a language-trainingmodel
for professional and vocational purposes on behalf of the Swiss railway industry,
specifically designed for German-speaking train drivers and train operators, who
work for the Schweizerische Südostbahn (SOB). In fact, around 50 train drivers
and train operators need to learn Italian and be able to communicate clearly and
confidently in this language by 2021. Thanks to the opening of the Gotthard Base
Tunnel in 2016, some Swiss railway companies are expanding their business port-
folios also in the Italian speaking region of Switzerland. Augmented Reality (AR),
specifically the Blippar app, is used here as an additional and motivating guide to
learning technical terms and nouns, verbs, and dialogue structures, in short: essential
railway communication features between train drivers and train operators. The final
goal of the chapter is to describe how railway professional trainees, learning a new
language, are actively designing their own language learning contents, using AR.

Keywords Augmented reality (AR) · Situation awareness (SA) ·Multimedia
learning theory · DART co-creation model · Bloom’s learning objectives
taxonomy · Language training for professional purposes

1 Introduction

For some Swiss railway companies, the opening of the Gotthard Base Tunnel in 2016
was an opportunity to expand their own business portfolios, also reaching the Swiss
Italian-speaking destinations (from Airolo to Bellinzona). A great business oppor-
tunity indeed, but also a new challenge, because German-speaking train drivers and
train operators (also defined as dispatchers) must be able to communicate confidently
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also in the Italian language. For these railways companies, this means investing in
their employees’ linguistic training and offering a specifically designed language
training curriculum for professional purposes for numerous German-speaking train
drivers and train operators, who in addition to their already dense training programs,
are obliged to learn a new language accordingly.

The authors of this chapter developed a didactical model, involving the use of
AR (Augmented Reality), which actively includes the trainees, so that they become
motivated participants also in the design of the instructional contents to be learned.
The training is designed specifically for German-speaking railway professionals who
work for the Schweizerische Südostbahn (SOB). In fact, around 50 SOB train drivers
and train operators are required to learn Italian and be able to communicate clearly
and confidently in this language by 2021.

First, the chapter briefly describes the SOB training case study, together with
the learning needs of the train drivers and train operators. Second, the instructional
design model, consisting of the DART (an acronym for Dialogue, Access, Risk,
Transparency) co-creation model, the Mayer’s Multimedia Learning Theory, the
Situation Awareness (SA) construct and the Bloom’s Learning Objectives Taxonomy
will be explained. Third, as currently being in a test-phase, a concrete AR training
sequence, designed by the train drivers themselves, will be described and specified.
The limitations of the case study will also be highlighted.

2 The SOB Case Study

Driving a train is a complex task, especially in Switzerland, because on a normal
working day, a train driver travels through the different Swiss language regions. In
addition, train drivers and train operators are confrontedwith several special trainings
and examinations during their career, such as regular assessments and tests to update
their knowledge and the skills of their workflow and train management, as important
professional goals in a continually changing environment. The railway drivers and
operators must also update their emergency procedures, including firefighting, evac-
uation methods, and communication for safety emergencies. These cognitive tasks
need to be communicated clearly and competently, and inmultiple languages. In addi-
tion, with the introduction of rapidly changing communication and control systems
with increasingly complex procedures, train drivers and train operators are equally
forced to cope with high skill requirements with little autonomy [1, 2]. Moreover,
recent studies [3–8] show that the lack of personal contact between train operators and
train drivers is perceived as a negative condition. Furthermore, such circumstances
might become the potential cause of miscommunications and/or misunderstandings,
due to a lack of mutual understanding and the lack of a (mandatory) read-back
of protocol-requiring commands, guaranteeing safety procedures, not only in the
context of aviation [9], but also in rail transport. As a matter of fact, according
to recent studies in professional language training in aviation [9], key features of
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effective communication depend correspondingly on assumed expertise and profes-
sional behaviors.When it falls short of expectations, communication is expanded and
prolonged to fill these gaps. Nevertheless, these specific communication aspects are
not adequately taken into account in language training for professional purposesin
the Swiss railway sector [3–5, 8, 10].

In addition, recent work in applied linguistics for professional purposes [9] under-
lines the importance of redesigning the constructs of language for specific purposes
(LSP).As amatter of fact, ensuring that the correct communication unfolds in railway
safety contexts is a compelling didactic and instructional topic, which needs to be
designed, taught and learnt in professional language-training curricula. Therefore,
language instructors are invited to work together with professional railway experts
[9] to plan meaningful and work-based training curricula, actively involving in the
design of instructional learning sequences and materials also—and this aspect repre-
sents the added value of the present case study—the learners themselves, such as in
the SOB case study.

An exploratory analysis conducted by the authors of the chapter reported some
gaps in the current didactic offer of these specific language training curricula, and
the following research question was formulated: How should a new didactic model
be developed and implemented to meet the specific communication needs of train
drivers and train operators, also taking into account the potential lack of motivation
to learn a new language for these adult learners who might see the training as an
additional hardship? Railway employees could be less committed to the language
training, because they might prioritize their professional assessments and technical
examinations over learning a new language. Therefore, the motivation to complete
a new language training could be lower than expected.

2.1 Many Languages, Sufficient Language Skills,
but at Which Language Level?

The Swiss Federal Office of Transport (FOT) determines which binding language
regions correspond to the responsible operation centers [10]. In fact, the so-defined
Fahrdienstvorschriften (FDV—the Swiss Federal Office of Transport’s Driving
Regulations) state that: “There are procedures in place to ensure that (especially
with regard to the management of dangerous goods) the infrastructure manager can
easily and promptly notify the competent person who is proficiently skilled and has
sufficient language skills.” [10]. This means that train drivers, travelling between
Lausanne’s and Pollegio’s operation centers, must have the “necessary language
skills” in French, German, and Italian to cross these diverse Swiss linguistic regions.
An essential question that arises could be: Which level corresponds to the necessary
language skill? In fact, between 1989 and 1996, the Common European Framework
of Reference for Languages (CEF or CEFR) standardized the new language skills
to six levels (A1, A2, B1, B2, C1, and C2). Level A1 refers to the basic ability
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to communicate and exchange information in a simple way, and A2 is the ability to
deal with simple, straightforward information and begin to express oneself in familiar
contexts. B1 is the ability to express oneself in a limited way in familiar situations
and to deal in a general way with non-routine information and B2 is the capacity to
achieve most goals and express oneself on a number of topics. Finally, C1 and C2
denote the fluent conversation level.More specifically, the required language skill for
train drivers and train operators, specified in the EU (European Union) regulations,
is level B2.

Within the Swiss railway operations, the responsible infrastructure managers
(ISB) are the ones who regulate the use of languages for operational communi-
cation and process purposes. It is the responsibility of the railway companies them-
selves to determine the language skill levels of train drivers who cross the multi-
lingual geographical areas. While the Swiss infrastructure managers (ISB) regu-
late the linguistic interfaces in their operating regulations, the railway companies
are responsible for providing the so-called sufficient language training to their own
professional personnel. Nevertheless, it is not yet clear in the Swiss railway network
which language level could correspond to the “sufficient language skills”, so that in
the event of possible accidents there could be uncertainty due to miscommunication
[3–5, 8].

2.2 The SOB Language Learning Framework
and Andragogy

TheSOB (the SchweizerischeSüdostbahn) currently offers intensive Italian language
training (level A1-A2) for train drivers and train operators who are required to be
able to communicate in Italian in early 2021. As part of this training, the language
instructor, in collaboration with the trainees themselves, will design part of the
instructional content actively using AR technologies to provide trainees with various
modalities for stimulating the learning experience and improving themastery of rele-
vant safety-based dialogic structures in the Italian language. The implications for the
design of a solid language-training program are at the heart of SOB: learning should
be based on a real diagnosis of the adult learners’ needs, based on competencies and
skills embedded in realistic work-based scenarios.

The final goal for the SOB train drivers and train operators will be reaching
the ability to speak Italian clearly and confidently, especially when confronted with
unexpected situations, where reaction time and fast decision-making are requested.
Consequently, and based on preparation and research carried out by the authors of
this chapter, it is essential to develop a language training curriculum for professional
purposes, based on the following three pillars: (a) defining the specific phraseologies
for the most relevant routine situations, safety issues, and emergency communica-
tion with special attention to the avoidance of misunderstandings; (b) focusing on
a quasi-realistic training environment that mirrors genuine work-related scenarios
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and events; (c) designing specific training modules, according to the requirements
defined by the authorities and the railway companies to allow effortless and proficient
communication in the language training. The authors of this chapter base the three
communication pillars in adult learning andragogy principles.

Houle [11] was one of the first scholar who started for the first time a stream of
studies putting adult learners in the focus of educational and psychological research,
understanding their motivation to continue learning. He found out that “continuing
learners” were: (a) goal-oriented, using education to accomplish their objectives; (b)
activity-oriented, finding meaning in learning something new and were finally (c)
learning-oriented, seeking knowledge for its own sake. Furthermore, Knowles [12]
proposed a profile of an adult learner and defined andragogy as “the art and science
of helping adults learn, in contrast to pedagogy as the art and science of teaching
children” [12] (p. 4344; [13]). He summarized four assumptions in andragogy: first,
the concept of the adult learner, whomoves from dependency toward increasing self-
directedness, but at different rates and in different moments in their lives; therefore,
instructors have the responsibility to encourage the self-directed drive, although
adult learners may be dependent in particular situations. The second assumption is
the role of the learners’ experiences. As adult learners grow, they develop a precious
reservoir of work and life experiences, which can become part of the resources for
designing the learning contents, both for themselves and for other adult learners.
In addition, these learners can attach more meaning to learning gained from past
and present everyday work-based experiences. The third assumption is the readiness
to learn: adult learners are willing to learn something new, if they can project and
implement new learning in real tasks and problems that need to be solved. Finally,
the forth assumption is the orientation to learning: adult learners consider education
and learning opportunities to develop improved skills, and they want to apply their
new skills immediately in their professional life. The focus of the training should be
on competence-oriented development and on performance-based development.

Basedon thepersonal conversation and informal data of the six current participants
in this case study (the average age is 55), for the SOB train drivers and train operators,
learning a new language could be a stressful experience due to the additional pressure
theymight feel. Tomeet this challenge, a newway tomotivate these trainees has been
instructionally designed, with the goal to understand how Augmented Reality (AR)
could promote learning and motivation. A specific instructional model was designed
and will be described in the next section.

3 The Instructional Model Explained

For the SOB railway professionals, starting from an A1 level, the following four-
layered instructionalmodel was conceptualized, taking into account: (a) the Situation
Awareness (SA) [14], (b) the Mayer’s Multimedia Learning Theory [15–19], (c) the
DART—Dialogue, Access, Risk, Transparency—Co-Creation model [20–23] and
finally (d) the Bloom’s taxonomy’s six learning objectives [24–27].
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Fig. 1 Instructional model on designing the language training for professional purposes (own
illustration of the authors)

The Situation Awareness (SA) model [14] is relevant, because it is designed for
complex and dynamic systems, such as the railway sector, where decisions often
have to be made under time pressure and based on environmental events that could
occur unexpectedly. Therefore, the cognitive comprehension of the situation and
the way in which train drivers need to react to future driving situations are essential
preconditions for the development of the instructionalmodel. In addition, theMayer’s
Multimedia Learning Theory [15–19] was selected on the basis of strong scientific
evidence-based principles in the design of instruction sequences using multimedia.
Furthermore, taking into account the six learning objectives of Bloom’s taxonomy
[24–27] was a guarantee that all the layers of the learning processes and objectives
would be included. Finally, the DART co-creation model [20–23] is an approach
to actively involve professional learners in the design of the instructional content
through a bottom-up teaching and learning method.

In Fig. 1, the authors of the chapter graphically summarize the four-layered model
in an illustration. In the next section, each layer of the instructional model is first
described and later explained by a concrete example.

3.1 The Situation Awareness Model

Situation Awareness (SA) is defined as the awareness of what is happening in and
around the environment, along with the understanding of how users use this infor-
mation. The concept of SA is commonly applied in complex and dynamic operative
situations, such as air traffic control, military training or surgery training. In such
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cases, the ability to process the information plays a key role in raising awareness,
perceiving and comprehending the situation, and making the right decision. Endsley
[14] (p. 14) refers to SA in three levels where each level is built on the previous level:

1. Perception of elements in the current situation
2. Comprehension of the current situation
3. Projection of future status.

The first level is perception, related to operators perceiving the incoming informa-
tion.Thismeans that the necessary information is available and attention is focusedon
the important information. Without the right information, operators have no chance
to understand and control a system. The second level is comprehension, i.e. the
ability to understand the perceived information, interpret the information on one’s
goals and to remember the relevant parts of the information. The third level is projec-
tion, consequently when the important information is perceived and understood, it
is possible to understand the dynamics of a system, project and anticipate future
decision-making in order to influence and control the state of a system. After having
described the three levels of SA, Endsley’s model [28] connects SA to decisions,
which will lead to the performance of action. These three steps are also influenced
by task and environmental factors, such as workload, stressors, system design, and
complexity, as well as individual factors such as goals, preconceptions, knowledge,
experience, training, and abilities (Fig. 2).

The SA concept started to develop fully at the end of the 1980s, especially in
the field of aviation, safe control, safety training and investigations ofaircraft acci-
dents, and not surprisingly with the increase of automation in flight control [29]

Fig. 2 Endsley’s model of situation awareness in dynamic decision-making systems [28] (p. 35)
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(p. 190). Endsley [28] defined it for dynamic systems because SA plays a critical
role in decision making, especially in complex and dynamic systems, followed by
the execution of actions. “A person’s SA is restricted to limited attention andworking
memory capacity… long-term memory stores, most likely in the form of schemata
and mental models, can largely circumvent these limits by providing for the integra-
tion and comprehensionof information and the projection of future events (the highest
levels of SA), even on the basis of incomplete information and under uncertainty. SA
is largely affected by a person’s goals and expectations, which will influence how
attention is directed, how information is perceived, and how it is interpreted. This
top-down processing will operate in tandem with bottom-up processing in which
salient cues will activate appropriate goals and models” [28] (p. 49).

Endsley [30] studied the phenomenon of human error and SA. According to
her findings, 88% of human errors were found to be due to problems with Situa-
tion Awareness, because the situation the persons were in was misinterpreted. For
Endsley, the best way to support human performance is to develop high levels of
Situation Awareness. Moreover, Kaber and Endsley [31] defined that SA can be
applied to contexts where there are multiple goals that must be pursued by oper-
ators simultaneously, such as multiple tasks that have different relevance to goals
competing for the operators attention; operator performance under time stress, and
negative consequences associated with poor performance (p. 190).

Problems occur when there are failures to detect critical cues about the state of
the system, failures to interpret the meaning of perceived information, failures to
understand individual task responsibilities and the responsibilities of the others, and
errors in communication with other operators in the team and with other teams.
In fact, this is defined as the loss of Situation Awareness. Moreover, Endsley [14]
summarized that first SA “is goal-oriented…the elements of the environment that
people need to be aware of are based on the goals associated with that job. A goal-
directed task analysis […] provide[s] the basis for understanding how SA maps to
goals and for creating goal-driven designs.” (p. 49) Second, SA directly supports
the cognitive processes of the operator, processes which will be represented by the
system interfaces and are based on a high level of SA. For the third and final aspect,
the user must have control over the expected and unexpected environments’ SA
through user-centered design. Consequently, user-centred learning scenarios for the
SOB trainees need to promote the development of language skills, which should be
applied consciously and continously, as SA Endsley’s approach suggests [14].

3.2 The Mayer’s Multimedia Learning Theory

The Mayer’s multimedia learning theory and his principles on how to design multi-
media instruction [15–19] is based on cognitive theories about how people learn.
The theory is based on the dual coding theory [32, 33], the working memory model
[34], and the cognitive load theory [35, 36]. Mayer defined the twelve principles in
the design of multimedia instructional content. His theory represents a benefit also
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in designing Augmented Reality applications for learning purposes [17]. The twelve
principles are summarized in Table 1.

It is crucial to apply Mayer’s science of instruction when designing instruc-
tional content, which needs to be in line with cognitive psychology and the learning
processes. These principles guide the language instructor, as well as the trainees, in
the planning and the production of the multimedia AR training contents, defined by
the authors as AR vignettes, which will be explained later.

Table 1 Table summarizing the Mayer’s 12 multimedia principles [15–19]

Principle How it works

1. The Coherence Principle when extraneous words, pictures, and sounds are
excluded rather than included subjects learn better

2. The Signaling Principle when cues that highlight the organization of the
material to be learned are added subjects learn better

3. The Redundancy Principle subjects learn better from graphics and narration, rather
than from graphics, narration and on-screen text

4. The Spatial Contiguity Principle when corresponding words and pictures are presented
close to each other rather than far away on the page or
screen, subjects learn better

5. The Temporal Contiguity Principle subjects learn better when corresponding words and
pictures are presented simultaneously and not
sequentially

6. The Segmenting Principle subjects learn better when a multimedia lesson is
presented in user-paced segments rather than as a
continuous unit

7. The Pre-Training Principle subjects learn better from a multimedia lesson when
they know the names and characteristics of the main
concepts

8. The Modality Principle subjects learn better from graphics and narrations than
from animation and on-screen text

9. The Multimedia Principle subjects learn better from words and pictures than from
only words

10. The Personalization Principle subjects learn better when in multimedia presentations
words are presented in conversational style rather than
formal style

11. The Voice Principle subjects learn better when the narrative in multimedia
lessons is spoken in a friendly human voice instead of a
machine voice

12. The Image Principle subjects do not necessarily learn better from a
multimedia lesson when the speaker’s image is added
to the screen
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3.3 The DART Model

According to Prahalad and Ramaswamy [20], the customer should be actively
involved in the creation processes in order to create real added value in services
and/or products. Additionally, the consumer-to-business-to-consumer co-creation
model (C2B2C) will help companies unlock competitive advantages, and employees
can also establish this competitive advantage. The employees’ engagement is as
important as the customers’ and both are considered to be co-creators of the final
product or service by offering a major improvement to companies seeking advan-
tages in overly saturatedmarkets. The term co-creation signifies [37] a “joint creation
of value by the learner and the instructional designers team; it allows the learner to
co-construct the learning experience to suit his/her context and learning needs; joint
problem definition and problem-solving; creating a learning experience and environ-
ment inwhich learners can have an active dialogue and co-construct personalized and
different learning experiences, through the continuous dialogue and co-constructing
personalized learning experiences and innovating the learning environments for new
co-creation experiences.” (p. 8) (see also [20–23]).

Prahalad and Ramaswamy suggest the DART model (an acronym for Dialogue,
Access, Risk, Transparency) with its four co-creation building blocks. Dialogue
implies interactivity, deep engagement, ability and willingness to act between
learners and instructors; Access and Transparency relate to information in teaching
and learning processes, and the Risk assessment is a clear assessment by the learners
and instructors of the benefits of the risks when learners are the decision-makers of
their own learning [37] (p. 9). The DART model is the framework, which aims to
bring together learners and instructors as designers of training models, involving the
learners’ bottom-up design and the use of new technologies such as AR. Recently,
Dollinger, Lodge, andCoates [21] adapted the co-creationmodel for higher education
purposes. They summarized co-creation as a combination of co-production (knowl-
edge sharing, equity, and interaction) and value-in-use (experience, personalization,
and relationship). In thisway, co-creationmight promote results in innovation, knowl-
edge and relation [21] (p. 224), a framework worth adapting when designing and
co-designing an instructional model for teaching and learning a new language for
professional purposes with adult learners such as train drivers and train operators.

3.4 The Bloom’s Learning Objective Taxonomy

The Bloom’s six learning objectives taxonomy [24–27] is a classic construct in
designing instructional activities. It implies six cognitive processes: 1. remem-
bering; 2. understanding; 3. applying; 4. analyzing; 5. evaluating/synthesizing and 6.
creating. The first two are considered the lower cognitive processes and the last four
are considered the higher cognitive processes. In terms of learning a new language,
remembering and understanding technical terms and verbs are two basic cognitive
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processes, which set the foundations for applying the linguistic elements for e.g.,
creating small dialogues. With the higher cognitive processes of analyzing and eval-
uating/synthesizing the learners must make use of what they have learned and be
able to adapt it to new communication scenarios. The last higher cognitive process,
creating, reflects the ability to generate something new byapplying the previous five
cognitive processes, and designing a more complex dialogue.

The aim of the SOB case study is to create learning conditions under which
train drivers and train operators are able to competently and safely create their own
learning content, such as dialogues onwork-based situations by using specific railway
terminologies and verbs through dialogues. To achieve this goal, the SOB case study
also entails the use of Augmented Reality (AR) by designing a series of so-called
AR vignettes.

4 Augmented Reality Technology

AR technology uses a device to bring digital holographic information to the users’
real environment, i.e. a head-mount display, such as Microsoft Hololens or a modern
smartphone, such as iPhone X. The projection of virtual elements to the real environ-
ment enhances user perception and opens up new possibilities to interact with these
elements between virtuality and reality, and in real-time [38]. The most broadly
accepted definition of AR comes from Azuma et al. [39] and specifies AR as a
system that “supplements the real world with virtual (computer-generated) objects
that appear to coexist in the same space as the real world”.

Today’s AR technology is resourceful to overlay text, image, audio, video, and
three-dimensional elements in the real environment. It is able to anchor these elements
to real objects so thatwhen theusermoves in the real space the virtual elements remain
in the anchored position. This provides flexibility to observe digital artifacts from
multiple angles. The virtual information is integrated into the users’ environmentwith
few or no glitches. AR provides the ability to consolidate and visualize information
for users so that they can bemore productive, more effective, ormake better decisions
[40]. The ability to overlay digital information in the immediate environment makes
AR an ideal tool to provide information in unknown or unexpected situations. The
technology has a positive impact on how users work with digital information on an
additional layer and how they access data [40]. This provides a door to immersive
learning experiences with the use of AR technology. Moreover, modern education
scenarios considermultimediamaterial indispensable for effective learning outcomes
[41]. The advantage of physical objects, however, is that they can be touched and
allow natural interaction [42], which is not possible with digital objects. As the
printed book is still very important for language learning, AR offers the potential to
overlay additional useful information [43].

In the field of education, where most research evidence for book augmentation is
found, the combination of a printed book and AR shows great learning potential. The
instructive added value of using digital data on books can be further developed to
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overcome the analogue limitation of space, and to ensure the topicality of information
in printed books. There are several examples in education that use AR solutions in
combination with printed books. Studies have shown that AR has the potential to
digitally enhance books in the field of education, to achieve better interaction or
learning effects [42, 44, 45].

However, one of the major drawbacks of AR technology is the novelty effect [46].
Researchers have addressed this tendency when most of the users try it for the first
time [47]. The novelty effect leads to improved performancewith the interest in using
new technology.As the interest in the new technology decreases, the user engagement
might not be as high as it was at the beginning because users have become familiar
with the technology [48–50]. Therefore, the AR implementation strategy should
take this tendency into account and balance the workload and the commitment to
designing the own AR learning content, through a bottom-up approach which is
explained in the next section with a concrete instructional example.

5 An Augmented Reality Vignette Example

The SOB railway professionals will be actively engaged in designing their own
AR learning vignettes. The authors of the chapter call a short instructional AR
sequence a vignette, using an app called Blippar. In fact, Blippar (www.blippar.
com) is a Software as a Service (SaaS) company founded in 2011 that specializes
in mobile AR and provides a platform for enhancing images with AR without prior
programming knowledge with the aim to gradually standardize AR formats. The
SOB learners will use the Blippar app together with the multimedia learning theory
to help shape their own instructional content, by selecting and designing their own
learning materials based on their rich and diversified work experience. In collabora-
tion with the language instructor who will apply the DART model, the SOB learners
select work-based Situation Awareness scenarios (SA) and design their own set of
learning materials.

Train drivers and train operators need to be ready to react to numerous unexpected
situations (in reference to SA) and be able to communicate in a foreign language
with confidence and clarity. Sixteen common SA-related situations while driving a
train were identified. These will be visually designed and represented using the AR
learning vignettes. The sixteen situations include: 1. calling and starting a conver-
sation; 2. avoiding misunderstandings; 3. communicating shunting movement; 4.
communicating being “ready to drive”; 5. standing and waiting in front of a signal;
6. communicating a signal fault or defect; 7. communicating a brake failure or defect;
8. being ready to write the technical forms; 9. reporting irregularities; 10. commu-
nicating a locomotive defect; 11. being able to communicate an alarm ZKE (train
control device); 12. communicating in case of accidents; 13. what to do in case of
release of dangerous substances; 14. communicating clear announcements; 15. spot-
ting events on the platform; and finally 16. communicating emergency calls. Each
of these situations is outlined by the perception of the Situation Awareness (SA), by

http://www.blippar.com
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Fig. 3 Photo taken by a train driver

the comprehension of it, by the projection in making the right decision and finally
in communicating in a clearly and securly in Italian.

Based on the Bloom’s taxonomy [24–27], the instructional design of the AR
vignettes is applied in a class of six SOB train drivers. All six trainees have anA1 level
(beginners). The training is designed also to reach an A2 level, specially designed
for mastering technical terms, verbs, and being able to communicate through short
but clear dialogues, where safety expressions are a requirement.

The training involves class participation during 12 lessons of two hours each,
together with an additional three hours of self-study. At the end of the 12 lessons, the
trainees will perform a one-hour language exam within a simulator. Their language
performance will be voice-recorded and analyzed, according to the following criteria
of pronunciation, structure, vocabulary, fluency, comprehension, and interactions [9].
Additionally, reaction time and decision-making will also be examined.

