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Zusammenfassung

Unternehmen entwickeln, erzeugen und vertreiben ihre Produkte und Dienstleistungen
heutzutage in komplexen und zunehmend digitalen Geschéftstkosystemen. Der wachsen-
de Einfluss dieser Geschéaftsokosysteme auf den Erfolg und Misserfolg eines Unternehmens
wird verstiarkt von Unternehmen wahrgenommen. Ein Geschéftsokosystem geht dabei iiber
die klassische Wertschopfungskette, bestehend aus Zuliefern, Kunden und Konkurrenten
am Markt hinaus. Es umfasst neben Geschéftspartnern auf unterschiedlichen Ebenen der
Kollaboration auch potentiell interessante Unternehmen und Start-Ups fiir zukiinftige Ge-
schéiftsbeziehungen oder 6ffentliche Einrichtungen, die durch neue Regularien, Gesetze oder
Erlasse das Okosystem beeinflussen kénnen. Um ein umfassendes Bild des Unternehmens
und der Interaktion mit seiner Umwelt zu erhalten und informierte 6kosystembezogene
Entscheidungen zu treffen, ist es fiir das Unternehmen und verantwortliche Entscheidungs-
trager notwendig, die Elemente des Geschéaftsokosystems und deren Beziehungen zu ver-
stehen. Visualisierungen von Geschéftsokosystemen stellen eine Moglichkeit dar, die Ent-
scheidungstrager im Unternehmen dabei zu unterstiitzen.

An die Modellierung des sich kontinuierlich verdindernden Geschéftsokosystems inklusive
Konkurrenten, Geschéftspartnern und Entwicklungen am Markt haben die unterschied-
lichen Entscheidungstréger in einem Unternehmen abweichende Anforderungen. Um ein
umfassendes Bild des Geschéftsokosystems zu erhalten, ist es deshalb wichtig, die unter-
schiedlichen Abteilungen und Entscheidungstriger eines Unternehmens in die Modellierung
und Visualisierung des Okosystems mit einzubeziehen und die entsprechenden Bediirfnisse
zu erfassen.

Die vorliegende Arbeit adressiert diese Herausforderungen und beginnt mit einer struktu-
rierten Literaturrecherche zur Identifikation von Definitionen und Typen von Geschéfts-
okosystemen und existierenden Visualisierungswerkzeugen. Im Anschluss beschreiben wir
die Relevanz der Okosystemmodellierung. Die Erkenntnisse basieren auf drei Diskussions-
runden, elf Interviews und einer Online-Befragung, welche die Anforderungen an einen soft-
waregestiitzten Geschéftsokosystemmodellierungs- und Visualisierungsansatz in der Praxis
beschreiben. Im néchsten Schritt haben wir einen Prozess zur kollaborativen Modellierung
und Visualisierung von Geschéftsokosystemen entwickelt. Wir beschreiben die Prozessak-
tivitdten, notwendigen Rollen und Artefakte. Um diesen Ansatz zu unterstiitzen, haben
wir ein innovatives Tool entwickelt, das den Entscheidungstragern verschiedene interaktive
Visualisierungen zur Verfiigung stellt.
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Der Beitrag dieser Arbeit ist ein Rahmenwerk, das die kollaborative Modellierung und Vi-
sualisierung von Geschéftsokosystemen unterstiitzt. Der entwickelte Prototyp stellt meh-
rere interaktive Visualisierungen bereit und interagiert mit einem meta-model-basierten
Informationssystem, das die kontinuierliche Anpassung der Daten- und Visualisierungsmo-
delle erlaubt. Im Rahmen dieser Arbeit beschreiben wir den Einsatz fiir zwei Anwendungs-
falle: die unternehmensinterne Modellierung des Geschéftsckosystems und den o6ffentlich
zuginglichen Einsatz zur Modellierung und Visualisierung eines Okosystemes, hier am
Beispiel von Mobilitéat.

Durch die prototypische Implementierung ermoglichen wir eine Auswertung in Zusammen-
arbeit mit verschiedenen Industriepartnern in mehreren Iterationen. Zur firmeninternen
Modellierung und Visualisierung unterschiedlicher Okosysteme wurden der entwickelte Pro-
zess und der zugehorige Prototyp in zwei Industrieprojekten eingesetzt. Zuséatzliche haben
wir mit Hilfe von 6ffentlich zugénglichen Datenquellen das Geschéftstkosystem einer Smart
Mobility Initiative in Zusammenarbeit mit einer nicht-forschenden 6ffentlichen Einrichtung
modelliert und visualisiert. Dariiber hinaus wurden fiinf Interviews zur Evaluation und zur
Identifikation weiterer Anwendungen des Prototypen durchgefiihrt.



Abstract

Companies today develop, produce, and distribute their products and services in com-
plex and increasingly digital business ecosystems. The growing influence of these business
ecosystems on a company’s success and failure is increasingly perceived by companies. A
business ecosystem goes beyond the traditional value chain of suppliers, customers, and
competitors. In addition to business partners at different levels of collaboration, it also
includes potentially interesting companies and start-ups for future business relationships
or public institutions that can influence the ecosystem through new regulations, laws or
decrees. To gain a comprehensive picture of the company and its interaction with its
environment, and to make informed ecosystem-related decisions, it is necessary for the
company and responsible stakeholders to understand the elements of the business ecosys-
tem and their relationships. Visualizations of business ecosystems are a way to support
these decision makers.

The different decision makers in a company have different requirements for modeling the
continuously changing business ecosystem, including competitors, business partners, and
market developments. To obtain a comprehensive picture of the business ecosystem, it is
therefore important to involve the various departments and decision makers of a company
in the modeling of the ecosystem and to identify the corresponding needs and requirements.

This thesis addresses these challenges and begins with a structured literature review to
identify definitions and types of business ecosystems and existing visualization tools. We
then describe the relevance of ecosystem modeling. Our findings are based on three dis-
cussion rounds, eleven interviews, and an online survey, which we use to derive the re-
quirements for a software-based business ecosystem modeling and visualization approach
in practice. In the next step, we developed a process to collaborative model and visualize
business ecosystems. We describe the process activities, necessary roles, and artifacts cre-
ated in the process. To support this approach, we have developed an innovative tool that
provides stakeholders with various interactive and tailored visualizations.

The contribution of this work is a framework that supports collaborative modeling and
visualization of business ecosystems. The developed prototype provides several interactive
visualizations and interacts with a meta-model based information system that allows the
continuous adaptation of data and view models. In this thesis, we describe two use cases:
the firm-internal modeling of the business ecosystem and the publicly accessible tool use
for modeling and visualizing an ecosystem, here using the example of mobility.
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With the prototypical implementation, we enable an evaluation in cooperation with differ-
ent industry partners in several iterations. The developed process and the corresponding
prototype were used in two industrial projects for the internal modeling and visualizing
of different ecosystems. In addition, we modeled and visualized the business ecosystem
of a Smart Mobility Initiative in cooperation with a non-researching public institution us-
ing publicly accessible data sources. Also, five interviews were conducted to evaluate and
identify additional applications of the prototype.
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CHAPTER 1

Introduction and Motivation

The way companies develop, produce, and distribute their services and products is continuously
changing as their business conditions are steadily evolving and “successful businesses are those
that evolve rapidly and effectively” (Moore, 1993, p.75). This rapid and effective evolution is
evoked through the implementation of innovation, in the form of new or changed methods, ideas,
services, products or processes. Missing out on disruptive innovations can cause companies to fail
(Christensen, 1997). “Disruptive innovations are those that create new markets and categories
of customers, not only through the development of new technologies and product categories but
also through the creation of new business models or the application of existing technologies in
new, more simply designed and user-friendly ways” (DeFillippi et al., 2016, p.2). Companies
have to seek ways to keep innovation coming, to integrate and implement it into their daily
business.

One way to foster innovation in a company is to involve customers more closely. The digitization
has contributed to new possibilities on how to include customers in the development and decision
making of how to produce or distribute services or products. Crowd sourcing initiatives and more
specifically crowd innovation initiatives are among these possibilities. Through crowd innovation,
companies open up there previously internal processes to collect new ideas (Chesbrough, 2003).
These ideas can address all steps of a service or product development process. They can target
a completely new product or service during the initiation process step, can focus on a specific
feature to be designed within the development process steps or can influence the appearance
of the packaging in the delivery process steps. The (potential) customer is thereby in contact
not only with the distributor of a service or product but also eventually with the supplier or
manufacturer.

But not only customers but also competitors and business partners become relevant for the
implementation of innovation as “innovative businesses (...) must attract resources of all sorts”
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(Moore, 1993, p.75). These resources can come from business partners with whom a long-
term business relationship already exists, investors investing in the specific market or business
field or public sponsors interesting in fostering development and implementation of innovation.
Companies are faced with the challenge to identify the right partners to innovate with, because
“increasingly, even large corporations depend on joint business developments, licensing, joint
ventures and spin-offs for new product development” (Rehm et al., 2015, p. 87).

All this leads to an opening up of the previous rather linear supply chain, enabling exchange
between the different members to search for the optimal partner. In addition to these members
of the supply chain, it is essential to perceive and understand actions of competitors or future
competitors, partners and future partners, customers and prospective customers but also gov-
ernmental institutions influencing the service or product market to identify and potentially react
to innovation happening in the business environment.

Classical supply chain:

Suppliers (S) \ Manufacturers (M)

Distributors (D) Consumers (C)

Legend:

. Other ecosystem entities like competitors, potential future business partners or governmental institutions

_~" Various forms of collaboration and competition

Figure 1.1.: Supply chain broken up towards a business ecosystem
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Motivated to support companies and their representatives incorporating and implementing inno-
vation, James F. Moore suggested to view a company “not as a member of a single industry but
as part of a business ecosystem that crosses a variety of industries”(Moore, 1996, p.76). Within
this business ecosystem companies work cooperatively and competitively to address innovation
(Moore, 1993). Thereby, “business ecosystems are formed by large, loosely connected networks
of entities” (Iansiti and Levien, 2004a, p.35) with entities such as business partners, competitors,
governmental institutions, customers, and influential stakeholders as visualized in Figure 1.1.

To summarize, missing out on the ecosystem perspective especially in recognizing and aligning
with the “critical partner” (Adner, 2012) can have significant business implications for the devel-
opment, production, and distribution of services or products and can lead to business failure.

1.1. Problem description

To not miss out on this ecosystem perspective, companies and their responsible representatives
have to define, gather, analyze, and distribute ecosystem information about “partners, competi-
tors, products, and any aspects of the environment needed to support strategic decision-making
of an organization” (Basole et al., 2018, p.6:3). We summarize these activities as business ecosys-
tem analysis. Due to the changing environment, it is essential for a company to continuously
analyze its business ecosystem to be able to react to changes within the ecosystem and adapt
its own business strategy.

Business ecosystem analysis poses especially two challenges for companies and stakeholders re-
sponsible to make ecosystem-related decisions based on the analysis.

1.1.1. Business ecosystem data

The first challenge is to identify, collect, and handle information about the relevant ecosystem
entities that are worth integrating into the analysis. This comprises the availability and amount
of information about the identified participants of the business ecosystem and their diverse
relations (Park et al., 2016; Basole et al., 2015). Essential information include but is not limited
to data about

e business partners, with details on established business relationships, contracts concluded,
and key contacts working for highly relevant business partners,

e competitors, for example in the form of sales figures, published information on future
strategies or new product developments,

e relevant start-ups, offering innovative services and products including new technologies,
which might change the market,

e consumer groups, with their preferences, expectations, and consumer experiences, and

e publicly funded projects, as these can provide insights into future regulations that can
affect and influence the market.
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Companies and ecosystem stakeholder have to handle this “tsunami of digital data”(Basole et al.,
2018, p.6:3), which includes the identification of trustworthy sources, the collection of the infor-
mation, and finally the processing of it in order to benefit from this data.

1.1.2. Integration of different perspectives

The second challenge is to involve different stakeholders and thus perspectives of the business
ecosystem in the analysis to get as comprehensive a picture as possible of the ecosystem. Suc-
cessfully involving these stakeholders and their views means including their specific and diverse
requirements in the ecosystem analysis so that they can benefit from the results and make
informed decisions. While market analysts are interested in discovering competitive trends,
strategies, threats, and opportunities, executives are trying to identify potential strategic part-
ners and customers, and identify innovation white spaces (Basole et al., 2013). When analyzing
a company’s business ecosystem, these requirements need to be identified and the necessary
information gathered and processed in a way that supports ecosystem stakeholders in their
ecosystem-specific activities and decisions on a continuous base.

Starting from the analysis of a business ecosystem of a specific market, for example of a certain
technology or start-up region, similar challenges arise. In addition, the identification of all
relevant actors of the ecosystem is already difficult for a single participating company. While the
identification of ecosystem business partners can be supported by internal information systems,
the identification and availability of information about other ecosystem entities in the form of
indirect business partners, interesting start-ups, and future competitors is more challenging.

Visualizing business ecosystems in form of multiple interactive visualizations have proven to
enable business ecosystem stakeholders to take better informed decision (Basole et al., 2016;
Huhtamaki and Rubens, 2016; Evans and Basole, 2016). Basole et al. (2015) presented a data-
driven approach and Basole et al. (2018) a sophisticated system to visualize business ecosystem
data. In addition to these scientific results, there are numerous commercial software vendors
that enable — although not primarily — visualization of business ecosystem data.

Nevertheless, these already available tools for modeling and visualizing business ecosystems do
not address the above mentioned challenges comprehensively. The requirements of the various
ecosystem stakeholders are not included in the modeling process to define how the business
ecosystem should be modeled regarding the specific relevant information of the ecosystem en-
tities. In addition, the collaboration of these stakeholders to model the business ecosystem of
their interest is not sufficiently supported (see Chapter 4). We address these open issues within
this thesis, by proposing and evaluating a collaborative process to model business ecosystems.
This process is supported through a web-based application visualizing the business ecosystem
information using a knowledge management system.

1.2. Research questions

Based on the outlined problem description, we derived research questions operatonalizing and
guiding our research. These questions address the challenges we previously identified, allowing
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a structured approach to achieve the overall objectives. Their answers present our research
contributions.

Research question 1: What business ecosystem concepts are discussed in the
scientific literature?

To build our research on a solid foundation, we analyzed related literature defining business
ecosystems, describing roles involved in business ecosystems, stages of business ecosystem evo-
lution, and types of business ecosystems. This foundational work discussed in Chapter 2 gives
a clear terminology used in the rest of the thesis.

Research question 2: What challenges do practitioners face when completing
ecosystem-related tasks?

Through our involvement in a smart city project, we identified challenges practitioners face
when analyzing their business ecosystem and taking related decisions. As described by Faber
et al. (2017), we developed initial business ecosystem visualizations to evaluate what insights can
be gained by following a visual approach (Iyer and Basole, 2016) targeting the specific project
business ecosystem (see Section 3.1.2). In addition, we designed an online survey to understand
what actions practitioners today already take to model and visualize the business ecosystem
of their interest as part of their daily business. We asked how active they are in the different
phases of modeling and visualizing their business ecosystem, and where they perceive major
challenges within their activities (see Section 3.2). The survey results were published by Faber
et al. (2018c).

Research question 3: What business ecosystem modeling approaches and visual-
ization tools have been presented in the scientific literature?

We conducted a systematic mapping study as a specific form of a systematic literature review
(Kitchenham et al., 2011; Petersen et al., 2008) to identify data-driven business ecosystem mod-
eling approaches with the goal to visualize the ecosystem entities and their relations. As we
envision to involve various ecosystem stakeholders in the modeling process, we searched for
related approaches in scientific literature. The related work is presented in Chapter 4.

Research question 4: What are tool requirements to visualize business ecosystems?

Based on the results of our relevance study (see Chapter 3) and the related work on visualizing
business ecosystems (see Chapter 4), we present the concept of our tool-support to collaboratively
model and visualize business ecosystems. We collected requirements as discussed by Faber et al.
(2019c¢), which we outline in Chapter 5. In addition, we describe the first version of a web-based
application (see Section 5.3) we developed to foster the discussion with ecosystem stakeholders
and to collect feedback for the second design cycle as proposed by Hevner et al. (2004).

Research question 5: How can business ecosystems be collaboratively modeled
considering necessary activities, roles, and artifacts?

As one main contribution, we designed an iterative modeling process which involves various
ecosystem stakeholders to contribute with their ecosystem-related requirements and knowledge
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(see Section 6.1) as described by Faber et al. (2018a,d, 2019b). We describe the respective
activities, proposed roles, and artifacts in detail.

Research question 6: How can a tool supporting the modeling process be designed?

The tool-support we developed in the second design cycle (Hevner et al., 2004) consists of a
web-based application and a meta-model based knowledge management system. Both is de-
scribe in Section 6.2. The tool is instantiated in the first iteration of the modeling process and
continuously adapted to address changes of the ecosystems and the changing requirements of
ecosystem stakeholders.

Research question 7: How can a business ecosystem be modeled and visualized
using Internet data sources?

As one evaluation method of the design artifact developed, we applied the tool-supported collab-
orative modeling approach to visualize a smart city mobility business ecosystem using Internet
data sources. The extension of the process to identify, assess, and use these data sources is
described in Section 7.4 including the created visualizations which eventually can be provided
to the public as discussed by Faber et al. (2018d).

1.3. Research design

The scientific work described in this thesis can be classified as design-oriented information system
research as it has been described in the memorandum by Osterle et al. (2010). Among others, the
memorandum provides “rules for rigorous research and security for researchers” (Osterle et al.,
2010, p.665). The related research results are artifacts in form of constructs — such as concepts,
terminologies, language — models, methods, and instances — as implementations of concrete
solutions as prototypes or productive information systems. Osterle et al. (2010) described the
knowledge process as iterations of

1. the analysis, to identify a research topic of relevance for practitioners or scientists and a
research plan how to address this topic,

2. a draft of the artifact developed, which differentiated from existing solutions,
3. the evaluation, to proof rigorousness as defined in the research plan, and
4. the diffusion, to spread the gained knowledge within the stakeholder group.