When creating the AR vignettes, each trainee selects a relevant situation and the
visual representation of thier own work environment which corresponds to an SA-
related task, and provides self-made photos. For example, Fig. 3 represents a derailed
train. This is a picture taken by a train driver. Using the DART model, the instructor
adapts the instructional contents dialoguingwith the trainees. The instructor is given
Access to new instructional content, according to the professional background of
the learners, opening up to the Risk of using new instructional content and finding
meaningful ways (Transparency) to create the instructional contents and the learning
sequences together with the learners.

Each learner then annotates technical terms and specific verbs in Italian on a
transparent sheet over the photos, which they previously produced (Fig. 4).

Figure 4 shows how technical terms, such as il segnale di rallentamento, la loco-
motiva, la linea di contatto, il pilone, la gru (the deceleration signal, the locomotive,
the contact line, the pylon, the crane) are annotated in the picture by the train driver
trainee.
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Fig. 4 Photo taken by a train driver, enhanced by specific terms chosen by the train driver,
implemented in the AR vignette, using the Blippar app

In a second step, the instructor allows the trainees to read these words out-loud to
an audio-recording the correct pronunciation. These audio files will be part of the AR
vignette. Using the Blippar mobile AR, the instructor will combine words and verbs
with audio files to create the multimodal AR vignettes ready to be shared in class and
at work. In a further step, the trainees will use the same photos to create complete
sentences and embed them in short and structured dialogues, first in a written format
and in a second step as audio files. Through this co-created and co-learned approach,
the number of words, verbs, and dialogues is multiplied by the number of trainees
and by the number of AR-learning vignettes produced thatreach a proportional size
that cannot otherwise be achieved in traditional language-learning scenarios.

Through these instructional design processes, all six Bloom’s learning objectives
will be experienced using AR: trainees remember and understand new words and
verbs; they apply these through reading, writing, pronouncing, and designing their
own collection of AR vignettes. They analyze new work-based situations in which
they evaluate the use of learned words, verbs, and sentence structure, and finally
create new dialogues.

The instructor ensures that the Mayer’s multimedia learning principles [17] are
applied: theMultimedia Principle: subjects learn better fromwords and pictures than
from words, followed by the Coherence Principle: subjects will learn better when
extraneous words, pictures, and sounds are excluded rather than included. In this
case, learners use only their specific technical words and verbs and create specific
dialogues based on selected Situation Awareness events. Additionally, the Signaling
Principle will guide the instructional design: when they add cues (visual and audio)
to the essential material to be learned, subjects learn better. In fact, this is related to
the Redundancy Principle and the Modality Principle, because subjects learn better
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from graphics and narration. The Spatial and Temporal Contiguity Principles will
also promote learning, becausewhen correspondingwords and pictures are presented
near to each other and simultaneously, rather than far away from each other on the
screen, the subjects learn better. The Segmenting Principle: the subjects learn better
when a multimedia lesson is presented in user-paced segments, rather than as a
continuous unit. The Pre-Training Principle states that subjects learn better from a
multimedia lesson if they know the names and characteristics of the main concepts.
The Personalization Principle will also be taken into account because words are
presented in conversational style rather than in formal style. In this process, the
VoicePrinciplewill sustain learning, because if the narrative is spokenwith a friendly
human voice and not with a machine voice, the subjects learn better.

6 Conclusion

In this chapter, the SOB case study was first described, together with the training
needs of the train drivers and train operators. Secondly, the four-layered instructional
design model, composed of the Situation Awareness (SA) construct, the Mayer’s
Multimedia Learning Theory, the DART co-creation model, and finally the Bloom’s
Learning Objectives Taxonomy, was explained. Thirdly, as they are currently in
a test-phase, the authors described a concrete AR training sequence, which they
defined asAR-learning vignette, designed by an SOB train driver. In fact, with today’s
AR technology, overlaying information on photos that enhances the information to
be learned, (in this case technical terms and nouns, verbs and dialogues created
by the learner) is effortlessly created on individual mobile devices. Moreover, AR
technology has the capability to add motivation to the learning experience, because
adult learners become active instructional designers of their own learning content.
A follow-up project could consider adding a Virtual Reality (VR) component to the
training, which is currently in the brainstorming phase.

One relevant limitation is that no official data sets have yet been gathered, as the
instructional model and the teaching is currently in a test-phase. The AR-learning
vignettes are still in the process of being produced and tested. Nevertheless, one
lesson learned which could be shared is that the six train drivers are actively engaged
and very motivated in the co-creation of their own learning AR vignettes. In informal
exchanges, all trainees strongly advocated a curriculum tailored to their learning
needs and based on real work-based scenarios and the use of responsive technologies.

A follow-uppublication is foreseen containing the quantitative andqualitative data
and the results of the official language performance of an oral exam conducted in a
simulator. The current instructional model is not limited to learning a new language
for professional purposes. Consequently, the authors suggest testing the AR-learning
vignettes embedded in the four-layer instructional model in similar teaching-learning
professional scenarios.
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Frictionless Commerce and Seamless
Payment

Michael H. Quade

Abstract Improving the user experience and optimizing conversion—these chal-
lenges have been at the top of e-commerce managers’ task lists for years. In order to
improve the customer experience when shopping online, time-consuming and repet-
itive entries must be reduced or even eliminated before the purchase is completed.
For example, the less data the customer must enter during the check-out process,
the faster the purchase can be completed. If customers use smartphones for online
shopping, cumbersome data entry can quickly lead to termination. Not only should
the purchase be completed quickly and smoothly, it should also be secure and legally
binding for the parties involved. The concepts “frictionless commerce” and “seam-
less payment” support this. Based on the differences from conventional concepts,
this chapter explains the two concepts and illustrates under which aspects they can
be used together. In addition, practical examples will show how these concepts are
already being applied.

Keywords E-Commerce · Frictionless commerce · Check-out · Seamless
payment ·Mobile apps

1 Introduction

The term “frictionless commerce” was first used in 2000 by Brynjolfsson and Smith
[1]. At that time, the term referred primarily to the transparency of supply and prices
on the market resulting from the emergence of e-commerce. It was observed that
e-commerce makes the market more “frictionless”, that the search effort for
consumers e.g. in stores has been reduced by the electronic availability of infor-
mation, regardless of time and place. Today, frictionless commerce also means inte-
grating digital purchasing processes as easily and seamlessly as possible into the
everyday life and the natural environment of consumers [2]. The goal of frictionless
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commerce, also known as “contextual commerce” [3], is that each customer can
buy a product or service with as few clicks or other steps as possible, whenever and
wherever they want. A purchase process can be described as completely frictionless
if a consumer only has to express the will that they want to have a particular product
or want to use a certain service. The purchase process is executed immediately and
only completed by the expression of will.

In order to be able to place an order with only one interaction such as a click,
a customer must conclude a master agreement with the supplier. The master agree-
ment regulates everything that needs to be specified during a normal check-out. This
includes the delivery address, the method of delivery, and the payment modalities.
The customer must provide a credit card, bank account, or other means of payment
that may be charged by the supplier. In particular, the customer must agree that their
means of payment may be charged by the supplier without any further action on their
part. The master agreement could be a hurdle for frictionless commerce and has the
effect that the procedure is not advantageous for one-off or rarely repeated purchase
transactions.

However, some companies have already implemented the concept of completely
frictionless commerce. Very early on, Amazon opted for frictionless commerce with
its 1-Click ordering concept, when it was still primarily a bookseller [4]. Amazon
customers could register for 1-Click quickly and easily. Amazon also patented the
invention of the “one click” in September 1999 [5]. One of the largest licensees
became Apple, which used the concept for its iTunes Store [6]. Amazon’s patent
expired in September 2017 after 18 years, and other vendors can now freely use the
concept. Similar one-click-purchase buttons now exist on different platforms, even
on sites that are not online shops e.g. the Action Button on Instagram or Pinterest [7].

Frictionless commerce and seamless payment differ from conventional concepts
in several aspects. The aim of this chapter is to present these aspects in a structured
way and to illustrate them with examples.

The chapter is structured as follows: After a brief introduction to frictionless
commerce beyond the web browser, this article will focus on seamless payment,
a concept to further improve frictionless commerce. After clarifying the terms
and aspects, several current examples will be presented and discussed. The exam-
ples focus mainly on the use of frictionless commerce and seamless payment with
smartphones. The chapter ends with the conclusion.

2 Frictionless Commerce Beyond the Web Browser

Amazon also transferred the concept of 1-Click to physical order buttons: the “Dash
Button” [8]. The aim of the physical buttons is to trigger an order process outside an
online shop, but to transmit the order to an online shop without friction. Brack.ch, a
Swiss online retailer offers a similar physical button: the “Brack.ch Button” [9]. The
physical buttons of Amazon and Brack.ch function mostly the same. While the Dash
button already contains an article from the Amazon range, the Brack.ch Button can
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contain up to four articles, which are ordered automatically when the corresponding
button is pressed.

Amazon often automatically charges the credit card that is storedwith theAmazon
account; with Brack.ch, payment is currently only possible with the payment slip
included in the invoice. Amazon’s frictionless commerce concept therefore goes
beyond that of Brack.ch. Payment at Amazon is seamlessly integrated and without
customer interaction during order processing. At Brack.ch, the money transfer with
the payment slip is an additional step. Customers must enter the payment slip in
their e-banking or submit it to their financial institution. It will probably take some
time before the physical order buttons are established as a common concept in
e-commerce and are offered by other retailers. The legal situation in Europe regarding
these physical buttons is not yet fully clarified and there are some legal questions to
answer [10]. The main problem with the currently existing physical order buttons is
that customers only find out afterwards at what price they have bought a product.

The implementation of frictionless commerce with mobile apps can also be
counted as “beyond the web browser”. Frictionless commerce has been implemented
on smartphoneswith apps such as “Google Play” or “AppleAppStore”,wheremobile
apps can be purchased with few touches. The concept is also frequently used in the
area of transport services [11]. Some examples will be provided later in this chapter.

The frictionless commerce concept can be applied even more extensively than
with a physical order button or a mobile app. Yet, this can only be done with massive
technical effort, which remains practically invisible to the customer. An example
for such an implementation is Amazon Go [12]. It is the first self-service brick and
mortar shop in the retail trade without a cash register. Amazon Go is a mixture of off-
and online trading. The customers must identify themselves with their smartphone
and the Amazon Go App to enter the shop. In the shop, they can take what they want
to buy from the shelves. Customers can simply complete the purchase by leaving the
shop with the goods. The concept behind Amazon Go will be further explained later
in this chapter.

3 Frictionless Commerce Versus Conventional Commerce

The frictionless commerce approach is suitable for purchases of all products and
services. Especially the regularly repeated demand for a product or service favors
the use of frictionless commerce—e.g. if customers already know the price of a
product or service from previous purchase transactions. From the customer’s point
of view, providing or confirming payment information is an additional effort that
hinders a quick purchase. If the price of the product or service is relatively low,
customers are more likely to accept automated purchasing processes. This is mainly
due to the lower risk of loss of the customer.

Table 1 shows a comparison between purchase situations that are still more
suited to conventional purchasing methods and those that are suitable for frictionless
commerce and thus for seamless payment.
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Table 1 Purchase situations with suitability for conventional purchasing procedures and for
frictionless commerce

Purchase situations primarily suitable for
conventional purchasing procedures

Purchase situations suitable for frictionless
commerce

Single or seldom repeated purchase of
goods or services

Regular or more frequently repeated purchases.
(public transport ticket, car sharing, convenience
food etc.)

Any purchase amounts Low purchase amounts

More stationary purchase process More mobile purchase process

More related to physical products More related to services

Manual purchasing processes Fully or partially automated purchasing processes

Depending on the purchase situation or type of product or service, frictionless
commerce is a sensible option. Frictionless commerce is less useful for single or less
frequent purchase transactions, because, as mentioned in the introduction, the hurdle
of the master agreement exists. Customers are not necessarily willing to complete
a master agreement in case of a one-time purchase. A frequent buyer, on the other
hand, benefits because of fewer steps in the check-out.

Frictionless commerce is also suitable in conjunction with mobile purchase situ-
ations where the rather limited input and output interface of a smartphone must be
used to complete a purchase. With frictionless commerce, there is no need for the
buyer to enter extensive information on the small screens.

When a mobile app is used for frictionless commerce, additional aspects can be
considered tomake a purchasemore convenient for the customer: For example, useful
additional information about the product or service, ratings from other customers
nearby, and special offers for the next purchase such as vouchers or collecting points
in customer loyalty programs [13, 14].

Frictionless commerce is easier to implement with services than with physical
products. A service can be presented digitally, e.g. a ticket displayed on the screen of
the smartphone. In the examples later in this chapter, frictionless commerce solutions
therefore predominate for services. The examples with physical products show the
immense effort required to securely record purchases.

If an entire purchasing process is to be fully automated, the beginning and end of
the process must also be automated. The purchase intention of the customer must be
automatically detected, and the customer must also be identified in an appropriate
way. Persons can be identified via biometric features for payment [15, 16]. These
can be recorded via cameras, e.g. when entering and leaving a shop, and compared
with the data of the registered customers. Purchasing processes based on biometrics
have been discussed and tested for years, but currently such systems are mainly used
for the detection of unwanted persons such as shoplifters [17, 18]. Alternatively,
identification can also be made based on a personal device such as a smartphone.
For identification purposes, the smartphone exchanges a small amount of data at an
entrance point, e.g. via a QR code or NFC transmission [19, 20].
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4 Seamless Payment

The seamless payment concept differs from the conventional payment concept.
Conventional payment offers more flexibility in the choice of means of payment and
control over the steps in processing than seamless payment. Conventional payment
requires more interaction and presence in the process, whereas seamless payment
primarily represents a simplification of the entire payment procedure. The simplifi-
cation allows the customer to complete a purchase procedure with fewer steps and
thus faster, but with less flexibility.

Fewer steps also mean fewer hurdles to completion and more convenience for
customers. Therefore, the benefit of seamless payment for customers lies primarily in
simpler and faster payment processes. On the seller’s side, the benefit is an increase in
the attractiveness of their offering through low-threshold handling as well as a lower
bounce rate for customers in the check-out process. A comparison of the different
aspects of conventional payment and seamless payment is shown in Table 2.

Based on these considerations, the following definition forms the basis for further
explanations of the seamless payment concept: Seamless payment is a payment that
is automatically triggered by the provider and integrated into a purchase process.
With every purchase of goods or services, a purchase contract is concluded. The
declaration of intent can be made by an activity of the buyers themselves or by
a personal identification feature, e.g. a personal device. Payment of the goods or

Table 2 Differences in the payment process between conventional payment methods and seamless
payment

Conventional payment Seamless payment

Separate payment sequentially separated from
product selection or service purchase

Payment directly linked to the purchase
decision for a product or service purchase

Manual triggering of the payment by the buyer Automatic triggering of the payment by the
provider

In the purchase process, the payment method is
selected by the customer

In the purchase process, the stored payment
method is automatically proposed and selected

Payment requires presence at the point of sale
or the check-out of the online shop

Payment requires no presence at the point of
sale or the check-out of the online shop

Confirmation of each individual payment with
PIN, password, or biometric sensors
(fingerprint, etc.)

No confirmation of a single payment

Spontaneous payment possible (with necessity
of recording a means of payment)

Spontaneous payment not possible (due to the
master agreement, including regulation of
procedures for user identification and payment
processing)

Detailed payment information is displayed
before execution

Detailed payment information is not
necessarily displayed before the payment is
executed

Recurring credit check by the supplier One-time credit check by the supplier
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services is made without any interaction of the buyer. The prerequisite for this is
that seamless payment has been agreed upon between buyer and seller in a master
agreement. Themaster agreement includes the deposit of personal data, in particular
the means of payment.

For seamless payment, customers must specify a valid means of payment at least
once. As a rule, this is done during the registration process for the use of regular and
recurring simplified purchasing processes for products and services. The supplier
must ensure with appropriate terms and conditions that they have the rights to charge
the means of payment specified by the customer.

Customers can be informed about the amount of the upcoming payment, but their
intervention in the process is not possible. In the event of complaints, customers can
only submit them to the supplier after payment has been made.

The supplier determines the time at which the means of payment is debited.
This can be before, during, or after the receipt of the service. For example, when
purchasing tickets for public transport with the app “TNW Tickets” of the company
Baselland Transport BLT [21], the means of payment is charged before the journey.
In the app, the desired ticket must be “purchased” in the same way as at a vending
machine. For the FAIRTIQ [22] or Lezzgo apps for public transport [23], the ticket
must be “checked-in” at the beginning of the journey and “checked-out” at the end.
The ticket price will be calculated retrospectively based on all journeys made in one
day and debited the following day via the deposited means of payment.

5 Implementations of Frictionless Commerce

In the following, a few current implementations of frictionless commerce and seam-
less payment are described to illustrate the concepts. As argued here, frictionless
commerce is more suitable for use in mobile situations and for services. The imple-
mentations come from the public transport, taxi industry, and retail sectors. All
presented implementations of the concepts are based on the use of a mobile app with
a smartphone.

5.1 FAIRTIQ

FAIRTIQ marks the beginning of a new era of public transport use in Switzerland
[22]. Previously, a ticket for the planned journeyhad to be purchased before departure.
Within tariff networks, a zone ticket is required, and at national level, a ticket is issued
for the destination. Tickets for public transport journeys can now be purchased via the
FAIRTIQ mobile app. The destination does not have to be set before the beginning
of the journey and the price of the ticket is not predetermined. The ticket will be
invoiced retrospectively based on the actual distance travelled.
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When the mobile app is opened for the first time, a short video introduction is
offered to explain the app. In the next step, the app requires access to location data
and mobile communications. Once granted, customers can register in three steps:
The mobile number, a means of payment and, in accordance with the regulations of
the Swiss Public Transport Association for tickets purchased online, name and date
of birth must be recorded. The name is only a security element to prevent fraud by
unauthorized copying of a ticket. In addition, customers can indicate whether they
have a “half-fare” card or a tariff network card. These are automatically taken into
account when ticket prices are calculated.

The journey can now be started by simply dragging the slider in the app. With this
check-in, the nearest public transport stop is automatically saved as the starting point
of the journey (Fig. 1 left side). During the journey, the digital ticket can be displayed
in the app and presented during checks (Fig. 1 right side). At the destination, the slider
in the app is retracted again. This check-out ends the journey and saves the nearest
public transport stop as the destination. A provisional price is displayed after the end
of the transport is accepted by the app. The ticket price remains provisional until the
end of the day: the system is designed so that it always calculates the cheapest ticket
price for a day. If a customermakes several trips during the daywith FAIRTIQ, which
exceed the price of a day ticket in the sum of the individual prices, the customer will
be charged the price of a day ticket. During the trip or if the customers are checked-in,
the app continuously transmits the location data to FAIRTIQ. The back-end system
continuously analyzes this data. If a customer forgets to check-out after disembarking
from the means of transport, the system sends a message via app that the end of the

Fig. 1 Left side: start screen with advertisement and slider, right side: ticket screen
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journey has now been recognized and that the customer should check-out. If the
customer does not check-out manually within an hour, this is done automatically.
In order to improve the recognition of the different situations of the customers, the
received data are analyzed with machine learning algorithms.

The FAIRTIQ system massively simplifies the use of public transport. The
customer no longer has to deal with the tariff zones and borders of the transport
associations in Switzerland. FAIRTIQ is a relief, especially if the traveler does not
know the local public transport system. All Swiss tariffs are stored in the back-end
system, and the cheapest ticket is always calculated automatically. The possibili-
ties of the system have not yet been exhausted. FAIRTIQ is currently designed for
one day. In principle, however, it is also conceivable to extend it to one month or
one year. Depending on how much a customer is traveling, a monthly subscription
or a general subscription will be billed. Trips can also be billed using vouchers or
promotion codes. For example, an advertising organization can offer a discount to
a specific location and back with a specially designed voucher, or it can cover the
expenses in full, e.g. in connection with an event. In the same way, companies could
cover travel expenses between several locations for their employees and eliminate
the need for costly expense reports. In future, it should be possible to replace the still
explicit check-in and check-out procedures with automated recording of boarding
and disembarking.

5.2 go!—Taxi Is so Easy

The mobile app “go!—Taxi is so easy.” from yourmile AG is also located in the
transport sector [24]. With the mobile app go!, taxi rides can be booked and paid.
The vehicles of the Zurich-based taxi company 7 × 7 associated with yourmile and
numerous other associated taxi enterprises aremediated throughout Switzerland. The
app is the official industry solution of TaxiSuisse, the professional group of the taxi
industry within the Swiss Commercial Vehicle Association ASTAG. The integration
of the companies is carried out either via an interface to the customary dispatching
systems of the taxi centers or, for the drivers of smaller taxi companies, via the app
“go! Driver”.

After the mobile app is opened for the first time, the customer is asked to create
a profile with name, address, mobile number, e-mail address, and password, and to
register by confirming the general terms and conditions. In the next step, one or more
means of payment can be entered. This step can also be skipped and postponed until
the first booking is completed.

A ride can be booked in three steps (Fig. 2): In the first step, the destination is
entered or selected on a map. The app suggests the current location as the starting
point, which can be changed. In the second step, the class of the means of transport
and the taxi company are chosen. A special feature of go! is that a fixed price is always
displayed and calculated based on the measured distance and the stored tariffs of the
selected class and taxi company. The displayed price is billed after the trip, even if
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Fig. 2 Left side: start screen with booking steps, right side: destination selection screen

detours had to bemade or the trip took longer. Finally, the bookingmust be confirmed.
Once the taxi company has accepted and confirmed the booking, the passenger is
informed of themake andmodel, as well as the license plate number of the vehicle via
the app. In addition, the passenger sees how long it will take for the driver to arrive.
During the journey, the passenger is offered the opportunity to tip the driver via the
app. As soon as the driver confirms the end of the journey, the deposited means of
payment is debited. The passenger can now rate the trip via the app as positive or
negative. In the case of a negative rating, the customer can enter a comment.

By depositing severalmeans of payment, go! allows to distinguish between private
and business trips. The app can also be loaded with voucher codes. For example, a
company can take over taxi rides for its guests.

5.3 Amazon Go

With “Amazon Go”, Amazon enters the world of supermarkets and introduces a
frictionless commerce solution in a stationary store [12]. The concept, which has
been available to the public in a pilot store in Seattle since January 2018, has great
potential for transformation in the distribution of consumer goods and for stationary
retail. Amazon Go is a store mainly for convenience products.

Amazon Go is also a solution, which combines a stationary shop with an online
shop. This is shown in several ways: Customers can find out about the product
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range, available promotions, and prices in the mobile app or directly in the store. If
customers take something from the shelf in the store and place it in their physical
shopping basket, the item is also placed in their virtual shopping basket in the app.
When customers leave the store, a check-out is automatically carried out and the
purchase process is completed with the debiting of the deposited payment method.

The store can only be entered if the Amazon Go app is installed and configured
on the customer’s smartphone. The setup is usually quick because it is based on an
ordinary Amazon account. After logging in with an existing account, the customer is
asked to confirm the payment method they have deposited with Amazon, or to enter
a new one. After the registration is completed, an Aztec code appears in the app
(Fig. 3). With this code, the customer can open the barrier to the store and enter. It
is also possible to have several people enter the store with one code. Everything that
these persons take from the shelf in the store is then assigned to the virtual shopping
cart corresponding to the account behind the Aztec code.

The registration of a product, which is taken from the shelf or returned, is made
with hundreds of cameras on the ceiling and the shelves of the store. The cameras
capture every movement in the store from every angle, several times over. Every
article that is taken and placed in the basket or own pocket is immediately captured
and displayed in the app. Theft is therefore practically impossible. The articles are
not specially marked. These are the same product packaging and labels as in other
stores. The customer leaves the store again via the barrier, which is automatically
registered as a check-out and the app indicates that the purchase was completed.

Fig. 3 Left side: start screen with Aztec code, right side: featured offers of a specific store
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Approximately 15 min later, the app also displays the receipt for the purchase, and
Amazon debits the selected means of payment.

Amazon developed and tested the solution for five years before it was released to
the customers. The underlying technology is based on machine learning and is the
same as for Amazon Echo with the Alexa assistance system, which is controlled via
voice [25]. Unlike Amazon Echo, Amazon Go processes image data. The system can
track individuals through the store without capturing biometric information such as
facial features.

For customers, Amazon Go can be regarded as complete frictionless commerce.
The additional action of a buyer, which is explicitly necessary for the billing, is only
the check-in with the Aztec code at the barrier. Amazon Go, however, is not the only
project for testing a cashless business. In the summer of 2017, Alibaba opened a
Tao Cafe in the Chinese city of Hangzhou [26], which includes a café and a cashless
supermarket. There, customers are biometrically recorded via facial recognition. The
Tao Café also uses optical sensors to detect purchases. Further technical details are
unknown.

6 Conclusion

In this chapter, the aspects of frictionless commerce and seamless payment were
examined and the differences to conventional concepts pointed out. The new concepts
should not only make online shopping easier, but also safer. However, the individual
differences with conventional purchasing and payment concepts must be taken into
account by the provider. Customers must be able to rely on the provider not to
use the authorization assigned to them, such as automatically triggering an order or
automatically debiting a credit card. A balance must be found between convenience
and safety.