To ensure the differentiation of our research contribution, we conducted a systematic mapping
study as described in Section 1.3.1. The created research results — a framework comprising a
process to collaboratively model business ecosystems and the instance of a web-based application
providing interactive business ecosystem visualizations in form of a prototype — and the followed
research approach are discussed in Section 1.3.2.
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1.3.1. Systematic mapping study

To analyze existing scientific literature in a structured way, we conducted a systematic mapping
study between September and October 2018 as a specific form of a systematic literature review
(Kitchenham et al., 2011; Petersen et al., 2008). The detailed results are discussed by Riemhofer
(2019).

Overall, the guiding research questions were Research question 1 and Research question 8 aiming
at the identification of business ecosystem concepts in the literature. We targeted specifically
business ecosystem definitions, types, and visualization approaches and tools.

Process steps

Definition of Identification of T
; ) . Finalize literature
research aim and [ suitable queries — search
questions and data bases
L s Reading of title, Removing Reading relevant Forward &
Initial search abstract, 1 . —>1 —
keywords duplicates paper backward search
i i i i i
i i i i i
| i i i i
Amount of papers i i i i
1.842 382 258 118 136

Figure 1.2.: Search process of the systematic mapping study (following Petersen et al. (2008))

The systematic mapping process is visualized in Figure 1.2. In the following, we will describe
the conducted steps of searching, selecting, and analyzing existing scientific literature.

Selection of data sources and search strategy

For the selection of suitable databases, we identified research areas where research on business
ecosystems is conducted and presented: computer science, information systems, and manage-
ment theory.

For our mapping study we only used electronic databases. An extensive selection of databases
was the first step in fulfilling the research aim of a comprehensive overview of related research.
We selected the databases Association for Computing Machinery (ACM), Electrical and Elec-
tronics Engineers (IEEE), ScienceDirect, Scopus, SpringerLink, and Web of Science. These
databases cover publications of the previously identified research domains.

The search string consisted only of the term business ecosystem as described in Table 1.1 and
within the initial search only the titles, abstracts, and keywords were analyzed. If at least one
of these three contained the term business ecosystem, the record was included. This resulted in
1,842 records after the initial search.
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Table 1.1.: Search queries of the systematic mapping study to identify relevant business ecosys-
tem literature

Database Query
acmdlTitle:(+“business ecosystem”)
ACM OR record Abstract:(+‘business ecosystem”)

OR keywords.author.keyword: (+“business ecosystem"”)
(((“Document Title”:’business ecosystem’)
IEEE OR “Abstract”’business ecosystem’)
OR “Author Keywords”:’business ecosystem’)
Science Direct  “business ecosystem” on title, abstract, and keywords
TITLE-ABS-KEY (“business ecosystem”)
AND (EXCLUDE(DOCTYPE, “cr”) OR EXCLUDE(DOCTYPE, “re”)
Scopus OR EXCLUDE(DOCTYPE, “ed”) OR EXCLUDE(DOCTYPE, “le”)
OR EXCLUDE(DOCTYPE, “no”))
AND (LIMIT-TO(LANGUAGE, “English”))
Find Resources with all of the words business ecosystem
where the title contains business ecosystem
TITLE: (“business ecosystem”) AND TOPIC: (“business ecosystem”)
AND LANGUAGE:(English)
Refined by:|excluding| DOCUMENT TYPES:
(EDITORIAL MATERIAL OR CORRECTION)
AND [excluding] RESEARCH AREAS:
(FOOD SCIENCE TECHNOLOGY OR GEOGRAPHY OR HEALTH
CARE SCIENCES SERVICES OR MATHEMATICAL METHODS IN
SOCIAL SCIENCES OR MATHEMATICS OR ROBOTICS)

Springer Link

Web of Science

Inclusion and exclusion criteria

In the next process steps, relevant records were entered in the “pool of papers” (Wendler, 2012)
and irrelevant records were excluded. After reading the title, abstract, and keywords 382 articles
were labeled as relevant. We identified and removed 124 duplicates, leaving 258 relevant records.
Records were included in case they were written in English and the scope was related to business
ecosystems. We excluded records with a lack of business focus, i.e. interaction of multiple
actors crossing industries, but rather describing technical aspects or architectural descriptions
of ecosystems. Also, we excluded records with a biological ecosystem in focus. To maintain
high-quality standards, results with a “notice of violation” — or “notice of retraction” — note were
excluded as well. For the remaining records, a concept matrix (Salipante et al., 1982; Wendler,
2012) was created, consisting of the business ecosystem concepts definition, roles, phases, types,
visualizations, applications, and examples as described in Table 1.2.
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Table 1.2.: Concept mapping matrix characteristics

Concept Description and number of identified records
Business ecosystem definitions Either a new definition of business ecosystem is established,
it adds to an existing definition, sums up different definitions
or compares existing definitions.
58 papers identified

Business ecosystem roles The different roles ecosystem actors incorporate are de-
scribed, a new descriptive metaphor is established for these
roles or different roles are compared.

70 papers identified

Business ecosystem phases The paper establishes a business ecosystem life cycle, de-
scribes at least one state of a business ecosystem or it com-
pares different life cycle models.

29 papers identified

Business ecosystem types The paper describes at least one type of business ecosystem
or compares multiple types.
42 papers identified

Business ecosystem visualiza- The article contains at least one business ecosystem visual-
tions ization, describes how a business ecosystem can be visual-
ized, develops or uses a modeling or visualization tool.
43 papers identified
Business ecosystem applica- Applications of the business ecosystem concept both in re-
tions search and practice.
58 papers identified

Business ecosystem examples  Paper demonstrating a specific example of a business ecosys-
tem in a real world context, e.g., for Walmart or Alibaba.
49 papers identified

Records with at least one hit for these concepts were considered as relevant, leading to 118
records. Last, forward and backward citation search as proposed by Webster and Watson (2002)
was applied to these records. This led to the inclusion of 18 additional records.

Overall we analyzed 136 records in our mapping study. All identified records and the respective
concept matrix are listed in Appendix A.

Distribution of identified records

Of all 136 papers, books, and book chapters, the earliest was written by James F. Moore in 1993
who pioneered the term business ecosystem. The number of publications is rising continuously.
So far, 2018 is the year with the most publications, i.e. 21 records. Only three of the results
date back earlier than 2000, all are written by James F. Moore. In Figure 1.3 the distribution
of the 136 records per year is depicted.
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Figure 1.3.: Records per year (adapted from Riemhofer (2019))

In Chapter 2, the results of the systematic mapping study in terms of content related to the
foundation of business ecosystems are presented and discussed. This chapter covers the identified
definitions, roles, stages, and types of business ecosystems. The records related to the business
ecosystem visualizations are presented in detail in Chapter 4, with a focus on visualization tools
developed to support business ecosystem analysis.

1.3.2. Design science research

An established methodology in information system research is design science. We followed the
design science research methodology as presented by Hevner et al. (2004), which combines two
distinct paradigms: behavioral science and design science. We adapted the information systems
research framework to our research process described in this thesis (see Figure 1.4).

On one side of the framework, “the environment defines the problem space” (Hevner et al.,
2004, p.79) as the identified business need or “problem” practitioners face drives the design
of the artifact. We identified the challenges people face in organizations or as stakeholders
of a business ecosystem to collect and process the high amount of business ecosystem-related
information to analyze the business ecosystem and make educated ecosystem-related decisions.
In discussions with ecosystem stakeholders at the beginning of the scientific process, we identified
the problem to determine relevant companies and organizations addressing the same market for
future collaborations or as potential business competitors. We conducted an online-survey to
identify further challenges not only on a personal but also organizational level.

On the other side, “the knowledge base provides the raw materials from and through which

10
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Figure 1.4.: Information systems research framework (Hevner et al., 2004) adapted to the present
thesis’ contribution

information system research is accomplished” (Hevner et al., 2004, p.79). We have included
related work on business ecosystem modeling approaches, business ecosystem visualizations,
and visualization tools, which are also referred to as visual decision support systems to identify
a clear research gap which we address with this thesis.

In the center of the information system framework are the two processes building and evaluating
of an artifact designed to meet the identified business need (Hevner et al., 2004). We build an
instantiation of a web-based application to provide interactive business ecosystem visualizations
using a meta-model based knowledge management system. The prototype is instantiated and
used as a tool supporting a collaborative modeling process we designed. The second aspect is
the evaluation of the design science artifact to rigorously demonstrate the utility, quality, and
efficacy of the design artifact (Hevner et al., 2004). We describe our evaluation briefly as one of
the seven design principles we followed below and in detail in Chapter 7.

We followed the seven design principles as proposed by Hevner et al. (2004):

Design as an artifact. At the center of design science research is the creation of a purposeful
design artifact, which addresses an important organizational problem (Hevner et al., 2004).
Thereby, a design artifact can be an instantiation, a construct, a model or a method. In
this thesis, the artifact created is a framework which includes a collaborative process and
the prototypical implementation of a web-based application we conceptually designed.

11
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The aim of this tool is to support the process to create a model of any business ecosystem
by incorporating various ecosystem stakeholders and to provide interactive and tailored
visualizations as modeling outcome.

Problem relevance. As “the objective of research in information systems is to acquire knowledge

and understanding that enable the development and implementation of technology-based
solutions to heretofore unsolved and important business problems” (Hevner et al., 2004,
p.84), we regularly exchanged with practitioners of a specific business ecosystem to discuss
and propose solutions to their ecosystem-related problems. To broaden our understanding
of the state-of-the-practice and especially challenges perceived by stakeholders during their
business ecosystem analysis, we conducted an online-survey. Both are in detail discussed
in Chapter 3.

Design evaluation. To demonstrate the utility, quality, and efficacy of the design artifact pre-

sented in this thesis, we conducted multiple evaluation methods. “Because design is inher-
ently an iterative and incremental activity” (Hevner et al., 2004, p.85), we implemented
a preliminary version of the web-based application to collect feedback for the next design
phase. Therefore, we conducted eleven interviews in two interview rounds as discussed in
Chapter 5. The main design artifact of this thesis was evaluated as described in Chapter
7. Two case studies allowed us to study the artifact in depth in two practical environments
and an additional interview series targeted the usefulness of the web-based application.
In addition, we simulated the application of the design artifact for a specific business
ecosystem using real data.

Research contributions. The main contribution of this thesis is an evaluated framework to col-

laboratively model and visualize business ecosystems. We designed a process which is
applicable to various business foci. Within the process the business ecosystem is col-
laboratively modeled. We have identified roles used in group modeling and transferred
these to ecosystem-related activities during the modeling process. We conceptualized a
tool-support for this process which was prototypically implemented by us and thoroughly
evaluated.

Research rigor. To ensure the research rigor, we analyzed existing scientific literature addressing

business ecosystems. We conducted a systematic mapping study and report about the
findings regarding the foundations of business ecosystem research in Chapter 2. The
related work on visualizing business ecosystems and especially tools to provide interactive
visualizations of business ecosystems is discussed in Chapter 4. The results of the mapping
study let to the identification of the research gap we address with this thesis.

Design as a search process. As “design is essentially a search process to discover an effective so-

12

lution to a problem” (Hevner et al., 2004, p.88), we structured this thesis according to
our search process. After the foundation of business ecosystem research, we present first
interactions with ecosystem stakeholders to identify their ecosystem-specific challenges in
Chapter 3. Early in our research, we applied a visual approach implicating that visual-
izations are helpful to gain insights of the business ecosystem. This was followed by an
online survey we conducted to identify the state-of-the-practice and ecosystem modeling
related challenges. Next, the research gap was determined by analyzing related literature
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addressing the visualizing of business ecosystems and including ecosystem stakeholders
in the entire modeling process. We developed an initial prototype, which we evaluated
through two interview series. The feedback was used to develop the framework as our
design artifact. Finally, we evaluated the framework using multiple evaluation methods.

Communication of research. We communicated our research results both to “technology-oriented
as well as management-oriented audiences” (Hevner et al., 2004, p.90). For the technology-
oriented audience we chose scientific conferences and journal publications to present our
research preliminary and partial results in the various stages of our research process. We
targeted conferences with a focus on Information Systems (IS) and discussed the results
presented and potential next steps of the design. As management-oriented audience we
used our close connection to ecosystem stakeholders of a project ecosystem and industry
partners during our design evaluations. A list of the main publications is included in the
fourth column of Figure 1.5.

1.4. Outline of this thesis

This thesis is organized in eight chapters describing the research process and the contributions
in the form of research results and artifacts, which we designed and evaluated, as visualized in
Figure 1.5.

We will briefly describe the contributions of this thesis using the chapter outline.

Chapter 2: Foundation briefly introduces existing scientific literature on business ecosystems.
The results of the systematic mapping study are presented regarding business ecosystem
definitions, characteristics, roles within business ecosystems, and the stages of business
ecosystem evolution. Furthermore, the different types of business ecosystems we identified
are presented including a characterization of the relationships between these types.

Chapter 3: Relevance of Business Ecosystem Analysis in Practice describes our interaction with
practitioners and business ecosystem stakeholders and the identified challenges of these
stakeholders. We describe our involvement in a research project contributing to the estab-
lishment of a specific business ecosystem. Preliminary visualizations to better understand
a related business ecosystem are discussed. Finally, the results of an online survey we con-
ducted to grasp the state-of-the-practice in German companies of modeling and visualizing
business ecosystems are presented.

Chapter 4: Related Work uses the insights gained in the previous chapters and focuses on the
related work specifically targeting the visualizing of business ecosystems. Therefore, again
the results of the systematic mapping study are used and the relevant records described
in more detail. It closes with the presentation of the identified research gap.

Chapter 5: Identification of Tool Requirements summarizes the requirements towards a tool-
support targeting the visualization of business ecosystem data. The requirements are based
on the concept of the designed prototype, are drawn upon explicitly stated requirements
of previously described related work, and the insights we gained through the continuous

13
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Figure 1.5.: Structure, contributions, and publications of this thesis

interaction with ecosystem practitioners. As the design process is iterative in its nature,
this chapter presents the first version of the prototype and the respective evaluation.

Chapter 6: Tool-Supported Business Ecosystem Modeling presents the design of the research arti-
fact in form of a method to collaboratively model business ecosystems and the prototypical
implementation of a web-based application to visualize business ecosystems supporting this
process. The process activities, involved roles, and artifacts created and used within the
process are described. For the instance of the tool-support a knowledge management sys-
tem was used which provides features necessary to include various ecosystem stakeholders
and support the evolution of the business ecosystem model. The system is presented as
well as the prototypical implementation of the web-based application. Finally, the chapter
closes with a description of two use cases for the application of the developed tool-supported
process.

Chapter 7: Evaluation represents the second major contribution of this work: the evaluation
of the design artifact. The three evaluation approaches in form of two case studies, an
interview series, and a simulation are described.

14
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Chapter 8: Conclusion summarizes on the research contributions presented in this thesis reflect-
ing on the research questions. The limitations of the research approach followed, the results
achieved, and the evaluation methods applied are described. Finally, open questions and
possible future work are outlined.

15
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CHAPTER 2

Foundation

In order to build this thesis on a clear scientific foundation, we have systematically analyzed
literature on business ecosystems. We conducted a systematic mapping study (cf. Section
1.3.1), which provided “an understanding of how the field of business ecosystem research evolved,
shedding light on the points of consensus and divergences among scholars and diagnosing whether
the intellectual structure within the discourse of a given theme has been properly discussed in
the field” (Gomes et al., 2018, p.2). In this chapter, key insights we gained about business
ecosystem literature are presented.

In the following, we present scientific work on business ecosystem definitions and characteristics
(see Section 2.1), the dimensions of and roles in business ecosystems (see Section 2.2), the
evolution stages of business ecosystems (see Section 2.3), and the different types of business
ecosystems we identified (see Section 2.4). Based on the description of the business ecosystem

types, we discuss the relationship between these ecosystem types as presented by Faber et al.
(2019d).

Finally, Section 2.5 is dedicated to a brief summary of the business ecosystem foundations and
terminology we use as the baseline for this thesis.

2.1. Business ecosystem definitions and characteristics

In 1993, James F. Moore, at that time the president of GeoPartner Research Inc, pioneered
and defined the term business ecosystem in his Harvard Business Review article “Predators and
Prey: A New Ecology of Competition” (Moore, 1993):

“A business ecosystem [...] crosses a variety of industries. In a business ecosystem, com-
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panies coevolve capabilities around a new innovation: they work cooperatively and compet-
itively to support new products, satisfy costumer needs, and eventually incorporate the next
round of innovations.” Moore (1993, p.76)

He saw the similarities between natural ecosystems, which sometimes collapse due to too radical
changing environmental conditions, and businesses dealing with challenges of innovation. He
observed how the changing ecology of business competition affected companies and how these
companies were trying to understand and shape the transformation (Moore, 1996). Already in
this first definition, the cooperation and competition between companies active in the business
ecosystem are mentioned. One aspect, differentiating a business ecosystem from a classical
supply chain, which only includes the business partners that collaborate direct or indirect to
develop products and services.

Three years later, Moore published the book “The Death of Competition: Leadership and Strat-
egy in the Age of Business Ecosystems”(Moore, 1996) describing the concept and characteristics
of business ecosystems in more detail including the necessary changes of management strategies
to address this new business phenomenon. In this book, Moore defined business ecosystems
more precisely.

“Business FEcosystem. An economic community supported by a foundation of interacting
organizations and individuals — the organism of the business world. This economic com-
munity produces goods and services of value to customers, who are themselves members of
the ecosystem. The member organisms also include suppliers, lead producers, competitors,
and other stakeholders. Owver time, they coevolve their capabilities and roles, and tend to
align themselves with the directions set by one or more central companies. Those compa-
nies holding leadership roles may change over time, but the function of ecosystem leader
is valued by the community because it enables members to move toward shared visions to
align their investments, and to find mutually supportive roles.” Moore (1996, p.26)

Compared to his first definition, now not only organizations but also individuals are part of the
economic community of a business ecosystem. In this definition, Moore described the “ecosystem
member organisms”’ — using the metaphor of biological ecosystems — such as suppliers, lead
producers, competitors, and other stakeholders.