Frictionless commerce and seamless payment solutions are based on technolo-
gies that were not available ten years ago. Further developments are therefore to be
expected. In the examples, customers have control over the triggering of a purchase
transaction. They must either identify themselves with an app (Amazon GO) or start
the purchase process with an explicit function in the app (FAIRTIQ and go!). Future
solutions could automate these activities. The triggering occurs solely through the
data measured by sensors in smartphones, such as location, speed, and direction, and
the comparison with data from e.g. a bus in public transport.

Future studies could shed light on data protection aspects and these new concepts.
To what extent are customers willing to have data captured automatically, and
where are there limits? Regarding the procedures and amounts used, this chapter
assumes that customers agree to the use of seamless payment, especially for repeated
purchases and rather low amounts. It remains to be seen whether these assumptions
will be confirmed in the future and whether frictionless commerce and seamless
payment will become widely accepted.
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Direct to Consumer (D2C) E-Commerce:
Goals and Strategies of Brand
Manufacturers

Uwe Leimstoll and Ralf Wölfle

Abstract Contrary to expectations expressed in the 1990s, e-commerce has so far
led to relatively little disintermediation. Even large and well-known brands continue
to generate the majority of their sales through traditional distribution channels.
However, many end customers expect to be able to buy directly from the brand.
In addition, structural changes in the value chain have made it necessary to present
the brand on the Internet in a brand-specific manner. Depending on the structure
of their online activities, however, brand manufacturers are competing with their
traditional indirect distribution channels, which remain important for them. This
raises the question of which e-commerce strategies brands can use to meet the needs
of end customers without harming their distribution partners. To answer this ques-
tion, qualitative expert interviews were conducted with e-commerce managers of
market-shaping Swiss companies. The results confirm that the importance of brand
engagement in communication and interaction with end customers is increasing. For
the implementation of online direct sales, three strategies have emerged that avoid or
at least minimize conflicts with traditional sales partners: a pure online direct sales
strategy, a multi-touch-point strategy, and a platform strategy. The multi-touch-point
strategy can in turn be designed in four different variations.

Keywords Online direct sales · Direct-to-consumer e-commerce · Direct
distribution channels · Disintermediation · Intermediary functions

1 Introduction

Brand manufacturers (also brand suppliers or just brands) have not actively pushed
online direct sales for many years. Depending on the industry, they are more or
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less careful in selling directly to consumers (D2C). Consequently, the degree of
disintermediation is still rather low in contrast to considerationsmade at the beginning
of the e-commerce era [1]. The reasons for the cautious attitude towards online
direct sales are manifold. One of the main reasons is that even manufacturers of
famous brands strongly depend on their traditional trading partners because in many
industries the vast majority of sales are still generated via traditional distribution
chains and channels consisting of intermediaries such as general agents, importers,
wholesalers, retailers, and others. Because of the significance of these partners, many
brand manufacturers avoid creating conflicts, which typically occur when they build
up their own direct distribution channels and thus become a competitor of their
partners [2]. Other possible reasons for the reserved attitude of brand manufacturers
towardsD2Cmight bemissing know-howandpreconditions for realizing direct sales.
As Sarkar et al. [3] pointed out, intermediaries fulfill specific functions, which partly
must be taken over by the brands themselves when they sell directly to consumers.

On the other hand, brandmanufacturers have several good reasons and even needs
to invest in direct sales channels [4]. Consumers do not only expect an informative
website with an engaging online presentation of brand products by the manufacturer.
Above all, they do not understand if the brand’swebsite does not offer the opportunity
to purchase the articles online. Particularly within industries, which are affected by
product piracy, customers strive to reduce the risk of purchasing fake products by
ordering directly from the brandmanufacturer’s flagship or online store.Additionally,
for consumers identifying with the brand, shopping directly from the brand is part
of their brand experience.

From the point of view of brand manufacturers, complete control over distri-
bution and prices often builds the motivation to invest in direct sales channels.
These investments could also be driven by the reduction of distribution costs by
bypassing the intermediaries, the increase of market coverage, the provision of
a brand-specific market presence, or the direct relationship between supplier and
customer [5]. The latter enables the realization of services that are better tailored to
customer requirements and behavior and thus lead to stronger customer loyalty.

Finally, brand manufacturers face a trade-off between maintaining their relation-
ship with traditional distribution partners on the one hand and meeting consumer
expectations and their own distribution goals on the other hand. Thus, the topic of
online direct sales implies an enormous challenge for brand manufacturers. It needs
solutions that show possible ways of how to solve or reduce the described trade-off.

The goal of this paper is to find useful strategies brand manufacturers can apply
to meet the needs of their end customers without harming the business of their
traditional trading partners too strongly or even with offering benefits for them. The
hypothesis followed in this paper is that there exist direct online sales strategies
for brand manufacturers, which avoid creating conflicts with traditional distribution
partners. The research questions derived from this hypothesis are the following:

(1) Which online channels belong to the area of online direct sales?
(2) What kind of online strategies are possible for brand manufacturers?
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(3) Which strategies have the potential to avoid conflicts with other partners in the
value chain?

This chapter focuses on the online direct sales of brand manufacturers or compa-
rable companies that also sell via the classic distribution channels, i.e. via importers
and the wholesale and retail trade. Pure direct sales, as known from big brands such
as Tupperware or Thermomix, are not considered. Vertically integrated companies
that realize the wholesale and retail level only through their own companies, such as
H&M, Tally Weijl or Ikea are also not considered.

However, sales via digital platforms such as electronic marketplaces or social
media platforms such as Facebook and Instagram are included. The brand manu-
facturer can implement sales via such platforms mostly independently and self-
determined. It therefore seems justified to interpret this distribution channel as a
direct sales channel.

The following section defines relevant terms and gives a short overview of the
recent literature in the field of direct to consumer e-commerce. Section 3 describes
the research approach and the procedure of collecting and analyzing data. In a next
step, the transformation of the Swiss retail market will be explained in order to under-
stand the initial situation of the brand manufacturers and their need to act (Sect. 4).
Section 5 reports the motivation and goals of the brand manufacturers, followed by
an explanation and discussion of possible online direct sales strategies (Sect. 6).
Section 7 summarizes the results, draws conclusions, and indicates limitations and
topics for further research.

2 Literature Review

Direct sales in general can be described as sales, which are realized via vertically
integrated distribution channels. The channels or distribution chains can look
different: they can consist of several value chain stages such as wholesaling and
retailing (e.g. flagship stores, outlets), which are all operated or at least controlled
by the brand manufacturer, or they can be more directly connected to the consumer
via sales persons or online shops. However, the operation of supporting functions
such as payment, transport, or advertising can be outsourced to third party service
providers [6].

A narrower definition limits direct sales to personal selling activities to private
end-users (consumers) outside physical selling locations as it is realized e.g. by well-
known brands like Vorwerk or Tupperware [7]. In this chapter, the narrow definition
is not appropriate because it covers only a very specific kind of distribution channel.
Using a broader definition is necessary in order to show how online activities of brand
manufacturers are established parallel to distribution activities along the traditional
distribution chains.

As online activities build the focus of this chapter, the area of online direct sales
channels is of particular relevance. They can be defined as online sales channels,
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Fig. 1 Concurrent channels in a manufacturer business model

which are operated by the brandmanufacturer to sell products directly to the business
or private end customer. This means that no other intermediaries, neither electronic
marketplaces nor other brokers or resellers, are involved in the transaction process
[6]. Li et al. [6] additionally require that the complete transaction process including
agreement and ordering can be realized on the online platform.

The opposite of direct sales are indirect sales. They are created via distribution
channels, which incorporate third party partners such as general agents, importers,
wholesalers, and retailers. Indirect and direct distribution channels can be combined
(Fig. 1). If they are combined in one regionalmarketwith the sameproduct line in both
channels, they are called concurrent channels [8]. The operation of concurrent chan-
nels gives customers the opportunity to choose the channel that best fits their needs.
At the same time, it gives the brandmanufacturer the chance to achieve a bettermarket
coverage [8, 9]. International brand manufacturers with rather long and diverse
distribution chains often operate their own distribution centers in the target coun-
tries supporting their own and—if appropriate—third party retailers with marketing
communication or logistics services. Nevertheless, concurrent sales channels usually
lead to intra-brand competition and conflicts among the different channels. SaVinhas
and Anderson [8] analyze these effects in the B2B area in detail.

Selling directly to consumers is a major challenge for brand manufacturers who
have worked with traditional distribution partners in the past. Although they are
familiar with business-to-business (B2B) relationships and processes, they must
acquire business-to-consumer (B2C) know-how anew. Accordingly, several aspects
cited in the literature illustrate the problem on the side of the brands:

• Specialized resources and functions, which are needed in the relationship with
consumers (e.g. sales, logistics, communication), are often not available [10].

• Specialized B2C online-distribution know-how, e.g. country- or segment-specific
knowledge regarding legislation, customs regulation, customer requirements, is
often missing.

• Conflicts between the goals of presenting products and selling products arise.
• The competitive situation in a B2C context is different from a B2B situation [10].
• Retailers who are also important partners become competitors. The relationship

with them must therefore be reconsidered [10].

One aspect that is controversially discussed in the literature is the question of
whether sales via digital intermediary platforms can still be counted as online direct
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sales. Li et al. [6] define that online direct sales exclude the involvement of brokerage
platforms such as marketplaces or price comparison platforms, whereas fulfillment
services can, for example, be outsourced to third parties [6].

The basic definition of direct sales states that direct distribution chains are verti-
cally integrated, and distribution can therefore be controlled by the brand manufac-
turer. With reference to this possibility of control, sales via brokerage platforms can
also be counted as direct sales, because brand manufacturers can control the content
and prices offered themselves. In addition, the contract is usually concluded directly
between the supplier and the buyer and not between the intermediary and the buyer.

3 Research Design

The behavior of companies can be observed directly only to a limited extent. In
order to gain deeper insights into the goals pursued and strategies implemented by
brand manufacturers, an explorative and interpretative research approach with qual-
itative expert interviews is therefore suitable [11, 12]. E-commerce managers of
companies that are market-shaping e-commerce providers in Switzerland are inter-
viewed as experts. They are involved in the strategic positioning of their e-commerce
offers and at the same time actively involved in the value creation processes. These
views enable them to make statements about current developments in their industry
and in Swiss e-commerce. Market-shaping e-commerce providers are defined here
as companies that significantly influence the development of e-commerce in their
industry. These include companies that are leaders in e-commerce in their industry
(e-commerce leaders), that shape the industry by their size or reputation and are
committed to e-commerce (industry leaders), or that promote e-commerce through
innovative business models (e-commerce innovators).

The data and statements relevant to the research questions examined here were
collected at the beginning of 2016 [4] as part of a large-scale study, the E-Commerce
Report Switzerland. The E-Commerce Report Switzerland is an annual panel study
on the development of e-commerce in Switzerland, which has been conducted since
2009 (see for example [13–15]. A total of 36 companies from different industries—
mainly consumer electronics, fashion, food and beverage, lifestyle, media, travel, and
marketplaces—took part in the study in 2016.Among themare twelve companies that
act as brand manufacturers or brand suppliers and sell online directly to consumers
(e.g. FREITAG lab., Nespresso Suisse, Swiss International Air Lines, SBB Swiss
Federal Railways, Scott Sports, Victorinox).

The survey is designed as a structured expert discussion with open and closed
questions, which allows a constructive and in-depth examination of the topics [12].
The questionnaire is not identical for all companies, as in some cases it also contains
questions that are adapted to specific industries and companies. The studyparticipants
received the printed questionnaire at the beginning of the interview. They were only
pre-informed about the general topics a few days before.
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Company representatives who have already been interviewed several times in
previous years are sometimes interviewed in writing. The questionnaire for the
written survey is largely identical to that used for the interviews. In 2016, six
new participants were added to the panel specifically for the topic “Online direct
sales”. A modified questionnaire with some topic-specific questions was used for
the brand manufacturers. In total, the authors conducted 32 personal interviews, and
four experts answered the questionnaire in writing.

The written documentation of the interviews was done by listening to the audio
recordings and writing a summary transcript [16]. The transcription follows previ-
ously formulated rules to ensure a consistent approach [17]. The transcription was
done question by question and followed the course of the interview.

The level of detail of the answers, the range of the statements, and the confiden-
tiality of the individual statements made an interpretive condensation necessary. The
interpretation was carried out by the authors themselves because of the expertise this
requires.

4 E-Commerce Drives the Transformation of Distribution
Chains

This section describes the current situation of the trade in general and specifically of
B2C e-commerce in order to show the current developments, which determine the
conditions for the market players. All experts interviewed in this study rather agree
or fully agree that a transformation of the value chains is currently taking place in
their industry. As the study is about B2C e-commerce, the descriptions focus on the
distribution chains between suppliers and consumers.

In the eyes of the experts, structural change in Switzerland is primarily reflected
in the following changes: the appearance of innovative business models driven by
the Internet and mobile computing, ever-increasing customer requirements, falling
margins and prices, superior foreign suppliers, and a growing range of products and
services (more products and providers). In some industries, these changes occur
in parallel, so that it is obvious that the situation of many suppliers is becoming
increasingly acute as demand stagnates. In addition to digitalization and increasing
networking, developments in foreign markets are emerging as drivers of these devel-
opments. Foreign suppliers have more sales potential due to the size of the market,
motivating them to make higher investments. This in turn allows them to achieve
positive economies of scale and to offer a higher service level—often at lower prices.

On the supplier side, an increasing division of work and specialization can be
observed as a result of increasing digitalization and networking along the value chain.
Thismeans that countless service providers are emerging to take over individual retail
functions. This in turn leads to the effect that typical functional bundles of the retail
trade dissolve [18–20], more alternatives for the provision of retail functions are
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emerging and the classic distribution channels are losing their importance for brand
manufacturers.

On the consumer side, this loss of importance is driven by the general shift of
purchase-related activities to online channels. The volume of online trade in Switzer-
land has grown by approximately 10% annually over the past ten years. Depending
on the product category, it now accounts for between 2 and 50% of private household
consumption expenditure [21].

In order to compensate for the loss of importance of the traditional distribution
channels and to ensure the service level defined by the brand, the importance of
direct sales is increasing for brandmanufacturers.Within the framework of the series
of studies described here, it was observed that Swiss e-commerce retailers have
been aware of increased direct sales activities by brand manufacturers since 2012,
coinciding with a strong depreciation of the euro. For this reason, the topic of direct
sales was taken up as the main topic of the study in 2016. In the interviews, a large
majority of the respondents agreed that many brand manufacturers have been trying
to control the online sales of their products themselves or at least sell parts of their
product range directly to end customers since around 2012.

5 Motivation and Goals for Direct Sales

In the discussions with brand manufacturers, it becomes clear that the structural
changes require a stronger commitment of the brand manufacturers. One manufac-
turer describes that in the years to come, brands will have to take on more retail
functions in order to ensure the customer’s brand experience. The reason for this is
the declining margins, which means that retailers will no longer be able to provide
personnel-intensive services. To compensate for this, brands will have to become
more involved in this area, which will lead to a shift of retail functions to the brand
manufacturers. Compared to retailers, brand manufacturers have the advantage that
their specialization and size enable them to provide the necessary services at a higher
quality and possibly also at lower cost.

Other statements reflect the fact that retailers are increasingly being restricted:
They cannot physically display all brands or their complete assortment, not least
because of the decline in physical sales space. Even in specialist shops, sales staff
can no longer know all the details of the wide range of products, which limits their
advisory skills. This is exacerbated by the changed customer behavior: Customers
are often better informed than the sales staff in the retail stores due to the information
options available today. In order to obtain authentic information, they increasingly
turn directly to the brands for information and questions. By doing so, they expect
to be able to buy the products from the manufacturer, e.g. to ensure that they receive
original and up-to-date articles. This is clearly expressed in a statement by Kilian
Eyholzer of Victorinox:
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Fig. 2 Goals for D2C sales of brand manufacturers [4]

Customers today expect an online shop from us. In a survey, two customer concerns stood
out above all others: Customers want to see the prices and be able to order directly online.

The goals that brandmanufacturers want to achievewith their own online sales are
multifaceted. Surprisingly, only half of the panel participants believe that generating
income from direct sales is a high priority for brands—this motive is in the middle
of the field compared to other motives (Fig. 2). This means that a direct distribution
channel is not always intended to mainly serve as a sales channel. Less surprisingly,
ensuring optimal product and brand presentation on the Internet is given the highest
priority. After all, this is a core task of brand suppliers. The results also clearly show
the efforts to build direct customer relationships with end customers and to derive
insights from the interaction with customers.

6 Strategies for D2C Sales of Brand Manufacturers

This section describes and analyzes the strategic options that brand manufacturers
in Switzerland have developed to position themselves in the online business. It is
apparent that some strategies are designed to avoid conflicts with traditional distri-
bution partners in order not to jeopardize the indirect distribution channel, which
remains important. Three fundamentally different strategies can be observed: pure
online direct sales strategy, multi-touch-point strategy, and platform strategy.

6.1 Pure Online Direct Sales Strategy

A very consistent way to avoid conflicts of interest with distribution partners in the
classic value chain is to position the company as a purely direct selling company.
This naturally presupposes that sufficient access to consumers is possible without
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intermediaries and that the direct distribution channel is viable enough to achieve a
critical sales volume. If direct sales are made purely online, it is also necessary to
perform value-added functions that would otherwise be performed by the retailer,
either by oneself or with the help of specialized service providers.

This is the path taken by the ifolor photo laboratory in Kreuzlingen, originally an
indirect distribution company. Its aim is to ensure that its positioning as an online
pure player is diluted as little as possible by additional channels. ifolor has mastered
the digital transformation in photography and is now exploiting the potential arising
from digitalization, e.g. mass production of individualized photo books and other
photo products. The efficiency of digitally controlled production processes is so
high that the company can produce in Switzerland—even for foreign countries. The
restriction to an online direct sales channel also contributes to the high efficiency and
the result of the business model. Sven Betzold from ifolor puts it like this:

B2B customers are a completely different clientele than B2C customers. In marketing and
sales, completely different instruments are required and this has an impact on the cost
structure.

The companymySwissChocolate, also a provider of individualizedmass products,
follows similar principles and considerations. The manufacturer of chocolate bars
and chocolate greeting messages started as an Internet start-up, which made it easier
to enter the pure direct online business. However, the manufacturer of chocolate bars
had to shift its business model to business customers in order to scale sufficiently in
a small country like Switzerland.

The pure online direct sales strategy cannot only be applied to individualized prod-
ucts. The Swiss company Blacksocks, for example, sells standardized mass products
under the brand of the same name, primarily socks and shirts, very successfully in
more than one hundred countries. Blacksocks also started out as a pure online player.

6.2 Multi-touch-point Strategy

ifolor’s transformation from purely indirect to purely direct sales is rather unusual
andwent hand in handwith the technological change fromanalogue to digital photog-
raphy. For existing manufacturers with an established distribution structure via the
retail trade, the focus is usually on being able to incorporate new customer touch
points into their sales concept and to avoid conflictswith existing distribution partners
wherever possible. A multi-touch-point strategy has emerged as the most important
approach to solve this problem. It differs from a multi-channel strategy in that a
touch point is not necessarily a sales channel. The primary goal is to be present in
the customer journey in as many places as possible. Michael Lipburger from Jura
Elektroapparate observes:

When buying high-quality coffee machines, the pre-purchase phase and the purchase phase
are often decoupled and take place on different channels.



246 U. Leimstoll and R. Wölfle

At the heart of the direct customer contact of brand manufacturers via online
channels is their own website, online product catalogue, or online shop. If a purchase
opportunity exists, the question arises to what extent the manufacturers compete
with their traditional trading partners by structuring their conditions. According to
previous observations, only a few, typically very strong brands are entering into fierce
competition with their trading partners. Examples of this can be found in the aviation
industry in the sale of airline tickets; Apple is mentioned several times as another
example.

In order to reduce conflicts with distribution partners in a multi-touch-point
strategy, various measures can be considered. On the one hand, it can be observed
that brands divide their business activities in order to avoid conflicts. Online direct
sales are then only operated in a separate business segment. Two examples come from
the publishing industry: In the case of specialist and textbooks, publishers are estab-
lishing new forms of distribution via databases and licenses, completely bypassing
the book trade. In the case of e-books, they are reducing the book trade to a role
of intermediary via agency contracts. This way, publishers can determine the sales
price themselves and eliminate price competition at the retail level.

On the other hand, it is common practice to provide different distribution channels
for different product lines. To do this, a product hierarchy and a channel hierarchy
are defined and combined with each other depending on the positioning. Exclusive
products, for example, are only offered through the company’s own channels or
through particularly loyal sales partners, where brand presentation and pricing policy
correspond to the manufacturer’s ideas. Other products are distributed more widely
and in the traditional way, where differing forms of presentation and sales prices
are accepted to a certain extent. Nespresso has been very successful in doing this.
Patrick Th. Oken of Nespresso Suisse describes why the machines are sold through
stationary retailers:

Getting started with the Nespresso system begins with the purchase of a machine. For this,
Nespresso uses the reach and the stimulation potential of the stationary trade.

A third measure can be observed in young companies. Right from the start, they
establish indirect sales and online direct sales side by side and try to maintain a
roughly uniform price level in both channels. In this constellation, the brand achieves
reach through its stationary trading partners and direct customer contact via the online
channel. An example of this is ON-Running, a running shoe brand that is currently
in high demand.

The fourth measure, cooperation between brand manufacturers and retailers,
is ideally designed to benefit both parties. For example, the brand manufacturer
could support its dealers in presenting its brand appropriately on the dealers’ online
channels. The brand manufacturer could also refer to dealers’ shops on its website—
however, this is often not well resolved at the moment. The brand Neue Wiener
Werkstätten (NWW)has implemented an exemplary cooperationwith its dealers. The
products are high-quality furniture, which are sold through specialist trade partners.
As the online activities of the specialist trade partners were not always satisfactory
from the brand’s point of view, NWW now conducts the customer dialogue itself via
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all online touch points. For this purpose, an online shop for the furniture was set up.
With the trading partners, extended distribution agreements are being made: They
provide delivery, assembly, customer service, etc. for online orders in the NWW
online shop and are credited the full trading margin in return. They also support and
advise customers in the selection of furniture. In the end, both brand manufacturer
and dealers are in continuing contact with the customers. The special thing about
this example is that a weaker brand, in coordination with its existing distribution
partners, implements a multi-touch-point strategy with online sales consistently and
with little conflict.

6.3 Platform Strategy

As already described in the introduction, self-determined distribution via digital
platforms is also counted as online direct distribution here. Sales via such—
partly global—platforms thus represent a further strategic option for direct sales to
consumers. Examples of digital platforms with purchasing options are electronic
marketplaces and, gradually, search engines, price comparison platforms, rating
portals, and social networks.

Although consumers are looking for products not only on Google, but increas-
ingly also on electronic marketplaces and other digital intermediary platforms, many
manufacturers find it difficult to offer their brands on such platforms. When doing
so, they have the chance to meet their customers’ needs in a partly self-controlled
way: They can determine part of the content and presentation themselves and give
customers the security of receiving original products.

On the other hand, brands are usually not able to present their products on these
platforms as well as they would like. They cannot determine, which other products
are presented on the platform, and are exposed to price competition. If the branded
product is offered on the same platform also by dealers and if these dealers are
part of the traditional distribution chain of the brand manufacturer, other undesir-
able competitive situations arise. These are particularly problematic where there are
relevant price differences between the manufacturer’s and the dealer’s price.

Due to the pros and cons, the brand suppliers represented in the study panel
are divided in terms of their own involvement in digital platforms. Many brands
would prefer to completely prevent the supply of their products for example on
marketplaces, which is hardly possible for antitrust and other reasons. Many brands,
however, have abandoned their initial reluctance towards online platforms. One
participant in the study states that it is better to sell the goods via a third party
on the Internet than not to sell them at all.
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7 Conclusion

This chapter analyzes the online direct sales activities of brand manufacturers.
Despite online channels and digitalization, most of them still use the traditional
distribution channels via wholesale and retail. The aim is therefore to determine how
brand manufacturers can structure their online distribution activities without getting
into too much competition with their traditional distribution partners.

To answer this question, an explorative and interpretive research approach was
chosen. For this purpose, 36 e-commerce managers from potentially market-shaping
companies were interviewed. Among them, there were twelve brand manufacturers.

The results initially show that the Swiss retail trade is characterized by a far-
reaching transformation process, in which, among other things, there is a shift from
offline to online channels. The importance of traditional retailers for the distribution
of branded products is thus diminishing. As a result, brandmanufacturers have to find
alternative distribution channels to compensate for the decline in sales in traditional
retail, to present the brandoptimally in the onlineworld and also to provide consumers
with direct contact.

This is then also expressed by the motivation that has been driving brand manu-
facturers to expand their online activities since 2012. It is not so much the achieve-
ment of additional revenues, but rather the establishment of direct communication
relationships with consumers and the use of the resulting data.

Three basic strategies have emerged as possible strategies for direct to consumer
e-commerce of brand manufacturers: the pure online direct sales strategy, the multi-
touch-point strategy, and the platform strategy. The first two are designed or can
be designed in such a way that conflicts with other distribution partners are largely
avoided. In the case of the platform strategy, this depends on whether brand manu-
facturers and retailers are active with the same products on the same platform or
not.

The pure online and the multi-touch-point strategy are mutually exclusive, while
both can be combined with a platform strategy. Direct sales via a digital platform
can therefore be used by both pure online brand manufacturers and manufacturers
who maintain several contact points.