To emphasize how much broader the business ecosystem is compared to the core business and
even the extended enterprise, he visualized “a more or less typical business ecosystem” (Moore,
1996, p.27) as depicted in Figure 2.1.

In this illustration, the “other stakeholders”, as referred to in the definition, are described as
investors or trade associations but also governmental agencies and quasi-governmental regulatory
organizations. The business ecosystem also includes “direct competitors, along with companies
that might be able to compete” (Moore, 1996, p.27). All members located in the center have
a high stake in the value creation, which decreases the further away the members are from the
core business.

The book addressed strategic managers by giving advice on which questions to ask when ana-
lyzing their company’s business ecosystem, such as “Who are the leaders (of the business ecosys-
tem)? [...] What are the most important threats to this business ecosystem, now and in future?”

18
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Figure 2.1.: A business ecosystem in relation to the core business and extended business (Moore,
1996, p.27)

(Moore, 1996, p.44). The advice given in the book is intended to enable executives to “become ul-
trasophisticated at developing business models for their respective communities” (Moore, 1996,
p.57). Thereby, “the goal is not to become an industry leader, but to be a destroyer of old
industries and creator of new ones” (Moore, 1996, p.55).

After Moore’s publications, Marco lansiti and Roy Levien were the first to pick up the business
ecosystem topic in 2001. They analyzed and described the particular challenges and opportuni-
ties of business ecosystems. Similar to Moore, they also used the metaphor of natural ecosystems
in biology for their definition as “this analogy operates at many levels: firms, business units, tech-
nologies, and products all exhibit networks of interdependencies and ecosystem-like dynamics”
(Tansiti and Levien, 2004a, p.35).

“Like biological ecosystems, business ecosystems are formed by large, loosely connected net-
works of entities. Like species in biological system, firms interact with each other in com-
plex ways, and the health and performance of each firm is dependent on the health and
performance of the whole. Firms and species are therefore simultaneously influenced by
their internal capabilities and by the complex interactions with the rest of the ecosystem.”
Tansiti and Levien (2004a, p.35)

The authors defined three success factors for a business ecosystem adapted from biology:

1. productivity, which measures whether and how effectively an ecosystem can turn resources
and the core value into economically measurable success,
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2. robustness, which describes how predictable an ecosystem is regarding sudden changes or
transformations, and

3. niche creation, which stands for the ability to create variations, innovation, and new busi-
ness models.

In addition, lansiti and Levien (2004b) emphasized the influence of the ecosystem health on
the health of each firm within the ecosystem. They used the examples of AOL and Yahoo as
companies which financially weakened members of their business ecosystem with their aggressive
deals, taking “an action without understanding the impact on [...] the ecosystem as a whole”
(Tansiti and Levien, 2004b, p.10).

After the publications of Moore, and lansiti and Levien, research on business ecosystems was
published more frequently in the scientific literature (see Figure 1.3). All general definitions
of business ecosystems, i.e. definitions not describing a specific business ecosystem type, we
identified through the systematic mapping study are listed in Appendix B. In the following, we
present characteristics and definitions of business ecosystems, which, in our opinion, contribute
to a sound knowledge of how the related research evolved.

Peltoniemi and Vuori analyzed the already existing definitions of business ecosystem concluding
with their definition that includes four “relevant complexity concepts”’(Peltoniemi and Vuori,
2004, p.10).

“A business ecosystem (is) a dynamic structure which consists of an interconnected pop-
ulation of organizations. These organizations can be small firms, large corporations, uni-
versities, research centers, public sector organizations, and other parties which influence
the system. [...] Business ecosystem develops through self-organization, emergence and
coevolution, which help it to acquire adaptability. In a business ecosystem there is both
competition and cooperation present simultaneously.” Peltoniemi and Vuori (2004, p.13)

The authors describe these four relevant concepts of business ecosystems:

1. self-organization, as participants of a business ecosystem are gathered voluntarily and
without external or internal leader,

2. emergence, as the result of interactions between different ecosystem units is something,
which no one of those units could produce by oneself; a business ecosystem is always more
than the sum of its part,

3. co-evolution, which appears within business ecosystems, as the evolution of one com-
pany affects the evolution of other companies; also, strategic changes of one company
can strongly affect other companies in its ecosystem, and

4. adaptability, the whole ecosystem adapts to changed conditions by emergence, co-evolution,
and self-organization.

Thereby, the first concept, self-organization, contradicts to the definition of Moore (1996) and
also the roles discussed by Iansiti and Levien (2002) as they described central companies holding
leadership or keystone players (cf. Section 2.2). Peltoniemi and Vuori might only refer to the
influence of governments at this point, as they outlined “there may be some control and incentives
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set by government, but in general companies are free to create the kind of structures they prefer”
(Peltoniemi and Vuori, 2004, p.10).

Business Ecosystem

Policies & Legal

Environment Technology Change

Extended Enterprise

Core Business

S.OC'aI Research Insights
Environment

\ Competition/ Customer
Co-opetition Demand

Figure 2.2.: Sub-ecosystems within the business ecosystem (Heikkild and Kuivaniemi, 2012, p.22)

Heikkild and Kuivaniemi specified Moore’s framework by introducing six ecosystem sub-sectors,
as visualized in Figure 2.2. Each sub-sector represents an important aspect of the whole busi-
ness ecosystem. Dividing the business ecosystem into these sub-sectors helps to overcome the
challenge of recognizing “who are the next actors or areas that should be contacted and involved
in collaboration” (Heikkild and Kuivaniemi, 2012, p.22):

1.

technological change, to identify the potential (information) technologies for the business
and to contact the respective suppliers,

. research insights, to include research and development (R&D) and research projects related

to the topic of the business,

customer demand, to involve customers through customer co-creation which helps to iden-
tify trends and changing demands,

competition/co-opetition, to try competitors into co-opetitors, as competitors might have
some specific knowledge or capabilities relevant for the business,

social environment, to collaborate with various kinds of associations and societies which
helps to keep track of social change, such as changing work practices, processes, culture,
and social mood, and

. policies and legal environment, to be aware of legal aspects, such as work regulations or

privacy laws, influencing for the pursued business model.

In 2010, Zhang and Fan analyzed the current state and research trends on business ecosystems.
According to the authors, the evolution of business ecosystems is driven by internal and ex-
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ternal factors (Zhang and Fan, 2010). While the internal factors are the interactions between
individuals, including collaboration and competition, the three external factors are:

1. the competition with other ecosystems,
2. the economic, social, political as well as the legal environment, and

3. the natural environment that supplies the material resources for business ecosystem’s sur-
vival.

They provide a business ecosystem definition as well:

“Business ecosystem is an open, dynamic and selforganizing system based on the interac-
tions of entities that evolve over time.” Zhang and Fan (2010, p.3)

This definition includes the three characteristics of openness, which enables new entities to
enter and leave the ecosystem, dynamic, through the changes of interaction and constellation
of the ecosystem entities, and self-organization, similar to the concept of Peltoniemi and Vuori
(2004).

In 2015, Basole et al. (2015) developed a data-driven approach to provide ecosystem stakeholders
with interactive visualizations. They focused especially on the complex network of relations
between ecosystem entities:

“Business ecosystems consist of a heterogeneous and continuously evolving set of individuals
and firms that are interconnected through a complex, global network of relationships. These
firms come from a variety of market segments, each providing unique value propositions.”
Basole et al. (2015, p.1)

The work of Rahul C. Basole and his colleagues is discussed in more detail in Chapter 4.

Adner (2017) presented a “clear definition” of an ecosystem to name explicitly “its implications,
its boundaries, and its relationship with alternative perspectives” (Adner, 2017, p.2), namely
the ecosystem-as-structure perspective:

“IThe ecosystem is defined by| the alignment structure of the multilateral set of partners
that need to interact in order for a focal value proposition to materialize.” Adner (2017,

p.2)

He identified two distinct views on business ecosystem theory, namely “ecosystem-as-affiliation,
which sees ecosystems as communities of associated actors defined by their networks and platform
affiliations; and |[...| ecosystem-as-structure, which views ecosystems as configurations of activity
defined by a value proposition” (Adner, 2017, p.2).

The first view targets an industry or a company network similar to the biological metaphor of an
ecosystem, as Moore (1993, 1996) proposed it. The focus is on ecosystem entities breaking down
traditional industry boundaries (Moore, 1996; Mékinen and Dedehayir, 2012; Fragidis et al.,
2007a). The entities cooperate and compete at the same time (Heikkild and Kuivaniemi, 2012),
leading to constant innovation of all organizations within the ecosystem (Moore, 1993). This
concept is followed when analyzing organizations’ ecosystems, such as WalMart (Moore, 1996;
Tansiti and Richards, 2006), Amazon (Isckia, 2009), Alibaba (Tan et al., 2009), Walt Disney (Lyu
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et al., 2013), or Cisco (Li, 2009). Some depicted a static contemporary situation of a business
ecosystem, while others looked at the development discussing success (Isckia, 2009) and failure
(Tellier, 2017) of the respective business ecosystem.

The second view, ecosystem-as-structure, for which Adner “suggest|s| a new set of questions for
strategy research” (Adner, 2017, p.2), focuses on a value proposition or innovation which is in
the center of the business ecosystem (Isckia, 2009). After identifying this value proposition or
innovation, the companies relevant to offer the value proposition or contribute to the innovation
are collected (Adner, 2017). The business ecosystem consists of a set of organizations from
different industries, but in the core of the business ecosystem is a value rather than a company.
Examples from literature are Taobao.com (Li et al., 2018; Zhang and Wang, 2018; Rong et al.,
2018c¢), Alipay (Guo and Bouwman, 2016) or the health and life science business ecosystem in
San Diego (Majava et al., 2016).

Recently, Sako (2018) defined three meta-characteristics of business ecosystems:

1. sustainability, which implies that the ecosystem can thrive without outside influence or
assistance,

2. self-governance, which implies the ecosystem is not dependent on an outside force, nor is
it controlled by a single dominant actor within the ecosystem, and

3. evolution, the business ecosystem ability to evolve through competition and experimenta-
tion.

He also provided a definition addressing a better distinction of the ecosystem concept from
clusters or networks.

“A business ecosystem is a collection of business and other actors with resources operating
as an interdependent system. Business ecosystems differ from clusters in sustainability,
self-governance, and capacity to evolve over time.” Sako (2018, p.21)

Thereby, business ecosystems can be “thin on the meta-characteristics” (Sako, 2018, p.21) as
platform-based ecosystem such as Apple or Google on self-governance and evolution due to
the dominant role of the platform in this kind of ecosystem; or “more complete in their meta-
characteristics” (Sako, 2018, p.21) as for example the startup or mobility ecosystem.

Overall, all definition can be considered rather similar often referring to the original definition as
provided by Moore (1993, 1996) or lansiti and Levien (2004a,b). Summarizing the definitions,
the core elements of a business ecosystem are a loosely connected network of actors from various
industries, which can play different roles within the ecosystem (see Section 2.2), and depend on
each other for the ecosystem to survive (Peltoniemi and Vuori, 2004; Peltoniemi, 2006; Fragidis
et al., 2007a; Shang and Shi, 2012; Rong and Shi, 2014). The metaphor of biology is often picked
up again to emphasize the roles ecosystem entities occupy or the evolution of the ecosystem.
Both are described in the following.
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2.2. Business ecosystem dimensions and roles

Moore (1996) mentioned the roles of customers, organizations, stakeholders, and the government;
the value of and the value flows within the ecosystem, products and processes; and constructs,
namely markets and society. He identified “seven dimensions of competitive advantage” (Moore,
1996, p.63):

1. customers,
markets,
products,
processes,
organizations,

stakeholders, and

NS e N

government and society.

All influence each other respectively and not only the core business around which the business
ecosystem spans. Customers and society define the demand of a market and thus the value.
The government sets rules, creates incentives, and might even shape the demand as well. Or-
ganizations create products through processes and stakeholders influence single organizations
or the government through lobbying. However, entities within the business ecosystem rarely
change roles. An organization, a stakeholder, or the government can be customers, but all other
dimensions — markets, society, products, and processes — do not change.

The customer role was emphasized often in following business ecosystem literature (Fragidis
et al., 2007a,b; Hou et al., 2010; Joo and Marakhimov, 2018), as customers greatly shape the
demand of the product or service of the core business. Customers — or end users (Giesecke,
2014) — get more and more involved in the value creation and potentially become co-creators.
Fragidis et al. (2007a) even proposed a customer-centric business ecosystem as specific business
ecosystem type (see Section 2.4).

Tansiti and Levien (2002, 2004a) defined four roles of actors in business ecosystems considering
their relevance and influence within the ecosystem:

1. keystones, an entity with a central position within the business ecosystem, which guides
other entities and campaigns for the overall ecosystem health,

2. niche players, these entities are not in the center of the business ecosystem, but are still
important for the value creation,

3. dominators, organizations that use vertical or horizontal integration to gain control over
the whole ecosystem, and

4. hub landlords, similar to the keystones, except that hub landlords try to extract as much
value from the ecosystem as possible without supporting it.

A healthy business ecosystem comprises only of keystones and niche players (Iansiti and Levien,
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Business Ecosystem

< Niche player

Figure 2.3.: Moore’s framework with the Iansiti and Levien’s roles (adapted from Riemhofer

(2019))

2004a). As depicted in Figure 2.3, the core business includes the keystones and some important
niche players, while most of the niche players are located in the two outer circles, the extended
enterprise and business ecosystem. A dominator strategy is not necessarily unhealthy for a
business ecosystem (lansiti and Levien, 2004a) but as soon as a keystone organization pursues
the dominator strategy and takes over its respective business ecosystem, the ecosystem might not
be loosely coupled any more. The dominator directly controls all resources and values. A hub
landlord endangers the overall ecosystem health as it extracts the value from the ecosystem.

Other terms, such as leaders and followers (Sun et al., 2018), have been used in literature to
describe keystones and niche players. Kim et al. (2010) added a fifth role to the ‘keystone -
niche’ concept: the flagship as depicted in Figure 2.4. A flagship is not the central hub of an
ecosystem, but it still inhabits an important hub location and thus connects more niche players
to the central keystone. Due to their centrality and importance within their business ecosystems,
flagships are located in one of the inner circles of Moore’s framework.

Describing the electric mobility business ecosystem, Giesecke (2014) used other behavioral de-
scriptions for the roles within a business ecosystem:

1. aggregators and providers, which are the keystones of the business ecosystem as they ag-
gregate the assets from the input providers and enablers to create and provide the core
value of the business ecosystem,

2. input providers, which are comparable to niche players as they influence the production of
the value by providing inputs such as material, energy, information or funding that change
during the production process,
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Business Ecosystem

-

Figure 2.4.: A conceptual business ecosystem with business ecosystem entities acting as flagships
(adapted from Kim et al. (2010))

3. enablers, who are also some kind of niche players that provide tangible or intangible as-
sets and differ from input providers as their assets, such as software products or process
analyses, can change in the production process,

4. governors, influencing the ecosystem by setting the rule frame (in terms of, e.g., standards
or policies), and

5. end users, who consume the core value of the ecosystem.

Moore’s seven dimensions not only include the actors but social constructs that set the stage for
a business ecosystem (Moore, 1996). Analyzing the relevance of the ecosystem actors, all role
definitions include some form of an ecosystem leader (Sun et al., 2018), either the keystone, dom-
inator, or hub-landlord (Tansiti and Levien, 2004a), or the aggregators and provider (Giesecke,
2014). Other organizations within a business ecosystem take up different roles around these
leaders but are still essential for their respective business ecosystem. The role of the customers,
or end users, is explicitly stretched as they shape the demand and cause the business ecosystem
to innovate.

2.3. Business ecosystem stages

Using the metaphor from biology again, Moore described the evolution of business ecosystems
as “a series of four roughly sequential stages” (Moore, 1996, p.69):

Stage |: Pioneering an ecosystem. A viable new business ecosystem is searched for in which ca-
pabilities can be linked to create core offers on which to build. It is relevant for the further
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development of the business ecosystem that the value generated is much superior to the
status quo. It is a phase which includes brainstorming and idea development.

Stage |I: Expansion of an ecosystem. Starting from a core set of strategic relationships and in-
vests, the community broadens its scope to establish a critical mass. A successful paradigm
must be made more reliable and replicable.

Stage Ill: Authority in an established ecosystem. The community architecture becomes stable,
and competition for leadership and profits within the business ecosystem gets brutal.
New entities might enter the business ecosystem, and competition turns inward as well
as outward.

Stage IV: Renewal or death. Either - or phase. Continuing innovation must take place for the
community to thrive and new ideas must be incorporated. Otherwise the ecosystem be-
comes obsolete and dies.

The four stages are visualized in Figure 2.5. Each evolutionary stage comprises cooperative and
competitive challenges in order to maintain a healthy ecosystem along each phase.

Stage I Stage Il Stage Il Stage IV:
Pioneering Expansion Authority Renewal or Death

Figure 2.5.: The four evolutionary stages of a business ecosystem (Moore, 1996)

In their book “Business Ecosystems: Constructs, Configurations, and the Nurturing Process”,
Rong and Shi (2014) describe five phases of business ecosystem evolution learning from three
cases — ARM Limited, Intel Corporation, and MediaTek Inc. — and a following cross-cases
analysis:

Phase 1: Emerging. A new solution is proposed. Together with partners, the supply chain is
initiated for the new market.

Phase 2: Diversifying. The supply chain tries to adapt to market uncertainties by diversifying
the solution. The network of cooperating ecosystem entities is very flexible.

Phase 3: Converging. The market specializes in the selected solution to offer. The partners’
networks become integrated and focused on those specialized markets.

Phase 4: Consolidating. The ecosystem tries to create the dominant design and might last for
a long time. The network of collaborating ecosystem entities is stable and forms a close
alliance for mass production of that dominant design.

Phase 5: Renewing. Niche markets are emerging, and the original market might be replaced by
the emerging market. Ecosystem entities re-enter, the partners’ network reorganizes itself
to address changes, and the previous phases repeat.