One limitation is that the analysis is based primarily on the statements of indi-
viduals who all hold similar positions in e-commerce. Thus, the perspective of the
respondents is quite similar. Since the panel participants are potentially market-
shaping e-commerce companies, the database from the interviews is not representa-
tive. Finally, only twelve companies belong to the core group of online direct-selling
brand manufacturers.

In a further research step, the sample should therefore be increased in order to
obtain a better overview of the behavior of the large mass of brand manufacturers. In
addition, it would be interesting to analyze and evaluate the identified online direct
sales strategies in terms of their success. Furthermore, other forms of cooperation
could be developed in which brand manufacturers and retailers support each other
so that both can benefit.
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The Digital Marketing Toolkit:
A Literature Review
for the Identification of Digital
Marketing Channels and Platforms

Marc K. Peter and Martina Dalla Vecchia

Abstract Digital transformation, driven by technological advances and changing
customer requirements, is stimulating the use of digital marketing. 11% of Swiss
organizations regard digital marketing as a key investment area as part of their overall
digital transformation strategy, with over one third of Swiss organizations currently
investing in new sales and marketing tools. Unfortunately, there are implementation
gaps between Swiss small andmedium-sized enterprises (SME) and large enterprises
(LE). In short, SME are lagging behind LE and generally do not use digital marketing
tools, channels, and platforms. Barriers that prevent SME from adopting higher
digital marketing tools are cultural change, limited resources/high costs, technology,
and expertise. The objective of this study is to close the knowledge gap and provide
SME with an overview of the most important digital marketing tools based on a
literature review in order to leverage the opportunity of digital technology in the
marketing discipline and reduce the distance to LE. The literature review identified
nineteen relevant articles. These articles include 162 citations of tools, channels,
platforms, and methods, which can be used by SME to close the knowledge gap and
thus take advantage of a new, digital marketing portfolio. The twenty-four unique
digital marketing tools are presented based on a comparative analysis, with the eleven
most often cited tools being defined and described. Potential for further research was
identified.
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1 Introduction

The Internet has fostered new strategy and business management frameworks that
have also changed marketing practices. Here, digital marketing has transformed
the traditional marketing mix and the existing integrated marketing communication
model [8, 43]. In the literature, this is sometimes referred to as the fourth marketing
revolution [3].

Digital marketing drives customer engagement and involvement in both the setup
of the marketing mix and the application of marketing communications. In addi-
tion, in order to remain competitive, businesses of all sizes—including SME—are
forced to take advantage of digital marketing [8, 34]. Hence, the adoption of new
digital marketing technology is essential for the survival of SME [1]. Unfortunately,
marketing strategies and the adoption of digital marketing in SME are often not
formalized due to limited resources, lack of expertise, and other factors specific to
SME [9, 12, 30, 42, 44].

In this chapter, the goal is to understand the broader context of digital marketing
in business strategy (and especially with regard to digital transformation) with a
focus on Switzerland, and to identify the most important digital marketing tech-
nology (i.e. channels and platforms) in order to support SME in the development and
implementation of digital marketing.

An introduction to SME and digital marketing as well as data from a recent Swiss
study will provide contextual information in Sects. 2 and 3, followed by a literature
review to identify digital marketing channels and platforms in Sect. 4. To support
business practice, the synthesis of the literature review is presented in the form of
the digital marketing toolkit in Sect. 5. Finally, Sect. 6 provides the conclusion with
suggestions for future research.

2 SME and Digital Marketing

SME cannot continue to sell their products and services in the traditional way and
need to adapt their digital opportunities and tools [45]. Here, the Internet provides
a new, very different environment for international marketing and new paradigms,
which need to be considered. The Internet has become an important marketplace:
New frameworks for business andmarketing strategies have emerged and the number
of Internet users continues to grow globally [3, 8, 28].

The potential for online or digital marketing has long been recognized: Poon and
Jevons [38] stated that “many small businesses […] are compelled to compete beyond
their comfort zone (local markets) due to the globalization and internationalization of
the marketplace. At the same time, the commercialization of the Internet has created
unprecedented opportunities for small businesses […]”. The goal of this opportu-
nity is in fact digital marketing: It tries to achieve marketing objectives through the
applications and tools of the Internet [11]. Digital marketing has especially grown
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Fig. 1 Global utilization of the terms internet marketing (blue, high starting point) and digital
marketing (red, low starting point) since 2004 [20]

with a large number of websites in the past two decades [28, 46]. While in the past,
internet marketing (e.g. [21, 31]) was the predominant term, digital marketing (e.g.
[5, 24, 44]) has been the preferred term since around 2013 (Fig. 1; [20]).

As mentioned earlier, marketing strategies in SME are often less formal than in
LE. This is due to themanner inwhich the owner/manager runs their business, limited
resources, lack of technology or the use of outdated technology, and also by the lack
of expertise [9, 12, 30, 42, 44].

Since SME have identified digital marketing as an important business function
and are investing more in new systems and channels, the impact of digital marketing
is seen as essential and is now an important element of a modern organization [45,
46]. However, SME still seem to ignore themany benefits of digitalmarketing and the
utilization of digital marketing still has potential for improvement [44, 46]. Digital
marketing can help SME to market and promote their products and services. It also
provides cost efficiency/savings as well as faster communication and broader market
coverage, and creates customer awareness. With the advancement of technology,
digital channels are standardized, interactive, ubiquitous, and cheap. These benefits
motivate SME in the adoption of new digital channels and most importantly, help
reduce the distance to LE in the introduction of digital technology [22, 30, 42, 44].

On the other hand, organizations need to cope with multiple challenges, including
the organization’s ability to generate customer insights, data security and privacy,
to manage brand health and reputation in the age of social media, and to assess
the effectiveness of their digital marketing activities [22, 28]. Another challenge for
organizations is to align their marketing channels, especially since they need to be
tailored to the needs of customers. Here, the selection of channels is an important
strategic factor, as is channel orchestration, i.e. the integrated marketing or omni-
channel approach [29]. As the Swiss study has shown, SME lack the knowledge and
expertise how to use these tools. Therefore, a marketing toolkit would support orga-
nizations, including SME, not only to determine their strategic selection of channel,
but also to consider an alignment among these tools, channels and platforms.
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3 Digital Marketing in Switzerland

Digital transformation of government and commercial organizations as well as
society is an ongoing endeavor in order to increase process efficiency, create trans-
parency, take advantage of new technologies, and drive customer value based on
changing market requirements. An important action field (or strategic dimension) of
digital transformation, as identified in a large Swiss study of 2,590 participants, is
digital marketing [35, 36].

According to the Swiss study, digital marketing is a focus topic of digital trans-
formation in about 11% of Swiss organizations [35, 36]: There is a clear trend away
from traditional marketing activities and tools towards digital marketing. Marketing
strategies are directed towards new technological opportunities offered by digitaliza-
tion, such as responsive marketing communication (with a direct feedback-loop from
customers back to the organization) or the multi-channel approach, where digital and
analog channels are served in a coordinated manner (including distribution, sales,
and customer service). This allows several target groups to be addressed in parallel,
which means that the market can be served more effectively. In the field of digital
marketing, most organizations focus on the new requirements of customers (e.g.
e-mail support), online platforms, website visibility, and social media.

However, barriers affect digital transformation initiatives in Swiss firms. The lack
of knowledge and expertise is the main barrier in 48% of the participating firms,
which also affects the success of digital marketing strategies and activities.

Digital marketing is the logical consequence of the general digitization of busi-
ness processes, of which the marketing and sales division is an important part. The
aim is to be able to react flexibly to market changes and customer needs. There is
an awareness that mobile devices such as tablets and smartphones have changed the
consumption and communication behavior of customers, and that technical devel-
opments will continue to influence the purchasing behavior in the future. In addition
to e-commerce, some organizations rely on search engine marketing (SEM) instead
of advertisements, and digital newsletters (e-mail marketing) instead of direct mail
campaigns. Many of the organizations are aware that a large part of commercial
transactions is conducted online and that the supply and sale of goods and services
is shifting to the digital marketplace. Organizations know that the traditional sales
behavior (where customers go to the store, obtain advice and buy the product locally)
has changed; towards a purchasing behavior in which customers like to inform them-
selves online (and perhaps by visiting a local store to see and touch the product) and
then buy the products (and services) online. Therefore, there is a shift of many
components of the physically accessible world to the virtual one on the Internet. For
this reason, many organizations also see the need to open up new digital sales and
procurement channels and to operate digital platforms, which are oftenmore compre-
hensive than traditional online shops. The advantage of this lies in an increase of sales
efficiency, in the reduction of the time it takes a product to reach customers, and in the
additional customer data that can be obtained and further evaluated in this process.
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3.1 Important Concepts of Digital Marketing

The study [35–37] identified core concepts of digital marketing in Switzerland.
Addressing and connecting customers via digital channels seems to be important
for many organizations in the age of digital marketing. Digital marketing should
not only open up new sales channels in order to address new markets; it should also
increasingly address customer needs. As a result, some organizations developmobile
apps for their customers, offer online payment options, provide as much information
as possible about their products and services online, and tailor their websites to their
customers’ needs. These customer needs and preferences can be further optimized
by analyzing search and purchase behavior.

Social media is seen as an integral part of digital marketing and serves to position
an organization’s products and services in the online community market and through
social media platforms. Social media is used by organizations for customer loyalty,
customer communication, social selling, and market expansion. In any case, the
advantage is seen in the relatively simple networking paradigm between different
stakeholders. In many cases, social media is already part of the communication
strategy and serves to increase the online presence. Organizations state that they
benefit from the fusion of private and business life through social media and use it as a
platform for theirmarket offers.Bydevelopingvaluable and creative content,which is
then shared with a social media community according to the specific use cases, orga-
nizations try to turn customers into fans and employees into proudhosts/ambassadors.
The goal is to serve customers on the digital channels that are available to them. In
some organizations, social media, such as Yammer, is also used internally to inform
employees about new products and services, thus facilitating internal communica-
tion and interaction. The surveyed organizations in the Swiss study also use social
media, including Facebook, Instagram, LinkedIn, Twitter, and XING, as a means of
acquiring new customers and maintaining contact with existing customer groups.

Finally, the participating organizations in the Swiss study are observing an
increasing need for strong online visibility. A good web presence, i.e. website, is
therefore essential to remain competitive in the market. A successful website helps
organizations to achieve stronger visibility in a market that has shifted significantly
to the online sector. In this sense, the digital presence secures their existence in the
market. At the same time, organizations are aware that not the whole population is
digitally savvy, and that a multi-channel approach is therefore needed to reach and
communicate with all groups. Analogue sales are combined with digital marketing
tools such as online advertising and newsletters. The awareness of the shift of the
marketing function to the digital sector is present among the organizations surveyed.
The focus is on expanding their presence in the web through extensive and up-to-
date websites as well as using social media and marketing technology to communi-
cate with customers and expand their own market. There is also a strong awareness
that the online offers must be strongly geared to the changing needs of customers,
which include mobile applications, personalized information and services, and the
aforementioned multi-channel approach.
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3.2 Digital Marketing in Swiss Organizations

In terms of digital marketing tools, channels and platforms (Table 1), a number
of gaps exist between small and medium-sized enterprises (SME) with 1–249
employees (including micro enterprises with 1–9 employees, small enterprises with
10–49 employees, and medium-sized enterprises with 50–249 employees) and large
enterprises (LE) with over 250 employees [35, 36].

The marketing approach in the digital environment with the highest relevance is
search engine marketing (SEM): This tool/approach is highly relevant in 57.5% of
Swiss organizations, followed by e-mail and social media marketing (both with a
high relevance in 50% of organizations). The major difference between SME and
LE lies in display advertising. Many SME do not seem to use this form of marketing
communication (only 17.7% of SME), while LE (43.9%) actively use it. This is
probably due to the work involved, as this form of digital marketing requires a
graphic designer and, in many cases, an advertising agency. With regard to SEM,
especially search engine advertising (SEA), the work can often be carried out by
the SME themselves or by an agency with manageable effort. It also seems that
SME have not yet discovered the advantages of content marketing, as this is relevant
for only 40.2% of SME (and 61.2% of LE). Especially in connection with social
media marketing, which is relatively high among SME at 47.6%, content marketing
could contribute to higher chances of success with this particularly interesting digital
marketing tool.

Table 1 Digital marketing tools, channels, and platforms usage in Swiss organizations (n = 278;
Scale from 1 (low relevance to 5 (high relevance), with high relevance defined as ≥3) from Peter
et al. [35, 36]

Digital tools,
channels and
platforms
with high
relevance

Company size Total

SME (%) Micro
enterprises
(%)

Small
enterprises
(%)

Medium
sized
enterprises
(%)

Large
enterprises
(%)

Search engine
marketing
(SEM)

58.20 45.60 65.30 66.70 55.40 57.50

E-Mail
marketing

51.60 45.10 49.30 65.90 45.60 50.00

Social media
marketing

47.60 32.90 57.90 53.50 56.70 50.00

Content
marketing

40.20 30.40 37.10 62.50 61.20 45.90

Display
advertising

17.70 10.60 18.60 28.20 43.90 24.90
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4 Literature Review

The objective of this chapter is to provide SME with an overview of the most impor-
tant digital marketing tools (for later reference, tools also include go-to-market
channels and digital platforms) in order to close the knowledge gap, leverage the
opportunities of digital technology in this field, and reduce the capability gap to LE.
An initial literature review revealed that only a small number of researchers had the
objective to identify and describe such digital marketing tools. Overall, there are only
a small number of publications on SME digital marketing that cover more than just
one specialized topic, e.g. social media, content marketing, or marketing automation
[9, 12].

4.1 Research Design

A detailed literature review was conducted with the goal to identify and analyze
the current body of knowledge. Based on pre-defined keywords (digital marketing
platforms, online marketing platforms, SME digital marketing, SME digital
marketing channels, SME online marketing, social media platforms, SME online
marketing, online marketing tools, internet marketing, digital marketing, usage
digital marketing, usage digital platforms), four databases were used: EBSCO [15],
ProQuest [39], Google Scholar [19], and Google [18]. This resulted in a collection
of almost 140 publications from these four sources.

All academic publications from the first three sources were analyzed to evaluate
their academic standing. One of the criteria was that the literature was based on
survey results. Other publications, such as whitepapers (from the fourth source)
were included if the findings were based on survey results and/or if the source was
a known source (e.g. larger consulting firms). While many articles are based on a
literature review or general business practice, others have an empirical basis (e.g. [7,
13, 24, 26, 27, 30]). In order to focus on articles that provided insights into tool sets
or frameworks, only articles that took a multi-dimensional approach with at least two
digital marketing tools or methods were included in the analysis, as the focus was
on publications that included comparisons and/or linked tools. Articles with a focus
on one single topic (e.g. social media) were excluded from the literature review.

Following a review of the remaining literature of nineteen sources, a compara-
tive analysis was conducted that identified all digital marketing tools described or
analyzed in the literature. Following the completion of the comparison, all tools
were grouped and included in the digital marketing toolkit. Those which appeared in
more than 25% of all articles (i.e. have five or more citations), are briefly defined and
described in Sect. 5 to provide contextual information and definitions. The threshold
was set at the 25% value because a significant differentiation could be observed at
this point.
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4.2 Digital Marketing in Literature

The literature review identified nineteen articles, which described and/or analyzed
twoormore digitalmarketing tools (Table 2). These articles include a total of 162 cita-
tions of tools andmethods that can potentially be used and leveraged by organizations
to benefit from the new, digital marketing portfolio.

On average, 8.5 tools were mentioned in each article. In terms of number of tools
described, Demishkevich [14] and Jensen [26] list thirteen tools each, Chaffey [7]
lists twelve tools; & Bhayani and Vachhani [4], Borges Tiago and Verissimo [5]
& Trivedi [45] eleven tools each. Only for the past five to six years (since 2014),
the industry seems to have considered the utilization of multiple digital marketing
tools in organizations and thus has tried to articulate its benefits, challenges, and
opportunities.

It is worth pointing out that some of the fundamentals of marketing, e.g. analytics
and monitoring, brand management, customer relationship management (CRM) and
marketing strategy were not explicitly mentioned as tools or functions of digital
marketing. In some publications, they were discussed in an introduction, but not
individually surveyed or defined as a component or success factor of digitalmarketing
(except in [2, 4, 14, 25, 45]).

The literature with a large number of digital marketing tools are a consultingwhite
paper with empirical data [7], a dissertation [14], a literature review [4], an empirical
study [5], and two literature reviews in combination with an empirical study [26, 45].

Section 5 provides an illustration with the twenty-four referenced digital
marketing tools and describes the most frequently cited tools. The following tools
with less than five citations are not discussed in detail, i.e.

• Analytics and monitoring: The tracking, monitoring, and analysis of campaign
metrics, customers, and website data;

• Brand management: Branding in the digital age;
• CRM and big data: The utilization of customer insights and smart data to drive

digital strategy;
• Directories and listings: To further promote a business on specialized websites;
• E-commerce and web shops: Most likely because they are seen as a driver of

digital businesses, rather than digital marketing;
• Promotions and e-coupons: Price driven promotions/digital campaigns;
• Marketing automation: A more recent topic; the technology which combines

process engineering and digital marketing best practice;
• Marketing strategy: The analysis of the market and development of a strategic

plan;
• New technology: This includes, for instance, wearables as well as augmented and

virtual reality;
• Video marketing: This might be regarded as a subset or format of content

marketing; and
• Wikis (knowledge databases) and e-learning programs to further educate the

market.
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5 The Digital Marketing Toolkit

The complete digital marketing toolkit available to SME (Fig. 2) to reduce the gap to
LE and to develop and implement a digital marketing strategy includes twenty-four
tools, of which eleven werementioned inmore than a quarter of all articles. These are
affiliate marketing, content marketing, display/online advertising, e-mail marketing,
mobile marketing, online public relations, search engine advertising (SEA), search
engine optimization (SEO), social media and its communities, viral marketing, and
the company website.

The digital marketing toolkit is divided into seven categories, based on the context
used in the original literature, namely (1) marketing strategy, (2) overall customer
experience, and (3) brand management. These three categories have a strategic focus
and have a direct impact on the following categories four to seven.

Channels, platforms, and formats (4) include a large collection of tools available
to marketers. Here, content marketing (5) plays a crucial, all-encompassing role
because it provides valuable and entertaining content for the organization’s digital
channels and platforms. Analytics and monitoring (6) provide the feedback-loop and
learning capabilities to the organization. Finally, all digital marketing capabilities are
supported by marketing technology (7), including CRM and marketing automation.

The most frequently cited tools include the following propositions:

Affiliate Marketing
The goal of affiliate marketing is to increase the number of channels and the orga-
nization’s market coverage through partnerships with other organizations/websites.
The company will provide a commission for the promotion and sale of products
and services through these third-party partner websites, or for leads (potential new
customers) generated by third-party partners [6, 27]. In this category, Bhayani and

Fig. 2 The digital marketing toolkit. The eleven most often cited tools are highlighted in checks
(own illustration)
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Vachhani [4] also include link building. In addition, Demishkevich [14] refers to
lead aggregators, Jensen [26] to sponsorships, and Leeflang et al. [28] to third-party
online stores.

Content Marketing
Content marketing, including blogs, whitepapers etc., is seen as an effective strategy
for branding, developing customer trust and loyalty, and to generate leads through
targeted, valuable content [5, 14, 23, 33]. Here, Bhayani and Vachhani [4] mention
blogs as an important component of contentmarketing,Demishkevich [14] highlights
the need for video marketing; and Järvinen et al. [25] and Jensen [26] refer to online
events and webinars as a potential content format.

Display/Online Advertising
Display and online advertising are two of the oldest and most common chan-
nels/formats of digital marketing. They utilize virtual space to promote marketing
messages and to drive user activity; they create a relatively low-cost, agile, and inter-
active channel between advertisers and consumers [6, 14, 24]. New forms of online
advertising include video marketing and games [26, 30, 45, 46].

E-Mail Marketing
E-mail marketing is also one of the oldest, yet most effective marketing channels and
methods, especially due to the low execution cost and the relatively high response
rate. However, in recent years, the response rate has dropped because consumers
tend to ignore e-mail marketing campaigns [6, 24, 27]. In addition, aggressive e-mail
tactics (i.e. spam) could affect the organization’s reputation [17].

Mobile Marketing
Mobile marketing includes the whole spectrum of digital marketing tools avail-
able to organizations in order to target and engage mobile consumers (with a focus
on smartphone users). This category covers mobile apps (applications): They can
be used as a service tool, but also to interact with the market. Some researchers
also highlighted the ongoing importance of SMS (short message service) and MMS
(multimedia messaging service). The strength of mobile marketing is reflected in
the direct, personalized relationship it can build with the market and its customers
[5, 14, 24–26, 45].

Online Public Relations
The aim of online PR is to engage organizational stakeholders through digital tools.
Online PR takes advantage of content marketing and social media (referred to as
social media relations); some dedicated marketing automation solutions are also
available for online PR processes. Content formats include blogs, media statements,
dedicated landing pages, and newsletters [4, 7, 10, 14, 26, 27, 46].

Search Engine Advertising
In most publications, SEA is part of SEM [4, 27], which is used as an umbrella term
that also includes search engine optimization (SEO). Others (e.g. [13]) apply the
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term SEM as a synonym for SEA. SEA is considered a necessary tool to build brand
awareness and drive traffic to the website. It includes mostly text-based online ads,
which are presented to a user based on amatch between the keywords associated with
an ad (and other criteria, in most cases) and the search word/s from a user entered on
a search engine. Because of the many targeting options, SEA is an attractive digital
tool [4, 24]. Instead of SEM, some authors use the terms paid search [28] or pay per
click [14, 33].

Search Engine Optimization
The goal of SEO is to increase the visibility (in most cases this is measured by the
page rank and the appearance of the organization’s website on the first couple of
pages of a search engine) of a website and drive web traffic to that specific website.
It includes strategies and techniques (some technical, some content related) which
require expertise and ongoing optimization (hence the term). It is a cost effective
option for SME because it requires mostly human power, as opposed to a monetary
budget as is the case with SEA [6, 24, 27]. Some authors use the terms natural search
[28] or organic search [32, 40] as a synonym for SEO.

Social Media/Communities
Social media is a cost-effective digital marketing tool. Its benefits are reflected in
brand exposure, increased targeted traffic, and search engine optimization (SEO),
word-of-mouth and lead generation. In addition, socialmedia analytics provide infor-
mation about customers and competition. Social media includes strategies and tactics
(for instance, content marketing and online PR) to create and share information about
an organization, its products and services. Various stakeholders can create and share
content, including individual users, the community, and the organization. Marketing
technology is available to facilitate the process of sharing, listening, and responding
to social media posts [6, 12, 24, 27, 41, 46]. Some authors, e.g. Jensen [26] and
Kilmartin [27], also mention community building in the context of social media.

Viral Marketing
Viral marketing (also referred to as viral advertising) is a technique that takes advan-
tage of word-of-mouth marketing and uses the user’s personal social media network
(or e-mail list) to re-distribute an organization’s brand, product or service messages,
with the ultimate goal of creating a hype or buzz. Content formats include text, images
and videos [4–6, 27]. Because of its narrative capabilities, video is a recommended
format by Jensen [26].

Website
The website itself is an important digital tool to promote the organization and attract
customers. It enables organizations to provide information, interact with customers,
and generate sales. It also provides options for brand building, customer service and
communication efficiency. Hyperlinking allows that the collection of web pages and
multimedia content can be retrieved and consumed by users. This includes dedicated
micro-sites and landing pages, for instance for specific campaigns [4, 26]. Here,



The Digital Marketing Toolkit … 263

onsite marketing refers to the discipline of optimizing an organization’s website to
drive activity and achieve digital marketing goals [13, 24, 27, 30, 45]. According to
Taiminen and Karjaluoto [44], it is the most actively used digital marketing tool by
SME.

6 Conclusion

Digital marketing is an important strategic dimension of digital transformation.
Unfortunately, the potential of digital marketing has not yet been leveraged by SME
to the extent that LE have implemented it. Naturally, this provides meaningful oppor-
tunities for SME. Digital marketing is distinctively different to traditional marketing
as it is based on new technology, responsive and measurable marketing communi-
cation, and a multi-channel approach, which allows the data-driven orchestration of
digital tools. As is evident from the literature, traditional marketing topics such as
analysis and monitoring, brand management, and marketing strategy appear as well,
but to a lesser extent than the purely digital tools.

The study identified 162 citations of digitalmarketing tools fromnineteen sources.
The trend for a digital marketing toolset is supported by an average of 8.5 cited
tools per source. The developed digital marketing toolkit includes twenty-four tools,
with eleven dominating tools: Affiliate marketing, content marketing, display/online
advertising, e-mail marketing, mobile marketing, online public relations, search
engine advertising (SEA), search engine optimization (SEO), social media, viral
marketing, and the company website are the most cited, analyzed, and discussed
digital marketing tools.

Unfortunately, neither the existing literature nor this literature review succeeded
in providing a sophisticated decision-making tool, which would allow SME to plan,
select, and implement themost appropriate digitalmarketing tools for their individual
market situation. This is considered a major research gap that could arouse interest in
further enquiries. In addition, it could be beneficial to analyze the actual application
of these tools in the Swiss (and other) markets to validate the toolkit. Finally, the
low number of citations around traditional marketing activities (e.g. analysis, brand
management, and strategy) could highlight the need for a combination of traditional
and digital disciplines, which is another potential future research field.