The five phases are similar to the stages proposed by Moore (1996). The second stage was split
by Rong and Shi (2014) into two phases: diversifying and converging. The final phase, renewing,
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Business Ecosystem Life Cycle

Scale: Market

1. Emerging 2 Diversifyingé& Converging: 4. Consolidating : 5. Renewing

Figure 2.6.: The business ecosystem life cycle as presented by Rong and Shi (2014, p.140)

is equal to Moore’s phase four, as the failure in niche creation leads to recession and, finally, the
death of the ecosystem. The market scale of each phase is depicted in Figure 2.6.

Zhang and Wang (2018) analyzed institutional and strategic works of Alibaba in building the
Taobao e-commerce ecosystem, and slightly adapted Moore’s four stages of business ecosystem
evolution. They consolidated the stages two and three into expansion and leadership. As they
analyzed the specific and successful case of Alibaba and Taobao, their third and final phase
includes only the self-renewal.

2.4. Business ecosystem types

Finally, we describe the various types of business ecosystems discussed and analyzed in the
scientific literature. We explain the similarities and differences between ten identified types and
set them in relation to each other.

Platform business ecosystem. A platform business ecosystem incorporates a platform as the key-
stone entity of the business ecosystem, a central hub to which other entities connect. A
platform is created by the keystone organization(s) and offers solutions that can be lever-
aged by other members of the ecosystem (Iansiti and Levien, 2004b). An example of such
a platform business ecosystem is Apple’s App Store, through which Apple and third-party
developers sell software applications (Apps) that users of Apple devices can download.
Every App extends the functionality of Apple’s devices, thus increasing its value (Basole
and Karla, 2011).

A business ecosystem and a platform business ecosystem only differ in the core value: while
a product or service provided by one or more keystones is the heart of a business ecosystem
as defined by Moore (1996) and others, the platform is the center of the platform business
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ecosystem. As for Apple, the App Store is the core value rather than the iPhone, because
the phone would lack value without third-party Apps.

Innovation ecosystem. Even though some scholars use the term innovation ecosystem synony-
mous to the term business ecosystem (Gawer and Cusumano, 2014; Overholm, 2015), we
distinguish between these two concepts (following Scaringella and Radziwon (2018)).

Adner and Kapoor (2010) were among the first to describe an innovation ecosystem. Start-
ing from a value chain, they included the core innovator as well as the upstream suppliers
and the downstream buyers and complementors. This definition fits the ‘keystone - niche’
concept introduced by Iansiti and Levien (2004b). However, it does not include other enti-
ties relevant for business ecosystems, such as the government or research bodies. Both were
added by Bodde and Taiber (2014), who further defined criteria for building innovation
ecosystems:

1. there are many new, rapidly developing, and distinct technologies in the market,
2. these technologies create the most value when combined, and
3. organizations new to the field enter the ecosystem.

Contrary to traditional business ecosystems, which are based on the exploitation of re-
sources and cost-reduction to create values to its customers, an innovation ecosystem is
neither distributed around an existing product or service, but rather an innovation (Gomes
et al., 2018; Valkokari, 2015). Innovation actions occur when the market demands change
or new technologies disrupt the markets (Annanperé et al., 2015). Even though innovation
is an essential aspect of business ecosystems, it is not the base of it.

Examples for innovation ecosystems are the ecosystem that formed around the smartphone
when it was invented, with Apple claiming a keystone spot at an early stage. A more
current example is Tesla (Bodde and Taiber, 2014).

Software ecosystem. Jansen et al. defined a software ecosystem as “a set of businesses function-
ing as a unit and interacting with a shared market for software and services, together with
the relationships among them. These relationships are frequently underpinned by a com-
mon technological platform or market and operate through the exchange of information,
resources and artifacts” (Jansen et al., 2009, p.187f).

The software ecosystem is another subtype of business ecosystems (van den Berk et al.,
2010; Hyrynsalmi et al., 2015) and is an adaption of a business ecosystem to the software
industry, where the center can be either one or more software vendors (Popp, 2010), a
software platform or a programming language (Jansen et al., 2009).

Knowledge ecosystem. A knowledge ecosystem differs from a business ecosystem in three ways
(Clarysse et al., 2014):

1. the ecosystem’s focus activities,
2. the players’ connectivity, and

3. the keystone player.
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According to Scaringella and Radziwon (2018), this type of ecosystem is located around a
university, focusing on knowledge generation and is usually geographically localized with
proximity. As key stakeholders, they identify large firms with established R&D depart-
ments, small and medium enterprises (SME), and start-ups.

Digital business ecosystem. The European Union initiated the digital business ecosystem ap-

proach to strengthen the competitiveness of SMEs in the European Union. Initially, it was
designed to supply SMEs with free software tools to help them grow and develop (Stanley
and Briscoe, 2010). The digital business ecosystem essentially is a platform ecosystem,
which is described in detail by Corallo (2007).

Mobility business ecosystem. As the concept of smart cities gained popularity and (smart) mo-

bility ecosystem being one aspect of it, mobility ecosystems were described applying the
business ecosystem concept. The mobility business ecosystem includes innovative mobility
services such as ride sharing, connected cars, and driver-less transportation (Sako, 2018).
In addition, the actors are OEMs and their suppliers, public transportation, existing orga-
nizations without prior experience in the field, and research and regulatory bodies (Faber
et al., 2018a). The mobility business ecosystem can be seen as a subtype of innovation
ecosystems.

loT business ecosystem. Another business ecosystem type was created with the emergence of the
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Internet of Things (IoT). Mazhelis et al. defined the respective IoT business ecosystem as
“a special type of business ecosystem which is comprised of the community of interacting
companies and individuals along with their socio-economic environment, where the com-
panies are competing and cooperating by utilizing a common set of core assets related to
the interconnection of the physical world of things with the virtual world of the Internet.
These assets may be in the form of hardware and software products, platforms or stan-
dards that focus on the connected devices, on the connectivity thereof, on the application
services built on top of this connectivity, or on the supporting services needed for the pro-
visioning, assurance, and billing of the application services” (Mazhelis et al., 2012, p.5).
They further specified the behavior-wise roles of an IoT ecosystem, including regulatory
and legislative bodies such as governments, and adopted the ‘keystone - niche’ concept
introduced by lansiti and Levien (2004a).

In 2017, Papert and Pflaum (2017) developed guidelines for developing an IoT business
ecosystem:

1. define the IoT service, which will be the core of the business ecosystem,
2. determine own value contributions,

3. identify necessary complementors for the value creation,

4

. initiate the business ecosystem, build and foster relations with other organizations
necessary for the value creation and delivery,

o

negotiate compensation for valuable contributions, and

6. realize the desired IoT service.
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Entrepreneurial Ecosystem. This ecosystem type is described in the literature with the name
entrepreneurial or start-up business ecosystem. Scaringella and Radziwon (2018) described
it as

1. the government’s role is to nurture and sustain entrepreneurship; and
2. the ecosystem is purposely built around an entrepreneur or entrepreneurial teams.

Other, already existing enterprises and organizations, such as universities, are involved in
the ecosystem as well.

Sako (2018) characterized it as an ecosystem consisting of start-up related organizations,
such as entrepreneurs, investors or end users, who collaborate to form a new start-up.

Internet business ecosystem. The Internet business ecosystem is the ecosystem around the In-
ternet as the core value (Bai and Guo, 2017). It is a specific type of platform business
ecosystem.

Mobile Internet business ecosystem. The mobile Internet business ecosystem is a subtype of the
Internet ecosystem (Bai and Guo, 2017). It itself is a subtype as well, essentially describing
platform ecosystems such as Google’s Android or Apple’s iOS (Gueguen and Isckia, 2011).
Sometimes being called mobile OS business ecosystem (Yang et al., 2018), a mobile business
ecosystem sets the respective platform in its center and develops around it.

Customer-centric business ecosystem. Fragidis et al. (2007a,b) extended the platform ecosystem
by adding customers in a keystone position connected to the platform in the center. The
customers are involved in the idea generation and product/service development.

In addition to its extension of the platform ecosystem concept, it is a type of knowledge
and innovation ecosystem by including customers in the generation and sharing of ideas
and their knowledge.

Family spin-off business ecosystem. A family spin-off business ecosystem as described by Lozano
(2017) is happening in case the spin-off splits up from the family company. The ecosystem
consists of five major components:

1. the family, providing and committing financial assets,
2. the family business, providing financial aid and knowledge,

3. the project committee, a decision body inside the family business assessing the spin-off
and deciding on the level of support it will retrieve,

4. the environment, guiding and supporting the spin-off, and

5. the spin-off enterprise as the center of the family spin-off business ecosystem.

Overall, the most often vividly discussed type of ecosystem in the literature is the innovation
ecosystem with thirteen papers dealing with this type. This is analogous to the result of the
literature review by Scaringella and Radziwon (2018). Gomes et al. (2018) analyzed literature
with the focus on innovation ecosystem and when it established apart from the business ecosys-
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tem research. Platform ecosystems are the focus of eight papers we identified. Software and
mobile business ecosystem were both presented in six papers.

2.4.1. The relation between business ecosystem types

According to the description of each business ecosystem type, we mapped the types and their
relation to each other in Figure 2.7. In a first step, we identified two perspectives in which a
business ecosystem and thus ecosystem type can be looked at.