As a first practical step for SME, the digital marketing toolkit will close the
knowledge/expertise gap and provide a basis and guidance to take advantage of
proven digital marketing tools, channels, and platforms in the age of market and
organizational transformations.
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How the Internet of Things Drives
Innovation for the Logistics of the Future

Herbert Ruile

Abstract The Internet of Things (IoT) is considered one of the most important
trends, drivers, and enablers for business transformation. The field of logistics
is affected manifold by this novel trend promising competitive advantages and
growth. This chapter addresses an innovation value chain framework that relates
advanced technology developments to business innovation in the field of logistics.
The proposed framework contributes to clarify the complexitywithin the technology-
driven innovation chain and helps organizations define, discuss, and develop their
own IoT-driven business model. Based on three case studies, the framework is
explained and discussed in terms of its relevance and value for an organization.

Keywords Business transformation · Internet of things · Innovation · Logistics ·
Case study

1 Introduction

Logistics is one of themajor and still growingmarkets in theworld. IMARC, a leading
market research company providing detailed industry analysis, estimates that the
global logistics market reached a value of US$ 1,171 Billion in 2017 [1]. They have
identified three major factors that drive the growth of the global logistics market (a)
the rapidly expanding e-commerce industry, (b) the growing focus on sustainability
and compliance, especially environmental issues and corporate social responsibility
(CSR), and (c) the rise of international trade agreements coupled with an increasing
demand for reverse logistics services. The increasing use of technologies such as
RFID (Radio Frequency Identification), Bluetooth, and newly used technologies such
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as drone delivery and driverless vehicles today increases the chances of efficiently
enhancing logistics and its services.

Due to the constant competitive pressure and the limitation of infrastructure in
industrialized regions logistics is becoming a major bottleneck in the value chains
and requires innovative approaches [2].

Although innovation has become one of the key economic indicators, a guar-
antee of social prosperity and health, the logistics industry still lacks innovation [3].
We distrust this, because we see Schumpeter’s five types of innovations are also
applicable to logistics: product/service and process innovation, demand and supply
innovation, andnew industry structures [4].We seehuge efforts in science and techno-
logical developments that are perceived as prerequisites and key elements for radical
innovation. Since the increased use of technologies in the late 18th century, various
phases of industrialization have followed. At the very least, the introduction and use
of the internet as a commercial platform has radically changed the way of doing busi-
ness: digital networking and autonomous interaction of distant objects, information
and people became possible [5] and has steadily changed the way logistics business
is done.

The latest digital developments offer newopportunities for growing prosperity and
have therefore become popular formajor investments by governments and economies
[3]. These developments are described through a common and least differentiated
use of terms such as “Industry 4.0”, “Internet of Things”, “Cyber Physical Internet”,
“Digital Transformation” or “Digitalization”. The World Economic Forum investi-
gated the impact of digitalization on logistics and identified the overall economic
impact: “$ 1.5 trillion of value on stake for logistics players and a further $2.4 tril-
lion worth of social benefits as a result of digital transformation of the industry up
until 2025” [6]: p. 4.

Based on literature reviews and expert panels, Kersten et al. [7] studied the most
important trends for logistics, which are essentially caused by digitization: digitiza-
tion of business processes, increased transparency in the supply chain, networking,
business analytics, automation and decentralization that give regional and urban
transport platforms a more important role. These trends are still effective [6, 8].

Growing markets, competitive pressure, limited infrastructure, and technological
advances require further innovations in logistics. How does it work? What are the
right approaches and processes that logistics can rely on? What does it mean for
logistics organizations to take advantage of the opportunities offered by advanced
technology?

To provide a contribution to technology-driven innovation in logistics, this chapter
introduces an integrated conceptual framework for IoT-driven innovation value
chains in logistics. It is organized in three sections: (a) description of the fundamental
terms of logistics and IoT, (b) the introduction and explanation of an IoT-driven
innovation framework and (c) the application and discussion of the framework.



How the Internet of Things Drives Innovation for the Logistics … 269

2 Fundamental Terms

2.1 Logistics as the Object of Innovation

More than five decades have passed since business logistics was first scientifically
addressed in the mid-fifties, without finding a satisfactory answer to the question of
the identity of logistics (What is logistics?) [9]. From an academic point of view, the
impetus for the progress of knowledgehas its origins in the discussionof the terms that
describe the object of analysis [10]. From the point of view of management science,
with increasing functions, tasks, and responsibilities in the field of logistics, the
conceptual clarifications and definitions of logistics become increasingly important.
The understanding of logistics in science and practice has developed in recent years.
In the following, empirical-inductive explanatory approaches will be pursued that
take up and summarize concrete problems of logistics practice (see Table 1).

• Logistics is defined as the management of transport, warehousing and trans-
shipments, which covers the functional management, technical, and organiza-
tional design and optimization of transportation, fleet management, warehousing,
handling of materials, order fulfillment, logistics network design, inventory
management, and management of third-party logistics services providers [11].
Logistics can be experienced physically and technically. This view of the industry
is characterized by technical advances in the areas of automation, autonomy,
energy consumption, and pollution.

• Logistics is understood as a contemporary leadership concept for the develop-
ment, design, management, and realization of effective and efficient flows of
objects (goods, services, information, and financing) in the company-wide value-
added system. Logistics links important business functions and business processes
between the point of entry and delivery [9, 11]. Process integration, lean manage-
ment, and IT integration approaches play an important role. The administration
and modern use of master and transaction data of processes, products customers
and/or suppliers in a more or less closed system (e.g. business data warehouse)
will bemanaged via datamining, big data analytics, and deep learning approaches.

Table 1 Perspective of logistics and terms used based on [9]

Terms in use Describes logistics as management of

1 Transport, warehouse, trans-shipment isolated business function

2 Logistics management firm’s integrated flow of material and
information

3 Supply chain management the overarching value chains from supplier to
customer

4 Value creating networks interconnected partners of a value creation
network
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• Logistics as SupplyChainManagement (SCM) represents a further and innovative
development stage. The intra-organizational perspective is replaced by a multi-
tiered value chain with a consistent focus on the ultimate customer requirements
and demand. In essence, supply chain management integrates supply and demand
management within and across companies. SCM is a system approach to viewing
the value-adding channel as a whole [8, 9, 11, 12]. The future of SCM will lie in
its unique agility based on real-time capabilities. Suppliers, manufacturers, and
customers can rely on information and decide on the availability of materials,
capacities, and flexibility.

• Logistic as management of a value-creating network (VCN). This perspective
will replace supply chains with strategic business networks. Sydow [13] defines:
A strategic network is a polycentric form of organization of economic activi-
ties between market and hierarchy, which aims at the realization of competitive
advantages and yet is strategically managed by one or more enterprises. It is char-
acterized by complex reciprocal, rather cooperative than competitive and rela-
tively stable relationships between legally independent, but mostly economically
dependent enterprises.

Younger schools of thought expand the linear SCM approach into a network [14].
The holistic view of value creation networks allows development, design, realiza-
tion, and optimization of economic systems [15]. Networks are characterized by
more or less free and dynamic interaction between those involved: suppliers, service
providers, manufacturers, retailers, customers, consumers, competitors, regulators,
and institutions. With an increasing number of participants and dynamics of reverse
interaction, digital networking creates a highly complex economic system.For further
discussion, we use the general term of logistics but consider all four perspectives.

2.2 Internet of Things

The enabling technology in our investigations is termed the “Internet of Things”,
which goes back to Mark Weiser’s work at the computer science lab at Xerox PARC
where he formulated the ubiquitous computing vision and described a world, where
algorithms are closely embedded in our daily life [16]. Later, in 2009, the term
“Internet of Things” was coined by Kevin Ashton, RFID pioneer and co-founder of
theAuto-ID center at theMassachusetts Institute of Technology [17]. The subsequent
discussion will follow the IoT definition of the International Telecommunication
Union as “the global infrastructure for the information society, enabling advanced
services by interconnecting (physical and virtual) things based on existing and
evolving interoperable information and communication technologies” [18]. “Sensors
and algorithms offer a system of interconnected smart devices, which enable real-
time and intelligent communication from man to machine, machine to machine, and
enterprise to enterprise. The term “thing” with regard to IoT is defined as an object
of the physical world (physical things) or the information world (virtual things),
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which is capable of being identified and integrated into communication networks”
[18]. “With regard to the ‘Internet of Things’, this [device] is a piece of equipment
with the mandatory capabilities of communication and the optional capabilities of
sensing, actuation, data capture, data storage and data processing” [18].

A related term for IoT is “Industry 4.0” which was introduced to the public
at the Hanover Trade Fair in 2011, and presented as part of Germany’s high-tech
strategy [19]. Meanwhile, the 4.0 extension is being used in almost all economic
areas and for all functions to express the significant digitally induced changes that
are expected (e.g. logistics 4.0, government 4.0, health 4.0, etc.). Although the term
was coined in Germany, industry 4.0 shares some commonalities with developments
in other regions where it has been labeled as “Internet of Things” or “Cyber physical
Internet”. The latter terms reflect primarily the technical content and not the resulting
business and social transformation.

Meanwhile, the German term industry 4.0 has become a transitional term for the
broader understanding of digital transformation, which is defined as the digitaliza-
tion of analog machine and service operations, organizational tasks, and manage-
rial processes [20] to create added value for customers and employees [21–23]. Or
in other words: “Digital transformation is the evolving pursuit of innovative and
agile business and operational models—fueled by evolving technologies, processes,
analytics, and talent—to create new value and experiences for customers, employees,
and stakeholders” [21].

Therefore, the terms IoT, digital transformation, and logisticswill be amalgamated
to “logistics 4.0” considering the aspects of IoT driven transformation processes.
Thus, the definition of Logistics 4.0 by Hofmann and Rüsch [24]: p. 25 seems to be
helpful, because it includes the aspect of business model innovation [25, 26]:

• Products, services, infrastructure, and environment are flexibly connected via the
internet or other network applications;

• The digital connectivity enables an automated and self-optimized production of
individual goods and services including the delivery without human interventions;

• The value-creating networks are controlled decentralized while system elements
make autonomous decisions;

• Data-driven, networked business models are transforming industry structures,
organization, the way of collaboration and required roles, skills and capabilities
of network members.

3 IoT Driven Innovation Framework

3.1 IoT Solution Architecture

Because IoT and related business transformation have been defined so far, we propose
an IoT architecture that integrates the definitions and consists of the five building
blocks described below. The IoT architecture becomes an overarching and integrative
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Table 2 IoT solution architecture based on [17, 21]

Layer Descriotion Examples

1 Business application Business process Resource planning; source,
make, and delivery planning,
execution and control (system)

2 Analytics Analysis of data in order to
create usable knowledge

Big data analysis, artificial
intelligence, machine learning

3 Connectivity Data enrichment by integrating
data fro different applications
and sources

Cloud computing, data crawler,
sementic web, block chain

4 Communication network Interoperable information and
communication technologies

LAN/WAN, 5G, TCP/IP

5 Device Equipment with the mandatory
capabilities of communication

Drone, self-driving vehicles

framework that logically connects technologies and organization. The architecture
presented in Table 2 combines a technical IoT architecture [27]with a businessmodel
approach [28].

The IoT architecture consists of five complementary layers that transform tech-
nology building blocks into new business processes and business models. In layer
1–3we rely on the definition of ITU [17]. However, in the ITU definition the business
layers are not considered. Therefore, we added the definition of digital transformation
to create an integrated framework.

• Layer 1 represents devices: front-end technology such as sensors, actuators
and RFID chips, smart computers embedded in mobile devices, or intelligent
autonomous objects (e.g. drones, robots, vehicles, smart stores, smart infrastruc-
ture). Information technology on level 1 creates, stores, processes and transfers
data anytime and anywhere autonomously.

• Layer 2 consists of internal and external communication infrastructures. Networks
that allow collecting, process, and disseminate valuable information, gathered
from distributed devices. The required hardware consists of a secure data network
infrastructure of scalable nodes (access points, storage) and linkages (wired and
wireless).

• Layer 3 represents cloud-enabled services that provide SaaS (Software-as-a-
Service), PaaS (Platform-as-a-Service), IaaS (Infrastructure as a Service), DaaS
(Data-as-a-Service), and more. Layer 3 aggregates the “big data” and makes them
available to create business applications.

• Layer 4 encompasses the business applications. Such an application uses the
available data to simplify and improve existing processes; for instance, block
chain and data analytics can help generate and capture value along the full product
life by ensuring better coordination between all partners.

• Layer 5 defines the application in existing business functions such as purchasing,
logistics, transport, warehousing, and production. The business functions embody
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methods and tools that are used to efficiently fulfill their tasks and responsibilities
(e.g. planning and execution systems, risk management, etc.).

3.2 Integrated Innovation Value Chain Model

Business development, logistics, purchasing, and marketing functions are continu-
ously integrated into new products, services, and business models through the use of
new digital technologies. The transformation of technology into logistic applications
becomes difficult due to the cross-functional character. The objective of the innova-
tion model is to describe the overarching value chain and impact of IoT technology
into business applications in order to enhance existing or create new business models
within firms. The development and availability of IoT technologies is not sufficient to
trigger innovation in products, processes, services, or business models. Technology
has no value in itself. The value of technology comes with the width and depth of
the application. However, how many value-added steps are necessary in between?

Groher and Ruile [29] proposed an integrated innovation system for logistics.
The innovation value chain model describes a stepwise transformation of technology
into business values within a business-to-business environment. They identified the
following four parties across the value chain: research and technology development,
tool development and tool integration, application at logistics service providers, and
value creation on the side of shippers. The innovation value chain model does not
consider the internal transformation: how people in organizations get to know the
tools and how they use them in a specific context to achieve organizational advan-
tage. A prerequisite for the successful use of a new technology and the tool is a
learning-oriented organization [30]. “The adoption of new systems and processes is
likely to improve effectiveness in the delivery of the logistics service. Organizational
learning will also lead to reductions in the costs of transaction that will contribute to
greater effectiveness in the delivery of the logistics service” [31]: p. 71. We integrate
organizational learning into the structured problem-solving cycle [32] to obtain the
IoT-driven value chain.

The integrated innovation value chain model describes a stepwise transformation
of technology into business value (see Fig. 1):

• Step 1: from technology to digital tools. Digital tools are software programs
assisting people in their functional task and responsibility. Software tools for plan-
ning and controlling are well known: transport management system (TMS), ware-
house management systems (WMS), resource/material planning (ERP), customer
and supplier relationship management systems (CRM, SRM), and so on.

• Step 2: from digital tools to learning organization.Management tasks are based on
a structured problem-solving cycle: identify, analyze, find and select a solution,
plan and implement, and finally evaluate. Logistics management is supported by
these advanced tools and should increase efficiency of themanagement processes.

• Step 3: from a learning organization to specific supply chain processes. According
the SC reference model [33], we define the application areas within supply chain
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Fig. 1 Integrated value chain framework for IoT driven innovation in logistics based on [31, 32]

processes: plan, source, make, deliver, and return. Each of the process functions
have developed their own expertise and tools. It is expected that cross-functional
integration and competitive networking enable organizations to adapt and leverage
IoT-Solutions to achieve logistics objectives [34].

• Step 4: from SC processes to the business model. The business model integrates
supply chain management into the overall strategic alignment with the product,
customer, and business improvement model [35]. According to Gassmann [35],
business model innovation is achieved when two or more elements of the business
model have been changed in a coordinated and integrated way. The alignment of
supply chain design and market requirement is well investigated and documented
[36]. Organizations with high SC alignments achieve higher capitalization in the
market.

• Step 5: from the business model to order-winning criteria. Criteria for winning
customer orders are cost, delivery, quality, and flexibility. A tailor-made business
model (product, customer and value chain) is essential to meet the criteria for
winning customer orders [37].

4 Application

The following sections represent three applications using the IoT system description
and the innovation value chain framework. Both elements are necessary to understand
IoT technology and business value to enable innovation. Innovation is understood as
the successful implementation of novelty in the market.

4.1 Case 1: Drive Net

DRIVE net is an IoT-based prototype proposed for a region wide web-based real-
time transportation decision system that adopts digital roadway maps and integrates
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Table 3 Drive net: IoT system

Level 5 Planning transportation for optimized delivery and mobility

Level 4 Travel time estimation and prediction, dynamic routing, incident-induced delay
calculation, statistical analysis

Level 3 Incident tracking system, highway safety information system

Level 2 Satellite server with hardware, software, and data processing tools,
Bluetooth-based travel time detectors

Level 1 Sensors on vehicles, roads, freeway loop sensor, real-time traffic data, tracking data
(GPS)

Table 4 Drive net: innovation value chain

Tool Intelligent transportation system with real-time data collection from
various data sources, data qualification analysis

Learning Support of traffic analysis and decision making for alternative vehicle
routings: sharing, visualizing, modeling, and analyzing transportation
data

Application Optimized real-time delivery planning

Business model Customer: road users (private, business)
Product: traffic information platform
Value chain: data processing from multiple source
Earning: not yet defined

Order winning criteria Road users (private, business, people, and cargo transport): flexibility,
quality (real-time), faster delivery

multiple data sources (e.g., traffic sensors, incidents, accidents, and travel time) [38].
The objective is to improve traffic flow and transportation time.

The application of the case uses a functional understanding of logistics: transport
management (Tables 3 and 4).

4.2 Case 2: Used Car Trade

An exemplary blockchain implementation took place in used car trading in Zurich
[39]. The blockchain is used to create trusted data throughout the life of the car, even
if car owners change over time. A digital Curriculum Vitae (CV) records all vehicle
data in a file. The car importer supplies the new car data for the vehicles, the insurance
company includes proof of insurance, and the Road Traffic Licensing Office takes
care of traffic licensing. Anonymous usage and event data for the vehicle come from a
car-sharing provider. The repair and maintenance services of the workshops are also
recorded on the blockchain in unalterable form. Dealers and buyers receive much
more data than before, and they can still trust the information.
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Table 5 Used car trade: IoT solution

Level 5 Re-selling platform

Level 4 Data collection and history analysis, check of compliancy
Further analysis not defined

Level 3 Blockchain for data collection from insurances, licensing offices, car service
workshops, etc.

Level 2 Bluetooth, public telecom network (4G)

Level 1 Used car identifier, GPS location

Table 6 Used car trade:
innovation value chain

Tool Digital platform, cloud-based control
system

Learning Identification of invisible, undeclared
incidents

Application Support of the sourcing process of the
car buyer

Business model Customer: used car buyers and sellers
(private, business)
Product: transparency
Value chain: data processing from
multiple sources and partners
Earning: pay-per-use, license, member
fee

Order winning criteria Car buyer: quality, transparency and
avoidance of fraud

The composition of this ecosystem is not accidental: it is the smallest survivable
value system. However, the choice of the right partners is key to the survival of this
ecosystem.

The application of the case uses a network understanding of logistics: value-
creating network through efficient information flows between partners (Tables 5 and
6).

4.3 Case 3: Smart Farming

The example of smart farming [40] shows the digital transformation in the primary
economic sector through the creation of networked farms for smart farming [40].
A network of small farmers, urban farmers and gardeners is integrated with their
food or flower production. Production is controlled by multiple sensors (humidity,
temperature, etc.) and actors (water pumping, fertilizer, shadow system, etc.). Moni-
toring and sharing of these data will provide insight into the farming practice and
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Table 7 Smart farming: IoT solution

Level 5 Monitor and control on mobile devices

Level 4 Not yet developed

Level 3 IoT service platform (called Mobius). Each device is registered and allows
machine-to-machine communication

Level 2 Wirelessly connected with the Raspberry-Pi installed with
the &Cube through a ZigBee-based network

Level 1 (a) compound sensor (i.e., temperature, humidity, and CO2),
(b) photosynthetic photon flux density (PPFD) sensor, and
(c) soil moisture sensor
Devices are intake and exhaust fans, an air conditioner, sprinklers, LED lights, a cover
controller and an irrigation and nutrient management system

Table 8 Smart farming: innovation value chain

Tool Expert data base, knowledge management system

Learning Problem identification, scenarios, evaluation of experienced farmers

Application Optimized source and manufacturing process (e.g. which seed and plant
protection to buy, how to care for plants, how to harvest them, etc.)

Business model Customer: (experienced and unexperienced) farmers, industry
Product: expert system
Value chain: data processing from multiple devices and sensors from
various partners
Earning: no clear description (we estimate: platform)

Order winning criteria Quality (in terms of reliability, actuality and scope)

should improve its productivity. The parties estimate that agriculture could be further
developed by using the Internet of Things.

The application of the case uses a network perspective of logistics: a value-creating
network by providing a more effective agriculture for the cultivation of their crops
(Tables 7 and 8).

5 Conclusion

The objective of the chapter was to describe how IoT drives innovation in logistics.
We developed an IoT-driven integrated framework that considers a) the technical
and business architecture and b) an integrated innovation value chain for logistics
application. We applied the frameworks to three IoT cases from the literature.

The application of the framework to the three cases shows commonalities und
differences within the setup of the solution and the value chain. The usage of the
IoT architecture allows a systematic analysis of the technological structure, and the
application of the innovation value chain provides insight into the value added stream
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and the applied business model. We see some commonalities and differences in the
IoT architecture:

• Advanced IoT solutions provide an interconnection of sensors, devices, and value
chain partners by using internet technologies.

• IoT solutions create much more transparency by collecting and analyzing data
from different sources.

• The data collection opens opportunities for expert systems and machine learning
systems.

• Not all of the cases presented have fully completed the IoT architecture. The
missing layers can provide opportunities to add functionalities that can add value
to the overall system.

The application of the innovation value chain framework provides insight into the
following

• Due to the technical structure, the preferred business model is a platform. Plat-
forms are new players across the value chain and provide additional shared
information to optimize the source, create or deliver processes.

• The partners of the platform do not change their business model (transport
company, car dealer, farmer), but they have the opportunity to improve their
operations.

The IoT architecture and the innovation value chain framework provide advan-
tages for a better understanding of the proposed IoT cases. The mutual view of
technology and economy expands our understanding of Logistics 4.0, which is an
amalgam of IoT, industry 4.0 and digital transformation. The framework makes it
possible to identify technical and business opportunities. In order to successfully
implement an IoT-driven radical innovation, we need to experience value adding
networked designs. The framework will help to analyze, design, and evaluate such
technical and economic networks that are closely related.

The framework presented in this chapter is descriptive. The model is able to
analyze, describe, and evaluate (to a certain extent) existing IoT solutions in logistics.
However, the framework is not able to predict future solutions, nor to give advice on
a process for developing innovative solutions.

Nevertheless, the framework was tested in three cases, and requires further valida-
tion and proof in practice. Our future research work will follow the raised questions:
(a) what are the success factors, driving forces, and barriers for building successful
IoT-driven innovations in logistics? (b) how do companies and networks manage
the transitory steps in the cross functional innovation value chain? and (c) how do
companies deal with the growing IoT-driven platform economy that will substitute
their traditional business model?
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Recommendations for Conducting
Service-Dominant Logic Research

Joachim C. F. Ehrenthal, Thomas W. Gruen, and Joerg S. Hofstetter

Abstract In the digital age, companies compete on how well their service meets
customer needs and solves customer problems, interacting with ever more actors
to fulfill their promise. A well-suited mid-range theory to conduct research in this
“new” world is service-dominant (S-D) logic. However, there are no guidelines or
a commonly agreed framework for systematically conducting S-D logic research.
To fill this gap, this chapter reviews and analyzes the use of S-D logic in research.
It provides recommendations for conducting S-D logic in research and proposes an
organizing framework for applied research settings and beyond.

Keywords Service-dominant logic · Literature review ·Value co-creation · Service

1 Introduction

Recently, a major shift in business towards service-driven business models and value
co-creation in networks was proposed, and termed service-dominant (S-D) logic [1].
It transcends the linear goods-dominant (G-D) logic of value production with value
co-creation through exchange of service [1], thus reflecting the ongoing change in
the business world towards digitally enabled service provisioning, and multi-actor
service ecosystems [2].
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Real-life examples of this shift towards S-D logic include: iRobot cleaning robots
that provide the service of a “clean household”; Bayer Crop Science that guarantee
successful harvests to farmers through remotemanagement of the entire farming pro-
cess (rather than selling seeds, fertilizers, pesticides, and analytics); Risch Shoes that
use digital twins to offer the service of “perfect fit shoes” (in cooperation with retail-
ers); or Klara, a free-to-use integration service that connects customers to accounting,
payroll, and other business services, as well as Amazon cloud services (infrastructure
and software-as-a-service).

S-D logic was quickly adopted throughout the world of marketing and services
research, and also many related research domains, such as supply chain and infor-
mation systems (e.g. through the IBM Almaden Research Center), leading to a body
of research of several thousand articles (see Sect. 4.1).

This rapid spreading has led to a cluttered and unstructured research landscape,
with no clear guidance on how to use S-D logic in research.

To alleviate this issue, this research comprehensively analyzes the use of S-D
logic in research and derives recommendations on how to conduct research using
S-D logic. It also finds evidence that the previous lack of methodological foundation
has fostered the development of an increasingly unstructured research landscape.

This chapter extends previous reviews on S-D logic and its impact on thought
[2–5]. Examining over 1,700 publications, this work provides evidence for the dis-
semination and institutionalization of S-D logic and from this distinction reveals
good practices for using S-D logic in different research settings.

The remainder of this chapter is organized in four sections. First, a brief primer on
S-D logic is provided. Second, the details of the review methodology are presented.
Third, the results of the review are presented and discussed. Fourth, recommendations
for conducting research using S-D logic are derived.

2 A Primer on Service-Dominant Logic

In their seminal article, and with later extensions, Vargo and Lusch [1, 6] propose a
service-based (S-D) logic for economic exchange and business based on value co-
creation in service networks. Their work is based on observations of the changes in
the predominant thought in economics, research, and business over the past century.

The S-D logic views value as being co-created by the reciprocal application of
operant resources (knowledge and skills) by resource integrators (“actors”) and their
networks (e.g. a firm and its suppliers) to the benefit of a receiving entity (e.g.
a customer). What they exchange is not “tangible goods and intangible services”,
but “service”, i.e. solutions to problems, sometimes using products as distribution
mechanism, sometimes as indirect exchange with currency. Value is defined by the
recipient (e.g. customer) in the context and the application (value-in-use). S-D logic
defines value as a co-creational, continuous flowof relational interactions in networks
of actors integrating resources into their networks to co-create a desired service,
eventually forming ecosystems of service offerings and exchange [7, 8].
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Fig. 1 An overview of “service-to-service-exchange view of value co-creation” S-D logic (own
illustration, extended from [9, p. 10])

Figure 1 summarizes the S-D logic “service-for-service-exchange view of value
co-creation”, in which actors integrate their value-network resources to co-create
value through exchange of service in their respective ecosystems.

S-D logic transcends the (neoclassical) goods-dominant (G-D) logic, which is
based on the ideas of the first industrial revolution. In the G-D logic, value is built
up unidirectionally in a product by the production process, stored in the product, and
the predetermined utility level (i.e. value as shown in the price) is released to the
product’s consumption, where value creation ceases [2].

S-D logic argues that instead of a consumptive goal, goods are bought to solve
problems by providing various types of service (e.g. warmth from clothing, cloud
servers for ubiquitous computing), that goods and services carry a wide range of
intangible goods (e.g. image, meaning); and that they are inputs for experiences
and parts of applications in a broader context that leads to a transformative, higher-
level representation of a co-creational, network-based approach to business based on
service-for-service-exchange. Within this, “service” represents the reciprocal appli-
cation of operant resources (knowledge and skills) for the benefit of some actor
[10].1

S-D logic is operationalized in foundational premises (FP), which in turn are sim-
plified into axioms, with axiom1 consisting of FP1-5, axiom2 of FP6-8, axiom3
and axiom4 of FP9 and FP10 respectively. Later, an axiom5/FP11 was added
(“value cocreation is coordinated through actor-generated institutions and institu-
tional arrangements”), which is not part of this review. Table 1 lists the FPs of S-D
logic as stated in Vargo and Lusch [6].

1Please note that “service” thus differs from G-D “services”, i.e. intangible goods.
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Table 1 Foundational premises of S-D logic based on [6, p. 7]

Foundational premises of service-dominant logic

FP 1 Service is the fundamental basis of exchange

FP 2 Indirect exchange masks the fundamental basis of exchange

FP 3 Goods are a distribution mechanism for service provision

FP 4 Operant resources are the fundamental source of competitive advantage

FP 5 All economies are service economies

FP 6 The customer is always a co-creator of value

FP 7 The enterprise cannot deliver value, only value propositions

FP 8 A service-centered view is inherently customer-oriented and relational

FP 9 All social and economic actors are resource integrators

FP 10 Value is always uniquely and phenomenologically determined by the beneficiary

3 Review Methodology

To uncover and organize the use of S-D logic in research, this study builds on the
validity schema of Brinberg and McGrath [11]. Thus, it investigates the use of S-
D logic research with respect to the conceptual, methodological and substantive
domains. The conceptual domain concerns theory, i.e. conceptual causes and their
relationships providing the building blocks for a theory or model (the focus of this
chapter). The substantive domain describes the real-world phenomena under investi-
gation. Themethodological domain concerns the rigor of an investigation, including
research design, data gathering/generation, and analysis and inference. Together,
these three domains provide an organizing structure for different paths to scholarly
progress, and thus form the basis of this investigation.

3.1 Data Gathering and Selection

This review examines publications that cite either the seminal article by Vargo and
Lusch [1] or their [6] clarification paper2 at least one of these two articles, and a period
of four years after the latter article’s publication, which offers an observation period
without apparent structural breaks or turning points, leading to stable, analyzable
results (see below).

The process of publication retrieval was structured as follows: (1) Google Scholar
listing of research citing at least one of the two seminal articles on S-D logic3; (2) full

2Preliminarily trials of full-text searches in academic databases on S-D logic and its concepts,
such as “value-in-use” yielded the insight that the identified research consistently cited the seminal
papers, hence the approach of citation analysis.
3Please note that Google Scholar was used as the leading system and academic databases were
accessed consecutively for article retrieval. We found no other database that covered all and “early”
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text retrieval for each search result; (3) duplicate entry removal; (4) elimination of
search results with “phantom citations”, i.e. articles, which Google Scholar retrieved
but did not contain a cite to either seminal piece; (5) removing all non-English and
non-available publications to ensure consistent coding; (6) removing conference and
working papers that were subsequently published in journals; (7) coding (which
is outlined in the following section). To ensure data quality, the analysis process
followed a consistent four-eye policy (the lead author and one research associate).

3.2 Coding of Publication Contents

For coding, each publication was analyzed and catalogued according to the follow-
ing. The conceptual domain is coded based on foundational premises (FPx). Each
publication was classified with respect to the foundational premise(s) it addressed. If
there was no specific reference to a FP, but only a reference to either seminal paper,
this was classified as not referencing to any FP. For the development of the concep-
tual domain, we distinguish between publications that use S-D logic in the following
ways: dissemination (mentioning, acknowledging, supporting S-D logic), and insti-
tutionalization (applying, extending or testing S-D logic). This distinction became
necessary because a large number of publications under review cite S-D logic only
to get some kind of inspiration from it (dissemination), while a significantly smaller
number of publications actually use and extend S-D logic. Table 2 summarizes the
classification of the conceptual domain.

Classifying the substantive domain, this review uses the set of thewell-established
business research areas outlined by Grewal and Levy [12] (e.g. marketing, services,
supply chain, information systems, etc.). For the classification of themethodological
domain, this review builds on the methods analyzed in Brown and Dant’s [13] review
of scientificmethods in research (qualitative, structural equationmodeling, analytical

Table 2 Overview of the classification of the conceptual domain in this research

Indicator of Classification Explanation

Dissemination Mentioning A tangential reference to S-D logic

Acknowledging Referencing to an element of S-D logic, e.g.
“co-creation”

Supporting A statement of usefulness on S-D logic

Institutionalization Applying Applying S-D logic to a problem, industry or research
field

Extending Specific proposal to extend S-D logic

Testing Testing of S-D logic or related idea, e.g. quantitatively

modes of scholarly communication (such as books and conferences), which is necessary in nascent
field reviews as this.
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modeling, etc.). In addition, we classified each publication according to research
type, i.e. whether it is conceptual, qualitative, or quantitative in nature. Furthermore,
publication demographics (authors, journal, lead author institution, etc.) were coded
to capture a complete picture of the structure of the publication set.

4 Review Results

The following sections describe the body of reviewed publications and give a synthe-
sis of the conceptual, substantive, and methodological domain of current S-D logic
research. The remainder of this review refers to the body of reviewed publications as
the “set”, the findings related to the recommendations are labeled “fx” (e.g. finding
f1) to be able to link findings to recommendations.

4.1 Description of the Set

For the analysis, we identified 3,830 publications. Out of these, 268 could not be
retrieved (dead links), 498 were double entries, and 34 were “phantom citations”.
This left a total of 3,030 remaining citations. A total of 346 non-English publications
were eliminated, as well as 955 non-available publications (lack of access rights and
no response from the authors to provide the publication). In addition, the conference
papers that had been subsequently published in journals were removed from the set
as to prevent duplicates. This yielded a set of 1,724 publications for analysis, 56.90%
of the 3,030 remaining citations, making it likely to capture the major developments
in S-D logic research.

Themajority of publications are journal articles (65.26%).Other publication types
include conference papers (18.56%), as well as working papers and books/edited
volumes, and doctoral dissertations (combined 16.18%). Thus, the data stems from
various sources of scholarly communications, with a nucleus on journal publications,
and reflects the broad scholarly attention to S-D logic.

Overall, the publications include articles from 393 journals. Of these journals, 136
journals are specific to marketing and services (35%), whereas the other 257 journals
display a wide variety of foci (65%), but mostly management, operations, as well as
information systems, and technology. Hence, the review captures developments on
S-D logic published in different research fields.

In respect to the geographical distribution of publications, the set shows the fol-
lowing structure: 49.21% of the publications have a lead author from an institution
based in Europe, followed by 30.42% of lead authors from an institution in North
America, and 18.15% from Asia and Oceania. The most prolific five countries, as
measured by the location of the lead author’s institution, are the USA (27.96%),
the UK (13.34%), and Australia (7.31%), followed by Sweden (7.13%), and Fin-
land (6.55%). Note that Scandinavian countries account for 17.05% of publications
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in the set, which meets expectations with their well-known focus on services mar-
keting. Despite an expected predominance of countries with English as their native
language (54.64%) in addition to a predominance of European countries (49.19%)
the set reflects international development in S-D logic research.

The review identified more than 1,200 unique authors, i.e. the publication base
of researchers covered by the set is very broad. In line with our expectations, the
originators of S-D logic—Stephen L. Vargo and Robert F. Lusch—are among the
top contributors in the set. However, with a combined 4.42%, they account for a low
percentage of publications in the set, which signals a broad interest in this field. The
most prolific authors in the set are senior researchers, who are well respected in their
fields.

Overall, the set of 1,724 publications is diverse. It covers multiple types of schol-
arly communication, and covers various research areas, geographical regions, coun-
tries, and research institutions (including private business research such as IBM),
and exhibits a broad author base.

4.2 The Conceptual Domain of the Set

This section investigates the prevalent conceptual domain of S-D logic research as
operationalized in the foundational premises (FP).

About two-thirds (65.31%) of the publications examined specifically refer to a
Foundational Premise (FP). Out of these, nearly half of them reference to the co-
creation of value (FP6, 34.72%), which is by far the most referenced FP. After FP6,
the second most referenced is FP4 with 12.87%, which addresses operant resources
and competitive advantage. Third in line is FP1, which states that service is the
fundamental basis of exchange, and is used by 11.50%. FPs 6, 4 and 1 account for
about 60% of S-D logic research. The use of all other FPs ranges between 4.16%
(FP2) and 8.21% (FP3). Note that a single publication may address multiple FPs.

However, only a minority of publications using S-D logic is concerned with its
institutionalization. The classification of dissemination (mentioning, acknowledg-
ing, supporting) that gives specific reference to FPs accounts for 70% of all S-D
logic research. The institutionalization classification (applying, extending, testing)
accounts for 30%of S-D logic research (finding f1). This 70:30 ratio of dissemination
to institutionalization ratio is stable across all substantive domains (±3%). Based on
our research, it can be argued that this wide dissemination versus institutionaliza-
tion ratio appears be one of the root causes of the unstructured landscape of S-D
logic research (“many citations”, apparent in the use indicators of dissemination, but
“limited progress”, apparent from institutionalization).

While most dissemination-related publications are based only around the most
frequently mentioned FPs (6, 4, and 1), the institutionalization-related publications
of S-D logic give all FPs a more balanced attention (finding f2). Table 3 shows the
frequencies of the FPs used with respect to the dissemination and institutionalization
of S-D logic research for those publications giving special reference to FPs.



288 J. C. F. Ehrenthal et al.

Ta
bl
e
3

A
n
ov
er
vi
ew

of
th
e
di
ss
em

in
at
io
n
an
d
in
st
itu

tio
na
liz

at
io
n
of

S-
D
lo
gi
c

U
se

of
S-
D
lo
gi
c

FP
1

FP
2

FP
3

FP
4

FP
5

FP
6

FP
7

FP
8

FP
9

FP
10

D
is
se
m
in
at
io
n

M
en
tio

ni
ng

19
3

10
9

4
32

5
6

5
4

A
ck
no
w
le
dg
in
g

56
13

28
47

11
23
4

21
12

11
21

Su
pp
or
tin

g
68

27
56

10
8

26
25
1

56
37

41
41

D
is
se
m
in
at
io
n
(%

)
48

39
44

47
36

57
39

38
40

43

In
st
itu

tio
na
liz

at
io
n

A
pp
ly
in
g

10
9

37
78

13
0

43
30
4

77
56

50
53

E
xt
en
di
ng

40
26

38
42

26
68

42
28

31
30

Te
st
in
g

9
3

5
11

4
20

7
5

5
6

In
st
itu

tio
na
liz

at
io
n
(%

)
52

61
56

53
64

43
61

62
60

57



Recommendations for Conducting Service-Dominant Logic Research 289

Publications mentioning and acknowledging S-D logic heavily refer to FPs 1
and 6. In the dissemination category “supporting” and the institutionalization cate-
gories, other FPs become more common. In addition, we see a linear relationship
in institutionalization—nearly the same percentage in the categories of testing from
extending from applying across all FPs. The role of FP6 provides great interest: in
terms of the percentage of its use, it is the lowest of institutionalization versus dis-
semination. However, in absolute terms, it provides the largest number of studies
that show institutionalization of S-D logic. It is also noteworthy that FP6 stands out
in testing, indicating that FP6 may be key to why and how S-D logic is becoming
institutionalized through empirical research. A possible explanation would be that
FP6, co-creation, has been used and discussed in research streams that existed prior
to or in parallel with the formal introduction of S-D logic, but that S-D logic provides
context and language for co-creation to become universally discussed, and thus takes
a pivotal role in both dissemination and institutionalization of S-D logic (finding f3).

Over time, dissemination publications show no clear path of development with
the exception of the rise of FP6. The ratios between the FPs used over time changes,
i.e. FPs seem to be cited on an as-needed basis. In sharp contrast, institutionalization
publications show a stable use of FPs over time (addendum to finding f2). The ratios
in the use of FPs among each other show no significant change, with the exception
of the change due to the introduction of FP9 and FP10 in 2008. In addition, the
clear distinction between dissemination and institutionalization in the main areas
and regions is stable, i.e. research into the application of S-D logic to operations
research in Asia is very similar in relation to the use of FP as is research in marketing
science from North America. The same applies to research exhibiting dissemina-
tion indicators. Similarly, while FP6 increases over time in both dissemination and
institutionalization publications, the rise of FP6 accelerates faster in dissemination
publications than in institutionalization publications, hinting at different motivations
to reference this specific FP in dissemination and institutionalization.

When analyzing the entire set, about 35% do not mention a reference to a specific
FP, but generically cite S-D logic. In addition, about 35% of publications reference
only a single FP and about 15% use two FPs. Publications that exhibit the dissem-
ination indicators tend to use fewer FPs than publications with institutionalization
indicators. Generally, research concerned with institutionalization of S-D logic uses
S-D logic as a whole and not just one or more of its parts (finding f4). This finding
applies to all areas and geographies investigated, and is time consistent. The use of
three or more FPs is much less frequent with only about 15% of the total. Table 4
illustrates the concentration of S-D logic publications on few FPs.

With respect to the absolute number of combinations of FPs, the analysis revealed
the following: First, S-D logic research connects FP6 and FP4 (262 instances), i.e.
the customer as co-creator of value with operant sources as the fundamental source
of competitive advantage. Second, FP6 is frequently used in combination with FP1
(209), FP3 (180), FP9 (132), and FP8 (131). S-D logic research therefore combines
these FPs to an argument string: Value creation is an interaction where resources are
used to exchange service for service (which may be stored in physical goods) in a
multi-actor setting in which value is determined by the beneficiary. Similarly, FP1



290 J. C. F. Ehrenthal et al.

Table 4 Frequency of the use of foundational premises in S-D logic research

Number of
FPs used

Instances
absolute

Percentage of
total (%)

Thereof
dissemination (%)

Thereof
institutionalization
(%)

1 600 34.80 70.17 29.83

0 598 34.69 94.15 5.85

2 263 15.26 61.22 38.78

3 97 5.63 45.36 54.64

10 66 3.83 27.27 72.73

4 43 2.49 25.58 74.42

8 25 1.45 56.00 44.00

5 22 1.28 13.64 86.36

6 5 0.29 40.00 60.00

7 3 0.17 33.33 66.76

9 2 0.12 0.00 100.00

is often connected to FP4 (156) and FP3 (142), which leads to the conclusion that
S-D logic research has evolved primarily around value, its creation and distribution
(addendum to finding f3). FPs 7, 8, 9, and 10 exhibit fewer instances of combinations,
which may indicate that they may have been less relevant in S-D logic research. It
is important to keep in mind that FP9 and FP10 were introduced later than FP1-8.
Table 5 shows the combinations of FPs used in S-D logic research. Note that the
main diagonal shows the sum of a FP being referred to in isolation.

Looking at the entire set of publications, some trends emerge that entail potential
paths for the development of S-D logic. Relatively few publications have aimed to
extendS-D logic or provide some sort of test usingS-D logic (finding f5).Basedon the
classification of this review, the bulk of the articles either supports S-D logic (provide
a statement regarding the usefulness of S-D logic to their intended contribution), or
applies S-D logic to a problem or industry, or deals with the development of S-D
logic itself (finding f6). The latter is the situation in which the potential for the further
development and institutionalization of S-D logic may lie. In addition, most studies
do not refer to how the application of S-D logic led to different predictions/outcomes
compared to the G-D logic, making it hard to see directly whether and how S-D
logic was used to innovate and overcome G-D limitations, which is what a new logic
should do (finding f7).

4.3 The Substantive Domain of the Set

This section investigates the substantive domain of the set, i.e. in which fields S-D
logic has been used.Most prominently, S-D logic has received attention in the area of
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marketing (76.80%), which includes services marketing. In non-marketing research
areas, researchers have recently adopted S-D logic. S-D logic has gained attention
in the fields of management, technology and operations, lagged and consecutive.

Analyzing the substantive domain of the set with respect to the use of FPs (i.e. with
the conceptual domain) yields further insights, as presented in Table 6.Marketing and
services research show the more substantial use of all FPs, with FP6 (co-creation)
being the most frequently addressed, followed by FP1 and FP4. In management,
information technology and operations research, research is most often related to
FP6.Whilemanagement research exhibits a broad use of the FPs, operations research
shows the most balanced interest of higher to lower FPs. The developments in the
substantive subdomains show that S-D logic is used particularly in research settings
that are related to (1) service, (2) innovation/creation, (3) interaction/relation, (4)
and networks of actors. Overall, the dissemination of S-D logic research throughout
various content areas increases significantly over time, while its institutionalization
lags behind, which is consistent with expectations of introducing novel ideas to
research.

To further address the goal of understanding the usage of S-D logic and the degree
of dissemination versus institutionalization, we compared the relative use of FP1
and FP6 in marketing versus other fields. As the number of publications outside of
marketing is comparatively small, we combined the four groups shown in Table 6 into
a single group for a meaningful analysis. Table 7 compares the instances of FP1 and
FP6 in “marketing & services” and “combined other fields”. Note that the similarity
of percentage of use of FP1 and FP6 suggests that the degree of dissemination and
institutionalization is similar in marketing and all other fields (addendum to finding
f3). Given the amount of overall attention of S-D logic in “marketing& services”, one
might hypothesize that it would be more institutionalized in “marketing & services”
versus the combined other fields, but these findings would not provide evidence to
support this assumption: Marketing is not necessarily “ahead” of other fields in S-D
logic usage.

In addition, we find that all substantive domains in the set display two similar
problems: One is conducting S-D logic research while using established, G-D logic,
terminology and lexica (e.g. using terms like “end-consumers”), whichmeans risking
a “mental relapse” and G-D logic outcomes to S-D logic inspired research and hence
falling short of its full potential (finding f8). The other is that only few studies directly
address what phenomena or new aspects S-D logic helped to uncover, making it hard
to gauge the value of S-D logic to existing and established fields and lines of thought
(finding f9).

4.4 The Methodological Domain of S-D Logic Research

This section explores the nature of the research conducted in our set, the data sources,
and the inferential tools used in analysis.
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Table 7 Comparison of the use of FP1 and FP6 in the substantive domain of S-D logic research

Domain FP1 Percentage (%) FP6 Percentage (%)

Marketing and services 242 78.3 710 78.1

Combined other 59 21.7 199 21.9

Total 301 100.0 909 100.0

Table 8 An overview of the types of research that incorporate S-D logic

Type of research Absolute Percentage (%) Thereof FP1 (%) Thereof FP6 (%)

Conceptual 1051 60.96 20.84 51.95

Qualitative 385 22.33 13.77 56.36

Quantitative 288 16.71 10.07 50.69

S-D logic research is dominated by conceptual publications that indicate that S-
D logic is used for innovating or reconsidering research domains rather than testing
hypotheses (finding f10). In detail, more than 60%of S-D logic research is conceptual
in nature,while 22%of the publications that includeS-D logic also contain qualitative
analyses, and the remaining 18% focus on quantitative research (mostly using various
types of regression models or analytical modeling). 53% of the research relies on
secondary data, 28% does not use any substantial data, the remainder uses industry,
customer, and employee surveys as data. A common shortcoming in current methods
used in S-D logic research lies in reporting: Methodological challenges overcome
by S-D logic or innovative approaches to hypotheses testing inspired by S-D logic,
are rarely reported (finding f11).

Table 8 shows the distribution of research approaches using S-D logic, followed
by the usage of FP1 and FP6 by each of the three categories. The data highlights
that all three categories (conceptual, qualitative, and quantitative) reference FP6
more than half of the time, showing a clear focus on value co-creation. However,
FP1 is referenced in more than 20% of the conceptual studies, while only 14% in
qualitative and 10% in quantitative studies. This suggests that the institutionalization
of S-D logic is being carried in conceptual research through FP1, and in empirical
research through testing FP6 (finding f12).

5 Recommendations

The purpose of this chapter has been to understand the use of S-D logic in research
in order to maximize its potential for scholarly discovery and application in business
and teaching.

The literature review offers four key contributions: (1) It finds that current S-D
logic research falls into twobroad categorieswith a 70:30 split: dissemination (merely
talking about S-D logic) and institutionalization (actually using S-D logic). (2) It
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provides evidence that the dissemination-related type of research has obscured the
contributions of institutionalization-related type of research with its sheer mass. (3)
It revealed that while the most frequently referenced principle “co-creation of value”
(FP6) is the driver of S-D logic, dissemination and empirical institutionalization, and
the principle “service exchange” (FP1) is the driver of conceptual institutionalization.
(4) It showed that S-D logic is primarily used as an accelerator of conceptual thought.
Furthermore, it provides evidence that these four key findings are consistent over
time, research domains, and geographies.

Based on the review results, and to guide future research and advancements in S-D
logic, we propose a contextual and goal-oriented structuring framework for further
research using S-D logic. We derive this framework from the patterns identified
in institutionalization-type research (finding f1) as well as from the shortcomings
identified in the review (f2-12), and combine these insights with the logical baseline
research approach of contrasting the S-D and G-D logic (“changing views”). The
relations of the framework to our findings are noted with “fx”). The framework with
recommendations is presented in Table 9.

This proposed structure results in numerous targeted applications of S-D logic
research, for example: (1) compare G-D logic and S-D logic and see whether out-
comes are different. This applies to both conceptual and explorative research as well
as hypothesis-driven research (G-D logic prediction versus S-D logic prediction) and
analytical modeling (actors behaving according to G-D or S-D logic); (2) investigate
what kind of new methods are adopted in S-D logic research and/or (3) what kind
of barriers in S-D logic research needs to be overcome, and (4) whether it facilitated
theory development elsewhere and how. Future research needs to argue specifically
for the use of S-D logic, and to report its specific contribution(s) to the conceptual,
substantive andmethodological domains, while editors and reviewers need to prevent
pure dissemination-related research.

By proposing future research orientations, we hope to clarify the best possible
use of S-D logic research given specific research settings, context and goals. We also
hope that this framework may be used in applied research projects where business
models change from the provision of goods and services to digitally enabled services
(“solution propositions”) or co-creation (“customization”). Similarly, the presented
framework should be tested, refined and extended, maybe also for use in classroom
settings, i.e. to investigate case studies rooted in G-D logic to be transferred to S-D
logic as a task for students (“what happens to processes and businessmodel if product
X becomes service Y”).

Future research may build on this chapter to (a) analyze in more detail how, why
and to what effect researchers use S-D logic, (b) how S-D logic research should
be reviewed in order to ensure rigor, and (c) which S-D logic tools facilitate and
accelerate the application of S-D logic in business practice.
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Table 9 Structuring framework for conducting research using S-D logic

Research goal Applying Extending Testing

Specific goal Applying S-D logic
to some phenomenon

Extending some
theory, concept,
method

Testing some theory,
concept, method

Research type Conceptual Conceptual/empirical Empirical

Grounding in S-D
logic

Transcending of
phenomenon into
S-D logic, using all
FPs, pronouncing
FPs as needed,
potentially starting
with FP6 (f2, f3)

Identify and
overcome G-D
boundaries by
applying S-D logic,
using all FPs,
pronouncing FPs as
needed, with special
relation to FP1 (f2,
f12)

Holistic framing of
the issue using all
FPs, pronouncing
FPs as needed (f2)

Basic approach Contrast G-D to S-D
logic in order to
envision, explicate,
relate, and debate the
phenomenon as per
the delta identified
(f10)

Contrast G-D logic to
S-D logic in order to
identify and
overcome existing
shortcomings (f10)

Contrast G-D logic to
S-D logic to derive
competing, testable
hypotheses to judge
which leads to more
accurate predictions
(f5)

Terminology Define the minimal S-D logic terminology and vocabulary necessary
(f8)
Explicitly state the core contribution/value of using S-D logic (f6)

Substantive impact What phenomena or new aspects did S-D logic uncover/explain and
how? (f6)
What are implications of S-D logic and to whom do they make a
difference? (f6)

Conceptual impact How is S-D logic related to/different from the existing logic? (f7, f9)
Does S-D logic lead to different predictions/outcomes and how? (f7,
f9)
How are constructs changed when using S-D logic? (f7, f9)

Methodological
impact

What methodological challenges does S-D logic help overcome and
how? (f11)
How does S-D logic change the way that research is conducted? (f11)
How does S-D logic enable generalizable methodological advances?
(f11, f5)

S-D logic impact How does the research advance S-D logic itself (f1, f6)?
How does thought and behavior change as a result of using S-D logic?
(f9)
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Blockchain Technologies Towards Data
Privacy—Hyperledger Sawtooth as Unit
of Analysis

Pascal Moriggl, Petra Maria Asprion, and Bettina Schneider

Abstract For digital business models data is the most crucial asset—this calls
for increased awareness of appropriate privacy protection measures. The Euro-
pean Union General Data Protection Regulation is a consequence that followed the
discussions and now forces organizations to ensure that their information ecosys-
tems comply with the law. There is currently an emerging trend to apply blockchain
technologies to business models that rely on data exchange, because the technology
promises to make a centralized data authority redundant. We have taken this as
the purpose for our efforts to provide insights that will help decision-makers select a
suitable blockchain configuration that complies with data privacy regulatory require-
ments. By applying design science, we created a morphological box along with a
grid, serving as a ‘data privacy assessment tool’ for the blockchain configuration
Hyperledger Sawtooth. The research results can potentially be generalized to assess
any other blockchain configuration.

Keywords Blockchain · Data privacy · Information security · Distributed ledger ·
Hyperledger Sawtooth · Information ecosystem (IES)

1 Introduction

There is a growing interest in the fields of blockchain technologies and data privacy,
which is reflected in an increasing number of publications. We analyzed rele-
vant databases (Scopus, Web of Science, and IEEE Xplore) with the result that
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in September 2019 Scopus showed 512 hits, Web of Science resulted in 398 hits and
in IEEE Xplore 54 hits were returned; in comparison, in 2015 the identical keyword
search in Scopus, Web of Science and IEEE Xplore led to only one hit.

Applicable since 2018, the European Union (EU)General Data Protection Regu-
lation (GDPR) is a strong driver for researchers and practitioners to evaluate the
impact of privacy regulations on an information ecosystem (IES) or on business
processes. Over the past decade, blockchain, as an emerging technology with various
configurations (e.g., Bitcoin, Ethereum, and Hyperledger) and with high disruptive
potential, has enabled new opportunities to design and execute business processes;
this is especially relevant for processes that involve a variety of IESs and associated
stakeholders.Although there are some research activities that use blockchain configu-
rations to ensure data privacy in IESs [1–3], there is no standardized assessment avail-
able that helps evaluate and compare different possible blockchain configurations for
their suitability regarding data privacy capabilities.

One explanation for this lack of research interest might be the circumstance that
under certain conditions, data privacy issues can be circumvented for blockchain
applications. First, the problem of data privacy can be “outsourced” and therefore
classified as not relevant because personal data could theoretically be encrypted and
pseudonymized outside the blockchain (off-chain); with this approach, personal data
processing risks and data privacy requirements can be by-passed for any blockchain-
based solution. Another way to avoid data privacy issues is to store only hashes or
checksums of the personal data on-chain. In addition, any personal data could be
encrypted in order to hinder other network participants without a valid private key to
see the content.However,with regard to encryption in general, it needs to be discussed
whether it will withstand future advancements in technologies that potentially could
decrypt its content [4].

Despite these avoidance strategies, the storing and processing of private sensitive
data in blockchain configurations occurs in practice and we consider data privacy
as highly relevant for our society, driving us to advance this unresolved research
issue. Therefore, the goal of this study is to design a conceptual assessment—a
morphological box along with an assessment grid—that allows the comparison of
blockchain configurations basedon their data privacy capabilities. Themorphological
box and particularly the grid provide a starting point for further discussions and
refinements that could lead to a standardized framework for assessing data privacy in
a blockchain-based IES. Target audiences are both researchers and decision-makers
in organizations that analyze or plan to establish blockchain-based solutions.

This study follows a design-based research approach [5]. First, according to [5]
the existing knowledge around data privacy and blockchain solutions is analyzed,
condensed, and used to scope this research. Second, the design process is outlined,
starting with elaborating blockchain- and privacy-related characteristics to include
in our morphological box. This leads to the foundational artifact, an assessment grid,
evaluated by applying it to a dedicated blockchain configuration. The artifact makes
use of the morphological analysis, a general method for non-quantifiedmodeling [6].
The development of the morphological grid follows privacy audit criteria for IESs
[7, 8] adapted to be used for blockchain-based solutions dealing with private data.
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Fig. 1 Research domain resulting in a morphological box

Figure 1 shows (1) our research domain synthesis, a “Generic Distributed Ledger”
with its three abstraction layers, related characteristics/attributes (left box) and (2)
the elements from one “Detailed Blockchain Concept” (right box). We selected an
exemplaryHyperledger Sawtooth, and (3) in the center of Fig. 1, the specific elements
that are relevant to design our desired artifact—the morphological box (the triad
and related arrows). The characters marked in grey in the left box set the artifact
boundaries, whereas the ones marked in grey in the right box set its content.

The remainder of this contribution is structured as follows. The foundations of
our research—data privacy and blockchain—are elaborated in Sect. 2. In Sect. 3,
we discuss the characteristics forming the morphological box; as baseline, we use
blockchain and data privacy characteristics to discuss relevant attributes. These
include the application of the morphological box to highlight how Hyperledger
Sawtooth fulfills data privacy requirements at the technical level. The contribution
concludes in Sect. 4 with a short summary of the practicability and further research
opportunities in the field of technical data privacy characteristics.

2 Foundation

The foundation section covers data privacy andblockchain as central units of analysis.
It elaborates firstly the concept of data privacy and highlights its increasing relevance
in digitalized IESs. Secondly, relevant essentials of blockchain will be introduced
that allow demarcating the boundaries of this research.
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2.1 Data Privacy

Historically, in the EU, privacy is regarded as a fundamental individual right and
a social value; it can be described as “the right to private life, to be autonomous,
in control of information about yourself, to be let alone” [9]. In an increasingly
digitalized world, it has become common that plenty of data about individuals are
created and processed electronically [10]. Therefore, privacy must be considered and
established with particular care. According to a study by the Swiss Federal Office
for Statistics, 87% of EU residents living in the most advanced countries in terms of
digitization provide personal data of various kinds via the Internet [11, 12]. Serious
data breaches—such as the scandal of Cambridge Analytica, a British company,
which had harvested data from up to 87 million Facebook users without their explicit
consent [13]—have revealed the importance ofmonitoring the processing of personal
data. The EU had anticipated this requirement and responded with GDPR, which
became applicable on 25 May 2018. This regulation, aiming towards protecting
natural persons and their data (GDPR, Article 1), unfolds extraterritorial effects;
it refers to any data processing related to individuals who are in an EU member
state—irrespective whether or not the data processing itself takes place in the EU
[14]. Consequently, thismeans every organization, across all industries and locations,
except non-EU countries without EU trade relationships, must verify whether it is
affected and is required to comply with GDPR [9]. As a very special case, non-EU
organizations, such as higher education institutions must also consider GDPR [15].
As the new regulation not only replaces but also updates the preceding EU Data
Protection Act (DPA) from 1998, several new elements have been introduced. An
example is the mandatory data protection impact assessment, “a process to manage
risks related to the processing of personal data by assessing and mitigating such
information” [16].

In addition, the GDPR leads to a close link between data protection and informa-
tion security. GDPR Article 32 explicitly obliges organizations to process personal
data securely using “appropriate technical and organizational measures”, such as
encryption and pseudonymization. The Information Commissioner’s Office (ICO),
a regulatory body used to protect information rights in the public interest, confirms
that concepts originally stemm from the field of information security [17], e.g. from
the CIA triad [18]—awidely usedmodel for managing information security policies.
The abbreviation CIA comes from the attributes (1) Confidentiality as a set of rules
that limits access to information, (2) Integrity as the assurance that the information
is trustworthy and accurate, and (3) Availability as a guarantee of reliable access to
the information by authorized people [17].

The three attributes of the CIA triad are essential information security character-
istics and delineate the boundaries in which our research operates. The attributes of
the CIA triad will be referred to when building and testing the research results.
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2.2 Blockchain

The term blockchain first appeared in 2008 after Satoshi Nakamoto, a pseudonymous
person or group, published an essay about a peer-to-peer electronic cash system
using the terms blocks and chain [19]. Nowadays, blockchain is understood as a
concept with the umbrella term distributed ledger. According to Burkhardt et al.
[20], a distributed ledger can be defined by complementary principles, which focus
on mathematical and information technology-related aspects, such as cryptography,
stochastics, graph theory, and network structures. The principles themselves focus on
economic aspects: ‘crypto-economics’ exploiting the game theory [21, 22] and strate-
gies to build consensus in untrusted environments and issues of a ‘digital economy’,
e.g. double-spending digital money or dealing with cryptocurrencies [23].

The distributed ledger principles can be assembled in particular ways forming
three distinctive distributed ledger services (DLS) [24]: (1) tangle, (2) hashgraph,
and (3) blockchain. The three concepts differ in their architecture, where tangle and
hashgraph are based on a ‘directed acyclic graph’, and blockchain is based on its own
‘blockchain’-technology [20]. The latter becamewidely known among the public and
in the scientific community when in 2009 the first cryptocurrency whitepaper titled
as Bitcoin was released [19, 25]. Today, many implementations of the blockchain
concept are actively developed by researchers or leading commercial players (e.g.,
IBM, Intel, Ethereum Foundation).

For this study, Hyperledger is chosen as an analytical unit to test the applica-
bility of the developed assessment instrument, the morphological box. Hyperledger
is considered the most appropriate because it is an open-source collaborative effort
designed to advance cross-industry blockchain technologies. The underlying design
philosophy of Hyperledger fits perfectly with this research as it aims to keep ledgers
distributed andmake smart contracts safe, in particular for enterprise applications. Its
distinctive architecture separates the core system from the application domain, which
aims on the one hand to simplify blockchain application development and on the other
hand allows developers to choose their preferred programming language [26]. Hyper-
ledger is based on a global collaboration including leaders of different industries. The
Linux Foundation, known as a worldwide acting non-profit technology consortium,
is hosting it [26]. The selected configuration for this study,Hyperledger Sawtooth, in
the following abbreviated as Sawtooth is a project under the Hyperledger umbrella.
It is a modular platform for creating, deploying, and running distributed ledgers [26].
For our desired artifact, an assessment tool in the form of a morphological box, the
fundamentals of blockchain set the boundaries. Table 1 consolidates the distributed
ledger characteristics, namely the principles, the DLS and the configuration along
with respective values (alphabetically ordered).Wehighlighted the values delineating
the scope (italics formatting)—general distributed ledger characteristics, focusing on
blockchain such as DLS and Sawtooth as the exemplary unit of analysis.
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Table 1 Generic distributed ledger characteristics setting the scope of this study

Characteristics Values

Principle Cryptography Digital
Economy

Game
theory

Graph theory Networks Stochastic

Service Tangle Hashgraph Blockchain

Configuration Bitcoin Ethereum IOTA Hyperledger
Sawtooth

Ripple …

3 The Morphological Box

In the previous section, we introduced the basics of data privacy, information secu-
rity, and blockchain to demonstrate research boundaries. This section elaborates the
building blocks for the morphological box drawing on existing research work. It
starts with the blockchain-related characteristics followed by data privacy character-
istics. Currently, there is no conclusive research on blockchain configurations that
best correspond to data privacy requirements because of the difficulty of matching
technical features with data privacy requirements that do not necessarily dictate
configuration choices.

3.1 Blockchain Characteristics

Two relevant characteristics, the “BlockchainDesign Elements” and the “Blockchain
Type” will be incorporated into the assessment tool. Table 2 shows both character-
istics and related values; values that apply to our unit of analysis, Sawtooth, are
highlighted (italics formatting).

3.1.1 Blockchain Types

When selecting the blockchain-related characteristics to build the morphological
box, we first draw on one of the blockchain principles described in Sect. 2.2,

Table 2 Blockchain-related characteristics of the morphological box

Characteristics Values

Blockchain design
elements

Charging and
rewarding

Consensus Identity
management

Tokenization

Codebase Extensibility Security/Privacy Transaction
capabilities

Blockchain type Consortium Private
permissioned

Public
permissioned

Public
permissionless
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namely the network structure principle that focuses on different participation modes;
this principle is used to classify a distributed ledger based on its centralization
degree and participation mode. The network principle differentiates between three
degrees: centralized, decentralized, or distributed, and two participation modes:
permissioned, or permissionless [27].

Blockchain as a concept aims to achieve a decentralized consensus on valid ledger
entries among untrusted participants. The blockchain concepts are compelling and
can be differentiated in two classes of blockchain types that are either “open or
closed”, as visualized in Table 3 where example configurations are outlined that are
currently used in several applications of the concept of blockchain. When it comes
to our unit of analysis, Sawtooth, it is considered an enterprise blockchain platform
and allows inherently to deploy different blockchain types, but for this project the
base is consortium.

According toBurkhardt et al. [20], a blockchain is composed of six building blocks
(1) transactions, (2) roles, (3) blocks, (4) verification and validation processes, (5)
algorithms, and (6) cryptography. In general, transactions (1) are transparent and
visible to each participant, depending on the two complementary blockchain types
(Table 3). Participants in a blockchain-based network have an identical copy of the
current ledger [20], depending on the permission settings and the blockchain design.

Blockchain participants have roles (2) with associated tasks to interact with each
other and find consensus. These roleswork together and build a network that provides
an unalterable history of data exchange in form of transactions between the partici-
pants, whereas all transactions are stored in blocks. Roles, for example, are “smart
contracts”, “endorsers”, “committers”, “validators”, and “orderers” [29]. Blocks (3)
are cryptographically concatenated and always chained to the previous block. All

Table 3 Competing blockchain types [28]

Read Write Commit Examples

Blockchain
type

Open Public
permissionless

Open to
everyone

Everyone Everyone Ethereum,
Ethereum
classic

Public
permissioned

Open to
everyone

Authorised
participants

All or subset
of authorized
participants

Sovrin

closed Consortium Restricted to
an
authorised
set of
participants

Authorised
participants

All or subset
of authorized
participants

Multiple
banks
operating a
shared
ledger

Private
permissioned

Fully private
or restricted
to a limited
authorised
set of
participants

Network
operator
only

Network
operator only

Internal
bank ledger
shared
between
parent
companies
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blocks together form the blockchain (ledger) and depict a single point of truth to all
nodes that have access to it. In this context, a node can be either a full node or a light
node that participants use to access the network. A full node downloads and stores
the whole blockchain and is designed to verify and validate (4) transactions back to
the very first block (“genesis block”), whereas light nodes only download the block
header of the previous block. Light nodes rely on full nodes for operations requiring
the complete blockchain, thus, the data storage is less consuming/expensive for the
participant of light nodes [29]. Blockchain participants have an identical copy of
the current ledger [20], depending on permission settings and technical design,. The
participants agree on the current ledger state by relying on a (consensus) algorithm
(5), and today many different algorithms exist [30]. The encryption (6) as the last
building block additionally increases the difficulty for attempts that want to alter the
ledger state history and thus assures a high degree of immutability [31].

3.1.2 Core Design Elements

Tasca and Tessone [32] developed a taxonomy for blockchain which can be used as
a blockchain reference standard. The reference standard covers, among other things,
the smallest required technical elements that are part of a blockchain configuration;
they allow to differentiate the configurations at a technical level, which reflects the
different purposes they target. The taxonomy provides a clear structure to catego-
rize the relationships of the inherent blocks and is a sufficient tool, when applied
rigorously, to compare different, heterogeneous configurations [21].

The taxonomy encompasses the identification, description, nomenclature, and
hierarchical classification of blockchain components. In addition, it groups them in
a hierarchical structure that highlights functional relations and design patterns. The
taxonomy focuses on generic blockchain design choices and consists of eight core
design elements:

(1) Consensus: The consensus describes the validation and verification process that
leads tomutual trust among participants in a blockchain network. The consensus
directly affects the reliability, authenticity, and accuracy of the stored data
within the blockchain [30]. The consensus algorithms are different regarding
immutability and failure tolerance, latency, and finality and relate “to the set of
rules and mechanics that allows for the maintenance and updating of the ledger
and guarantees the trustworthiness of the records in it.” [32].

(2) Transaction Capabilities: Transaction capabilities determine transaction scala-
bility and transaction usability. In this context, a transaction initiates a ledger
state change. Transaction scalability relates to quantitative measures such as
transactions per second (TPS) that allow a performance comparison between a
blockchain and other solutions (e.g., MasterCard Payment Gateway) that serve
similar functionality, while transaction usability relates to the degree, to which
the transactions are suitable to be used in IESs [32].
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(3) Native Currency/Tokenization: The ‘digital economy’ (value in Table 1)
includes the so-called cryptonomics empowered through tokens. The Swiss
Financial Market Supervisory Authority (FINMA) classifies tokens as
blockchain-based units that can be categorized as either (1) payment tokens, (2)
utility tokens, or (3) asset tokens. The first, payment tokens, are native curren-
cies such as Bitcoin—they have no other functions aside from the currency.
The second, utility tokens, provide digital access to services or applications; the
third, asset tokens, represent ownership of an underlying asset, which can be
both physical or digital [33].

(4) Extensibility: Extensibility is the degree to which a blockchain network can be
extended to interact with elements outside the network. Extensibility stands for
interoperability, intraoperability, governance, and scripting language compo-
nents as part of a blockchain. As an example, the governance can be performed
through an open-source community (e.g. Hyperledger), through a technical
solution provider (e.g. Microsoft), or through an alliance (e.g. R3) [32].

(5) Security and Privacy: Security and privacy design differentiate between data
encryption and data privacy settings. Data encryption stands for the encryption
algorithms that are used in a blockchain to ensure (1) integrity, (2) authenticity
and (3) the correct order of events. (1) and (2) can be aligned with two of the
attributes from the CIA triad—integrity and confidentiality [32]. Data privacy
can either be an integral part of the blockchain network (‘by design’) or an
add-on relying on external solutions [32].

(6) Codebase: The coding language, code licensing, and software architecture
define the codebase. The latter can be described as a collection of source code
used to build a system, application, or one of its components. A blockchain
supports either single or multiple languages, open-source or closed-source
license and either a monolithic or a polythic software architecture design [32].

(7) Identity Management: The blockchain identity management builds on three
layers: (1) identity, (2) access, and (3) control. (1) and (2) can be aligned with
the attributes confidentiality and integrity from the CIA triad [32]. The access
and control layer refers to the blockchain type (Table 3) [32].

(8) Charging and Rewarding System: A blockchain depends on computing power
using hardware and electricity. A cost model that organizes resources and
rewards contributors is essential for a blockchain to ensure the ongoing service
and the availability—the third CIA triad attribute [32]. The incentives that root
in the charging and reward system do not apply to all blockchain architec-
tures, because such modalities could also be defined outside the blockchain
system. A simple solution would be a consortium with participating members
that contribute to the same amount of resources (e.g. a full node).

The eight core design characteristics and their outlined specifics are an excellent
theory-based foundation to map and compare complementary blockchain configura-
tions. However, the taxonomy does not provide guidance for comparison and, finally,
the selection of a specific blockchain configuration based on dedicated requirements,
such as data privacy to comply with a specific law such as GDPR. Consequently,
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Table 4 Data privacy-related characteristics of the morphological box

Characteristic Values

Data operation Store Transfer Use

Permissions, policies
and roles

Least privilege Logical access Segregation of duties

Encryption Data encryption

Security mechanism Monitoring and logging Third-party controls Transparent changes

we claim that it is necessary to add guiding factors that explicitly target the privacy
design attributes. This will lead to a more detailed taxonomy and a prioritization
scheme.

3.2 Data Privacy Characteristics

Four technically relevant audit characteristics, “Data Operation”, “Permissions, Poli-
cies, Roles”, “Encryption” and “Security Mechanism” will be incorporated to enrich
our morphological box. Similar to the previous section, these characteristics draw
on existing contributions and will be explained in more detail in the following
paragraphs. Table 4 summarizes the data privacy-related characteristics.

As a specific contribution to closing the derived research gap, we united the data
privacy-related characteristics of the morphological box into a novel assessment
matrix—we call it ‘morphological grid’ (Fig. 2). Instead of highlighting values in
Table 4, this time the newly developed morphological grid will be applied to our
Sawtooth analyses unit. The parameters are based on audit guidelines.

Fig. 2 Morphological grid for assessing blockchain-privacy applied to Sawtooth
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An audit is a sufficient procedure to review relevant activities in an organi-
zation that affects the IES and thus data privacy [34]. The IES and the related
information life cycle ranges from data creation/collection to deletion and can be
assessed regarding its data privacy maturity [35]. To conduct a data privacy audit, an
audit framework/standard should be used that enables organizations to assess their
IES in a structured and recommended way. The results should reflect an organi-
zation´s ability to comply with given privacy requirements. Some leading audit-
related institutions work on common privacy assessment standards that include
specific guidelines to audit IESs [34]. For example, the International Standard Orga-
nization (ISO) provides the “ISO 29100:2011 Information technology—Security
techniques—Privacy framework” [36], which includes essential elements of a data
privacy audit [37]. To apply ISO 29100:2011 for the assessment of blockchain-based
IESs, the standard needs to be adopted since it covers business logics, e.g., legal
requirements related to the business case and not to the enabling IES, and because it
handles data operations that are usually not part of blockchain configurations but of
‘classical’ (relational) databases. The ISO29100:2011 provides privacy safeguarding
controls, which are techniques or practices that can be aligned with data operations
within IESs. The related controls are broadly categorized into (1) permissioning,
(2) policies and roles, (3) encryption, and (4) overall security mechanism, and are
adopted from an exemplary data privacy controls audit [38].

In order to judge the privacy capabilities of a blockchain configuration, the rele-
vant data privacy characteristics must first be established. When technical data
privacy attributes are defined, a blockchain configuration’s privacy capabilities can
be assessed by analyzing which defined privacy attributes it fulfills. The configura-
tion has these attributes that are built in either by default or as needed, or they do not
existent and cannot be implemented with this configuration.

For our study,webuild on twoexistingworks: Firstly, the data operations [39] from
ISO 29100:2011 and secondly, detailed privacy safeguarding controls for a privacy
control audit based on [38]. Other ISO 29100:2011 privacy framework elementswere
not considered because they are directly relevant for technical features and therefore
ignored.

The developedmorphological grid to assess blockchain configurations is shown in
Fig. 2, with its three data operation-related columns “Use”, “Transfer”, and “Store”;
these three operations match the blockchain data operations, where a state is stored
(“store”), its status is transferred (“transfer”) or accessed (“use”). In the columns, the
attributes “Permissioning, Policies, Roles” refer to the more detailed safeguarding
controls that are not described in the ISO framework. The controls are (a) “Logical
Access Controls” for each data operation step (b) “Least Privilege” for the principles
in place, meaning system components (user, processor, program), which must be
able to access only the information and resources that are necessary for its legitimate
purpose of either using, transferring, or storing data.Next, (c) “Segregation ofDuties”
forces the concept of having more than one person or system component to process
the task of either using, transferring or storing the data. The second attribute part
assesses the (d) “Data Encryption”. The last attribute group looks at the “Overall
Security Mechanism” with the perspective on (e) “Transparent Changes” that affect
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data operations. The attribute (f) “Third-party Controls” refers to controls that allow
software from outside a blockchain network to control internal changes. In this
context, a blockchain network is a closed system with only limited interaction with
the outside world. Therefore, there are no possible specific third party controls over
key roles (validators, processors, peers). The only interface that theoretically allows
third-party controls is the client itself. The last security mechanism that is part of the
morphological grid relates to (g) “Monitoring & Logging” procedures, also applied
to the three data operations.

Figure 2, the morphological grid, is—in addition to the characteristics of the
morphological box (Fig. 1) our main research contribution, the artifact with its rele-
vant data operations on the x-axis, and seven outlined privacy safeguarding controls
on the y-axis. The safeguarding controls correlate with confidentiality, one of the
three attributes from the CIA triad [18]. Although a blockchain configuration often
provides other attributes from theCIA triad (e.g. consensus) or availability (e.g. trans-
action capabilities), confidentiality is most relevant from a privacy perspective and
therefore should be emphasized with a specific focus. The term confidentiality stands
for a set of rules that limits access to information or according to the ISACA glossary
is vital for “preserving authorized restrictions on access and disclosure, including
means of protecting privacy and proprietary information” [40]. In the blockchain
context, confidentiality is dedicated to authorized restrictions which relate to partic-
ipants, their identities, permissions, and roles; access and disclosure of information
relate to transactions that contain payloads (information), their flow through the
system and their encryption.

The following three mutations are the base for setting the horizontal and vertical
morphological grid axes. They describe the changes made to the original ISO
29100:2011 framework:

(1) Environmental factors including privacy principles, legal requirements, and the
business case defining involved personal identifiable information (PII) are not
part of the morphological grid and were removed. They belong to the busi-
ness logic and define the steps that must be undertaken before deciding to use
a blockchain configuration. The “collect” data operation depends on the busi-
ness logic that specifies what data needs to be collected and how this task can
therefore be performed by applications other than a blockchain. The data oper-
ation “destroy” is, by default, not foreseen to be implemented on a blockchain.
In contrast to a blockchain configuration, “destroy” or “delete” is a standard
operation for a regular database.

(2) “Privacy Safeguarding Controls” were specified by listing control elements that
are part of privacy audits for IT system controls [38].

(3) Each grid indicates whether the configuration has the privacy capability
integrated by default, on-demand, or whether it is missing and cannot be
implemented on the configuration in question.
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4 Conclusion and Outlook

The goal of this study was to develop a tool that helps organizations make decisions
for a blockchain configuration that matches their use case. The developed morpho-
logical box and the grid allow to identify Sawtooth’s technical capabilities that secure
data and support data privacy at different levels. In order to apply the morphological
box and the assessment grid, thorough knowledge about the assessed blockchain
configuration is required, in terms of the architecture and the different component
roles and not least how they work together. For this reason, our theoretical approach
is perfect for open-source configurations. It does, however—and this is one limitation
of our research—potentially not work for closed-source configurations because of
their lack of transparency. Another limitation is that the morphological box and the
related grid do not distinguish between diverse encryption methods, and therefore
inherently assume that any encryption method relies on a proper encryption algo-
rithm. Nevertheless, the research output can be used (on a high/medium level) to
evaluate each blockchain configuration, in particular with regard to its data privacy
capabilities.

Future research opportunities could be firstly a more detailed breakdown of the
outlined privacy safeguarding controls based on different or complementary security
frameworks. Secondly, a thorough guide could be developed for different target
groups (more or less experienced with blockchain and data privacy) that explains the
application of the developed artifact and related assumptions. Finally, the developed
artifact could be enhanced with information on other blockchain configurations (e.g.,
Stellar, Quorum). Sawtooth is a modular platform that comes—by default—with
robust security functionalities and offers various customizing options. The validation
on Sawtooth worked well because Sawtooth is designed to be secure and appropriate
for enterprise applications that naturally have various data privacy requirements.
However, it remains unclear to what extent the artifact is able to reflect the actual
data privacy capability of a blockchain configuration because many factors from
regular privacy audits are not considered in this study (e.g., hardware controls).
Further research on data privacy and blockchain configurations will hopefully path
the way for organizations to adopt the technology at a faster rate, and eventually
develop feasible applications that protect personal data in a better and auditable way.
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Leadership in the Age of Artificial
Intelligence—Exploring Links
and Implications in Internationally
Operating Insurance Companies

Sarah-Louise Richter and Dörte Resch

Abstract This study examines the effect of artificial intelligence (AI) on leader-
ship in internationally operating insurance companies. Because insurance is a model
example of a data-intensive industry, companies are already applying AI-powered
technology and searching for opportunities for further use. However, any important
step in automation may trigger a leadership shift and a research gap has been iden-
tified in the development of leadership positions in insurance companies confronted
with the use of AI. Specifically, the objective is to investigate how leadership could
change due to the introduction of AI as an example of digitalization. For this study
within an interpretive paradigm, qualitative data were collected in 19 semi-structured
interviews, with interviewees representing five insurance companies headquartered
in Western Europe. The findings suggest that the use of AI and its implications for
leadership are closely linked to the underlying structures of the industry,which has led
to the existing leadership discourse and organizational metaphor in the first place.
The implications of AI, in turn, depend on the leadership discourse and existing
structures. Thus, if AI is used only in accordance with the current discourse, the
implications for leadership are minimal. Therefore, it can be concluded that the use
of AI-powered software itself is unlikely to trigger change in leadership. Neverthe-
less, AI holds significant potential for insurers. For example, AI could support the
insurer’s core competencies, and connect companies with broader ecosystems and
customer communities.
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1 Introduction

This study explores the impact of artificial intelligence (AI) applications on leader-
ship at the middle management level in internationally operating insurance compa-
nies. In insurance, data-driven decision-making plays an important role and AI holds
further potential for insurers [1] as the technology becomes affordable [2, 3].

However, every major step in automation triggers a change in leadership. This
can be explained by social science approaches such as the Actor-Network-Theory
(ANT), suggesting that technology changes workplace structures, collaboration, and
relationships [4, 5]. Thus, the foundations of leadership are transformed [6, 7], which
is reflected in leadership discourses that emerge as technology progresses [8]. This
raises the question how leadership might be affected by the adoption of AI in its
various forms and use cases. Hence, the research question that we seek to answer in
this study is: How might leadership at middle management levels in internationally
operating insurance companies be influenced by the adoption of AI?

Surprisingly enough, while the impact of AI on economies is widely debated,
there is little research specifically focused on leadership. This research gap is worth
addressing to generate insights that inform further academic research, while also
providing practitioners with information from a non-commercial perspective. In
general, this research aims to explore how leadership could change given the use
of AI as a popular example of digitalization. Furthermore, this study contributes to
the broader discussion about the impact of AI on business and society.

To approach this topic, we extract findings from existing literature and theory,
examining the role of AI in insurance as well as the link to leadership. The method-
ology is then explained before the analysis of primary data is presented. The results
are then discussed and linked to broader literature before conclusions are drawn.

We delimit the topic to the example of international insurance companies in the
primary insurance industry. The reinsurance market, obligatory and supplementary
health insurance, or pension funds are not examined. Moreover, questions of data
security and privacy when applying AI are not addressed.

2 Artificial Intelligence in the Insurance Industry

Because insurance is a model example of a data-intensive industry, knowledge-based
expert systems marked a first success in commercial applications of AI [3]. One
elegant definition suggests that “Artificial Intelligence is the study of how to make
computers do things at which, at the moment, people are better” [9], which implies
that the definition changes as AI progresses. To assess how AI can be applied in the
insurance industry, three categories are considered.

First, AI can be used to automate or support tasks such as managing customer data
from online self-service portals, updating records, and extracting information from
documents, e.g. using Natural Language Processing (NLP) [10]. This is particularly
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useful tomanage information frommultiple backend systems, as is often the casewith
international insurance companies. The required investments for such technology are
comparably low, implementation is not overly complex and the system is transparent
and auditable [11]. This option is often useful for reducing a company’s cost base
and improving the efficiency of routine work [12, 13].

Second,AI can be applied as ameans to cognitive insights [11], to identify patterns
in data and interpret their meaning. In insurance, this can support risk assessment,
fraud prevention and detection [14]. In addition, predictive analytics for natural disas-
ters, life expectancy estimations, and actuarial modelling are use cases for AI. Such
applications require reliable and correct data to come to fruition [15, 16] and people
need to judge and evaluate the results [13]. However, the technology is frequently
considered a black box, which means that it is not transparent how the results were
derived [11], which is problematic in a highly regulated industry [10].

Third, AI can be applied for cognitive engagement, e.g. using NLP [10, 11]. This
can be chatbots handling customer requests [1]. The advantages include easy access
to reliable and consistent information and increased speed of responding to requests.
However, contemporary AI can provide data and identify patterns, but not explain
them [13, 17] or abstract new ideas [18]. Thus, a human interpreter needs to add
expertise, social and moral values [17, 19].

3 Leadership in the Age of Artificial Intelligence

A definition of leadership provided by Alvesson et al. [6], referring specifically to
modern corporations and purposefully not separating leadership from management,
states that “leaders are interpersonally trying to define meaning/reality for others
who are inclined to (on a largely voluntary basis) accept such meaning-making
and reality-defining influencing acts” [6]. However, scholars criticize the implied
passive role of the followers and an exaggerated focus on the person of the leader
[6, 20]. Moreover, Western’s [8] eco-leadership discourse suggests that leadership
does not necessarily reside within one person, but can be shared among people or
be inherent in an organizational system. Hence, this study understands leadership as
a system of relations and influences which might not be defined by hierarchy [6–
8]. Complementing leadership itself, leadership discourse plays an important role.
Western [8] defines discourse as “how we act and think in ‘normative’ or taken-for
granted ways”, both influencing and being influenced by social norms, behavioral
patterns, power dynamics, and other accepted, yet subconscious factors. Western’s
[8] leadership discourses implicitly draw from the seminal work of Morgan’s [21]
organizational metaphors. Morgan [21] defines metaphors as “a way of thinking and
a way of seeing that pervades how we understand our world”, suggesting that the
imagery used to depict organizations is indicative of this and shapes how leadership
works in a given context.

When assessing the leadership discourse [8] and organizational metaphors [21]
in German and Swiss insurance companies, the main characteristics are emphasis on
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rules, policies, and predictability. In addition, insurance companies show hierarchical
orientation and an aversion to change, ambiguity, and risk-taking [22]. Typically,
there is a controller leadership discourse and a machine metaphor at play, rooted
in industry regulation and a history of little competition in a stable market where
insurance products and prices were mostly standardized [23]. Hence, the deregula-
tion of the industry, declining interest rates, and the need to remain profitable have
left the industry struggling. At the same time, stricter regulation was introduced to
protect customer interests after the 2008 financial crisis [22, 24]. Therefore, methods
such as lean management and six sigma, aiming to reduce inefficiencies and achieve
operational excellence, became popular in the financial services industry [24–26].
Reengineering through strict measurement and monitoring accounts for the preva-
lence of the controller leadership discourse and machine metaphor in insurance [21].
However, it causes companies to suffer from organizational inertia [21, 22]. This
reveals an interesting contrast to contemporary leadership being understood as a
network of relationships, people and organizational systems that develop, learn, and
change in tune with its broader environment [27]. Within this setting, the use of AI
raises a number of questions.

First, questions of ethics arise, which Western [8] puts at the heart of his
so-called eco-leadership discourse, reflecting the organization being “rethought as
‘ecosystems within ecosystems’” [8]. Additionally, scholars highlight ethical and
moral issues related to AI [28, 29]. For example, fraud and misuse can occur when
individuals manipulate outcomes, hide or over-emphasize information, and distort
data interpretation. Moreover, individuals are prone to confirmation bias, which
means that they typically interpret information by substantiating their personal
view while ignoring contradictory data [30, 31], which increases the risk of data
being misinterpreted or misused [12]. However, AI might also mitigate bias in
human decision-making by providing data where otherwise a decision would have
been made by gut feeling [19]. In any case, AI informs decisions that could have
far-reaching influence, which will raise questions about ethical standards, moral
judgement, and fairness. Hence, social and emotional skills will need to compliment
technological skills in the workplace [32].

Another related issue for leadership is trust, which provides the basis of any social
interaction [33, 34] and is crucial for leadership as a process of creating meaning.
However, trusting a human manager or co-worker differs from trusting a software.
Nevertheless, employees need to develop relevant knowledge and trust in AI to use
it effectively and reduce the perceived risk and skepticism [35, 36]. In addition,
dependency on technology might raise concerns. Insurers typically take a scientific
approach to business and people in the insurance industry are likely to rely on data
[22]. However, the use of AI could limit exposure to contradictory information,
which, in interplay with confirmation bias [30, 31], could reduce triggers for critical
thinking and reflection.

A related issue is the decrease in human interaction that could be caused by AI.
Today, decision-making in international companies usually requires interpersonal
coordination. However, if information is readily available, it can reduce the time
spent together, thus limiting the opportunities for informal interpersonal contact.
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This has an impact on leadership, as it relies to a great extent on network-based peer
influence [6, 7]. Therefore, one challenge of leadership in the age of AI might be to
find a balance that integrates human and digital interaction [37].

Hence, the literature review revealed questions that mark the starting point for this
study. The current leadership discourse and organizational metaphor in the insurance
industryworks best for standardized tasks and processes. The use ofAI is particularly
attractive for the insurance industry, as it adheres strictly to predefined guidelines
in compliance with regulation and specific terms and conditions. In that regard,
AI excels and outranks people. However, this strength in consistency is also AI’s
core weakness. If a case deviates from the norm, the AI’s result may be flawed and
AI fails to consider ethical aspects. This reveals a key issue for leadership. Today,
accountability and competencies are usually determined bywritten guidelines. Future
issues will call for more holistic consideration. Especially in middle management,
the focus is likely to shift from the assessment of industry expertise to emphasis on
emotional, creative, and social skills. Therefore, leadership will need to facilitate a
new quality of compass, facilitating ethical decision-making, relationship building in
a digitalized workplace and trust between AI and humans. Hence, AI is expected to
change and challenge leadership as the implications ofAI in theworkplace go beyond
the technological perspective. In scenarios of self-organization and discourses such as
eco-leadership, these issues become evenmore pressing, as there is not a single leader
to be held responsible. This is particularly true for leadership in global organizations
that require international coordination.

4 Research Methodology

This study features a qualitative research design, since the study aims to explore a
contemporary phenomenon dealing with individual perceptions rather than measur-
able frequencies or incidences [38]. It is recognized that there is not a single truth
to be found about the potential implications of AI on leadership, which is why this
study is understood from a relativist ontology. In addition, a contextual epistemology
is used, suggesting that knowledge can be true in a certain context, but is not univer-
sally transferable [38, 39], since leadership can hardly be understood outside of its
setting [7]. The context of the study are five international insurance companies with
headquarters or major business units in Germany and Switzerland. Primary qual-
itative data were collected in 19 semi-structured and problem-centered interviews
[38–40] in July and August of 2018 with middle and senior managers, industry
and AI experts, and employees. Due to the exploratory nature of the research and
epistemological orientation, strictly purposive sampling is neither achievable nor
desirable. Thus, elements of convenience and snowball sampling are reflected in
the sample [38]. The interviewees are persons from 30 to 60 years of age, with
a higher academic or vocational education and several years of experience in the
insurance industry. They come from different countries, such as Germany, Switzer-
land, India, Canada, USA, and the United Kingdom, among others. The interviewees
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work in a variety of business areas and functions, such as customer service, claims
management, strategy development, project management, HR, IT, and marketing.
This diverse sample supports the acquisition of different views and balance perspec-
tives, while also strengthening transferability. The method of thematic analysis was
used to find patterns and capture meaning by encoding the interview transcripts
[39, 41]. The final inductive and deductive codes were developed into overarching
categories. Then, the key points of the categories were described and links to other
categories examined [38, 39, 41].

5 Results of Analysis

The categories artificial intelligence, trust in technology and processes, and inter-
personal relationships and identification are described in this section.

Artificial Intelligence (AI) The category artificial intelligence describes results
concerning application and opportunities of AI as well as risks and challenges
concerning AI. AI-powered tools are already applied in the insurance industry, e.g.
for knowledge sharing, risk assessments or customer relationship management. In
general, AI is understood as an enabler for increasing customer value, delivering
better services, and efficient organization. However, the interviewees are aware of
potential issues and claim that AI should be carefully programmed and monitored to
prevent misconduct. There is also consensus that companies should bemindful about
where and how they use AI while taking into account the customer’s perspective.

Trust in Technology and Processes The category trust in technology and
processes captures notions about the quality of processes and technology and the trust
that is put into these by summarizing the codes guiding decisions, institutionalized
collaboration and communication, and bad experiences with IT. The data shows that
decisions are guided bymostly explicit guidelines and bypass processes are punished.
People in the industry trust in processes with formal routines of collaboration and
communication that are defined by hierarchy, silos, and legal requirements. However,
technology raises issues. According to the data, insurance employees are frustrated
with the IT landscape that consists of sub-standard legacy systems. Hence, there is a
general skepticism towards new IT being implemented, as such efforts usually create
problems instead of providing solutions. Nevertheless, interviewees report that they
would appreciate IT systems that help them organize more efficiently and provide
outstanding service to customers.

Interpersonal Relationships and Identification The category interpersonal
relationships and identification aggregates the codes family/team spirit and people
orientation, trust in people and noble cause and company heritage. With these
aspects, the category refers directly to the definition of leadership established in
Sect. 3. According to the data, the teams have established a strong sense of family
and team spirit. In addition, interviewees highlight the noble cause of insurance and
are proud to work for companies with a rich history. Interviewees also emphasized
that the industry attracts a specific typeof character that values stability, predictability,
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Fig. 1 Relationships between categories (author’s own illustration)

and long-term orientation. Thus, interviewees report that it is easy to connect and
build trust within this homogenous workforce. The data indicates also that trust
is built through personal interaction, by delivering good work, living up to one’s
promises, and demonstrating expertise. However, trust in other parts of the organiza-
tion and senior management is reported to be low. According to the data, turnover in
senior and C-level management is high, while middle managers and employees stay
with the company for long tenures. Thus, the employees together with their direct
managers went through times of painful changes together, which strengthened their
mutual trust and gave them a sense of belonging. This implies that middle managers
and their teams influence leadership culture much more than senior management.

Figure 1 illustrates the relationships between the categories and the status quo.
Major links and tensions, which contribute to answering the research question, are
examined hereinafter.

The data indicates that the industry’s framework conditions, discourse, and
metaphor determine trust in technology and processes. To fulfil requirements set
up by the framework conditions, internal processes guide decisions and institution-
alize collaboration and communication. Hence, there is perceived value and trust in
processes which are organized along the formal hierarchy. However, interviewees
highlight that, because of the prioritization of shareholder interests, investments in
IT were neglected and the development of suitable state-of-the-art technology in
insurance companies was impeded. Hence, trust in technology is low. However,
a positive example of a company introducing an AI-powered knowledge-sharing
platform illustrates that employees accept a technology that works well and adds
value.

The data further suggest that all categories connect to the topic of AI. The frame-
work conditions determine how insurers may use AI from a legal perspective. In



322 S.-L. Richter and D. Resch

addition, the understanding of leadership in an organization is likely to influence the
purpose of implementing AI, e.g. if it is understood merely to cut costs or rather to
move decision-making power to the front line and encourage peer-based collabora-
tion. Concerning the relationship to interpersonal relationships and identification,
the interviewees expect AI-powered tools to take on routine tasks and leave the
exceptional cases to humans. These cases would require interdisciplinary collabora-
tion and therefore strengthen interpersonal relationships and trust. The data further
highlights that AI would eliminate the inefficiency of collaboration, leaving more
time to interact with customers and live up to the noble cause of the business. Thus,
referring back to the eco-leadership discourse, interviewees seeAI as a tool to connect
to customers and local communities. Nevertheless, using AI requires trust in tech-
nology and processes and adequate supervision to prevent issues for the company
and customers. In turn, robust processes and explicit decision-making guidelines can
support implementation and acceptance of AI.

6 Discussion of Results

After having elaborated on the results of the analysis, this section connects the find-
ings to theory and extracts the key points for answering the research question. Based
on the insights from the analysis it can be stated that AI-powered software is used in
the insurance industrymainly in the formof isolated systems, each serving its specific
purpose. In accordance with previous research, insurance companies predominantly
seek to leverageAI to improve efficiency, gain insights,model risks through advanced
analytics and engage with customers and employees [11–13, 42]. In addition, the
analysis supports the fact that insurance companies are aware of the risks and chal-
lenges such as compliance and auditability of AI, lack of data quality, or potential
social and moral issues. The issues for leadership that could be triggered by AI are
discussed below.

Concerning relationships and trust, as the basis for leadership [6, 7], interpersonal
relationships can be strengthened by the need for collaboration in cases beyond the
capabilities of AI. However, the analysis revealed an interesting categorization of
personal interaction. Some interviewees framed collaboration as being good or bad
based on its efficiency, which could be enhanced by AI. However, this perspec-
tive disregards the basic principles of human interaction and trust-building, which
is not efficient by design. Rather, the creation of meaning as a core element of
leadership requires spending time together without pursuing a specific purpose
and allowing serendipity to occur [6, 43]. Nevertheless, experts who are currently
trapped in organizational silos could use AI to access data and contextual infor-
mation by clicking a button, thus broadening their perspective and understanding
their role in the customer journey. Looking at relationships with customers, while
the network of sales persons is shrinking, AI could support reestablishing connec-
tions to communities. For instance, insurance companies could leverage their core
competency of risk management to create value for customers [44, 45]. In addition,



Leadership in the Age of Artificial Intelligence … 323

insights from predictive analytics could help individualize services and anticipate
customers’ life-changing moments which might trigger the need for new or revised
insurance coverage [46]. However, the analysis has highlighted low levels of trust
in technology in the sampled companies. Nevertheless, interviewees stated that they
are looking forward to workplace technology being brought up to standard. That
being said, if employees have experienced technology as reliable and well-working,
studies suggest higher levels of trust in technology [47, 48]. This raises the question
whether people would then rely too much on a software’s output [49].

On the issue of accountability, the analysis showed that interviewees advocate
strict monitoring of AI and claim that a human decision-maker should ultimately
check the results and take responsibility. This means that AI should influence deci-
sions, but should not interpret results or have the final say, which is also claimed in
theory [50]. In addition, it is well known that basic knowledge of technology will be
an important skill for every employee [51]. As a result, insurers are investing in the
recruitment of tech-savvy talent and training the existing workforce with technical
know-how [52], which benefits the industry’s expert culture.

Interviewees, however, expect that monitoring of AI activities by monitoring key
performance indicators (KPIs) is possible. This notion operates on the positivist
assumption that reality can be defined, measured and expressed through data and
processes. Yet, this is barely achievable as people construct reality through a variety
of filters set up by societal norms, culture, and context [53]. This is not only reflected
in decision-making, but provides the basis for coding and training of AI, as well as
defining KPIs in the first place. Hence, regulation, organizational procedures and
guidelines are in place to define adequate basic structures. On a more granular level,
leadership needs to address questions of AI use and monitoring. In this respect, peer-
based forms of leadership are a good fit because they can facilitate four-eye due
diligence among experts, represent a form of social control and relieve the manager
of micro-managing.

Regarding the ethics of data use and interpretation, this issue is not specific to
using AI, but to working with data in general. In an industry such as insurance, which
is built on data, evaluating and interpreting data is a core competency. However,
human decision-making, even when following business guidelines, is not as rational
and straight-forward as generally assumed [54]. In contrast, decisions made by AI
would not be subject to arbitrary human somatic states and profanities, such as being
hungry or having a headache [55]. Thus, the requirements and concerns about AI
making decisions might be exaggerated compared to the factitious rationality of
human decision-making [56].

This is related to the topic of dependency on technology and critical evaluation.
The focus on technical knowledge and expertise provides a promising basis, because
employees in an expert-driven culture are likely to have the necessary know-how
to assess information. In fact, an insurance actuary is a data scientist who manages,
evaluates, and interprets volumes of data, e.g. for risk or natural disaster modeling
[1, 57]. As a result, the insurance business itself has a track record of successfully
using data to manage activities. However, this talent is currently not fully leveraged.
The corporation’s headquarters traditionally requires the reporting of pre-defined
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micro-KPIs, thus leaving little room for assessment and interpretation from a holistic
perspective. Moreover, the contextualization of data is impeded by organizational
silos. Hence, the industry today incentivize compliant behavior, reporting routines
and written guidelines, which leads to a lack of critical thinking. Nevertheless, the
existing expert culture and risk-averse mindset would be a good starting point for
critically evaluating information and questioning technology output. By revising
reporting structures, applying peer-based forms of consultation and collaboration,
as well as training insurance experts on the potential technical shortcomings, the
industry could leverage the status quo to address these challenges.

7 Conclusion

This study has set out to examine the effect of AI on leadership in internationally
operating insurance companies. The literature review suggested that the insurance
industry exhibits a controller leadership discourse and machine metaphor. However,
a research gap was identified concerning how leadership qualities in insurance that
are confronted with the use of AI could develop.

Based on the discussed findings, the research question can be answered as follows.
Insurance companies are already using AI-powered technology and seeking oppor-
tunities for further use. However, the use of AI and its implications for leadership
are closely linked to the fundamental machine metaphor of the industry, which led
to the existing leadership discourse and organizational metaphor in the first place. In
turn, the findings suggest that the implications of AI for leadership largely depend
on the lens of leadership discourse and pre-existing structures through which they
are understood. Thus, if AI is only employed in accordance with what the current
discourse allows, the impact is minimal. Concerning the potential effect on leader-
ship, it can be concluded, therefore, that the use of AI-powered software in itself
is unlikely to trigger change in the leadership discourse. Yet, to truly tap into the
potential of AI, the underlying structures would need to be reconsidered [58]. Never-
theless, AI holds significant potential for insurers. For example, AI could support an
insurer’s core competencies, as well as link companies to broader ecosystems and
customer communities.

The theoretical implications of these findings are that, despite much attention to
the impact of AI, the effect on organizations might not be revolutionary. Moreover,
studies often fail to acknowledge factors such as an existing leadership discourse
and thus ignore the influence of underlying structures. The implications for orga-
nizations could be an increased awareness of the discourse and its impact, which
could prevent initiatives, such as investing in AI projects, from being neglected. In
addition, insurance companies could use these results to derive learnings about the
status quo, and about how they should approach the digital transformation.

Nevertheless, due to the small sample of interviewees, the transferability of the
results to other contexts is limited. Specific regulations applying exclusively to the
insurance industry, as well as the contextual orientation of this study, make it difficult
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to formulate legitimate claims for other industries. However, the findings make a
valuable contribution by examining leadership discourse and the potential impact of
AI in a widely under-researched industry. Furthermore, insights from an academic
perspective are provided, which balance grandiose claims from practitioner-oriented
literature about leadership and the impact of AI. For further research, we suggest
conducting studies in insurance companies that are not primarily rooted in western-
European countries. In addition, case studies specifically concerned with the use of
AI in insurance companies would be interesting to extract key learnings.
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