One is an organizational perspective. It has the enterprise — or multiple enterprises such as the
entrepreneurial group or the family spin-offs — in focus. The business ecosystem is the collection
of all other entities in relation to this enterprise.

Organizational Perspective Idea/Product/Service Perspective

Software

Ecosystem /

Internet Business
Ecosystem

Mobile Business
Ecosystem
Digital Business
Ecosystem

Customer-centric
Business Ecosystem

Platform Business
Ecosystem

Entrepreneurial
Ecosystem

loT Business
Ecosystem

Family Spin-Off
Business Ecosyste

Knowledge
Ecosystem

Innovation
Ecosystem

Mobility Business
Ecosystem

Figure 2.7.: Relation between identified business ecosystem types in scientific literature (Faber
et al., 2019d)

The other perspective is the idea, product or service perspective. This perspective has a value
creation — in the form of an idea, a product or service — in the center of the business ecosystem
similar to the ecosystem-as-structure concept by Adner (2017). Three in the scientific literature
often discussed business ecosystem types are the platform business ecosystem, the knowledge
ecosystem, and the innovation ecosystem. Subtypes of the first mentioned ecosystem type are
Internet business ecosystem with the mobile Internet business ecosystem as a further subtype
and the digital business ecosystem. As within an IoT business ecosystem both the platform
used to connect multiple devices to share data generated can be in focus but also the data
and knowledge created with this data as such, this subtype is positioned in the intersection
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of knowledge and platform business ecosystem. As the mobility business ecosystem addresses
innovation within the innovation connected to applying technologies for urban mobility, this is
a subtype of the innovation ecosystem. The customer-centric business ecosystems include the
customer as the main contributor to a platform. They contribute to the knowledge generated
and the associated innovation.

The type software ecosystem is located between both categories. The center of the software
ecosystem can either be one or more software vendors (Popp, 2010) — categorizing it in the
organizational perspective or a software platform or programming language (Jansen et al., 2009)
— for which the product or service is in the center.

2.5. Summary and terminology for this thesis

When introducing and pioneering the concept of business ecosystems, Moore emphasized its
relevance for companies as companies need to have an understanding of their ecosystem for the
company’s success in dealing with innovation as “managers can’t afford to ignore the birth of
new ecosystems or the competition among those that already exist” (Moore, 1993, p.76).

A business ecosystem is a loosely connected network of entities from various industries; these
entities can play different roles within the ecosystem and depend on each other for their sur-
vival. These entities are companies, governmental institutions, customers, and individuals all
influencing the ecosystem and their interaction can be the various forms of collaboration and
competition.

For the reminder of this thesis, we refer to the business ecosystem member organisms as defined
by Moore (1996) as ecosystem entities which includes all mentioned forms of entities. However,
if only ecosystem organization is referred to then merely organizations, firms, companies or
enterprises are intended. We do not differentiate between organizations, firms, enterprises, and
companies and use all four terms synonymously for a legally incorporated entity with the purpose
of conducting business, including non-profit organizations as well.

The relevance of business ecosystems as described in the literature will be discussed from the
perspective of practitioners in the following chapter.
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CHAPTER 3

Relevance of Business Ecosystem Analysis in Practice

Complementing the previously describe relevance of business ecosystems as discussed in the
scientific literature, this chapter is dedicated to the practitioners’ perspective. Through a close
interaction with ecosystem stakeholders, we collected their perception of the relevance of business
ecosystem analysis in practice.

We therefore focus first on a mobility business ecosystem. Section 3.1 illustrates the concept of
smart cities and the related mobility business ecosystem in more detail as published by Faber
et al. (2018d). The project environment of a three-year project addressing smart city and
smart mobility is briefly described as it provided the starting point of the research described
in this thesis. This project environment was used to conduct discussion rounds with ecosystem
stakeholders to understand the relevance and challenges perceived by these stakeholders (Section
3.1.1). Besides the results of the discussion rounds, we demonstrate a preliminary attempt to
visualize the mobility business ecosystem in Section 3.1.2 published by Faber et al. (2017).

Section 3.2 presents the results of an online-survey as published by Faber et al. (2018c). The
survey aims to understand what actions practitioners already take to model and visualize their
business ecosystems and which challenges practitioners perceive.

3.1. Smart cities and related mobility business ecosystems

The digital transformation and its accompanying changes have long reached cities including their
outskirts and rural satellites, and are expected to provoke massive changes to cities. Actively
integrating prospective advancements of this transformation into city infrastructures can enable
cities to become what is commonly termed smart cities (Snow et al., 2016; Meier and Portmann,
2016). Smart cities are a recent vision in urban development policy of novel technology-based
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infrastructures to improve all facets of urban life (Mone, 2015). The concept of smart cities is
often considered as a possible solution to challenges cities are confronted with, such as urban-
ization, migration, pollution, as well as changes in the demographic structure of societies, and
climate change, which parallel the societal task to develop sustainable and humane technologies
(Hollands, 2008, 2015; Marrone and Hammerle, 2018).

Due to its promise and potential, the concept of smart cities has increasingly gained attention
of policy makers, citizens, researchers, and entrepreneurs (Albino et al., 2015). In 2018, the
European Commission defined a smart city as “a place where traditional networks and services
are made more efficient with the use of digital and telecommunication technologies for the benefit
of its inhabitants and business” (European Commission, 2018). Technology can be considered
as a potential enabler of smart cities (Khatoun and Zeadally, 2016). The facets of a smart
city are diverse as digital technologies are used to include citizens in governmental processes
and decisions (“smart governance”), to measure air quality or noise level (“smart environment”)
or to enhance digital services in vehicles, traffic systems, and infrastructure (“smart mobility”)
(Mitchell et al., 2010), to name just a few. Besides smart governance smart mobility is often
recognized as the most common indicator of smart cities (Chourabi et al., 2012).

Internet of
Things

Smart
Environment

Digital technologies are integrated into
vehicles, traffic systems and
infrastructures

Smart
Mobility

Internet of Internet of
People Services

Smart
Governance

Internet of
Data

Figure 3.1.: Smart City Model with the focus on Smart Mobility based on Khatoun and Zeadally
(2016)

A digital infrastructure for transportation or mobility is one proposed feature of smart mobil-
ity that supports work and leisure travel and alleviates the challenges of an urban commute.
Digital mobility infrastructures in smart cities are envisioned to integrate technologies such as
cyber-physical systems, embedded systems, smart objects, and smart traffic control that intend
to create ‘intelligent’; ‘ubiquitous’ or ‘smart’ environments including for instance location-based
services. The design, integration, and implementation of a digital mobility infrastructure require

36



3. Relevance of Business Ecosystem Analysis in Practice

coordination between entities from industries such as logistics and automotive but also govern-
mental institutions. Hence, beyond the infrastructure, a business ecosystem of multiple firms,
organizations, and stakeholders can be envisioned, all collaborating to enable or improve urban
mobility (Rehm et al., 2017).

Understanding the evolution of such mobility business ecosystems is instrumental for developing
public policies, taking strategic decisions about business and technology partnerships, or identi-
fying gaps in the services provided to citizens and businesses as service customers (Basole et al.,
2012b). Hence, the proactive management of the business ecosystem is gaining relevance for
firms, as well as city authorities (Basole et al., 2012b). Particularly, for attaining a competitive
edge, firms have to adapt their competencies and identify complementary business partners and
services relative to their specific position in the ecosystem (Rehm and Goel, 2017).

Established mobility actors, such as automotive OEMs, their parts supplier, and public trans-
portation agencies, are challenged especially by technology companies using their advantage of
applying new technologies - such as augmented reality or artificial intelligence - to urban mo-
bility. Tech giants such as Google and Apple are entering the mobility ecosystem by developing
self-driving cars and pushing autonomous driving (Etherington and Kolodny, 2016; Taylor, 2016)
exhibiting disruptive innovative characteristics. New actors enter and transform the existing mo-
bility markets that are geographically focused on specific metropolitan areas. As a result, new
mobility business ecosystems are currently emerging. With new technologies being used and
applied, mobility related legislation has to be discussed and possibly adapted, with cities, their
governments, and public institutions as actors of these ecosystems.

Besides commercial mobility providers such as the automotive OEMs and public transportation
providers, also cities, their governments and public institutions are under pressure to address
these challenges and to understand the emerging structures within mobility ecosystems to make
informed decisions (Khatoun and Zeadally, 2016). One initiative to address these changes was
the TUM Living Lab Connected Mobility project located in the Munich area. In the following,
we will refer to this specific mobility business ecosystem.

The TUM Living Lab Connected Mobility project

The TUM Living Lab Connected Mobility! (TUM LLCM) project was initiated in 2015. The
project aimed at supporting the digital transformation in the area of smart mobility and smart
cities and was funded by the Bavarian Ministry of Economic Affairs and Media, Energy and
Technology (StMWi) through the Center Digitisation.Bavaria, an initiative of the Bavarian
State Government. The project started in August 2015 and ended in December 2018.

One project aim was a technical contribution to the development of an open, provider inde-
pendent digital mobility platform offering mobility services to users and serving as a basis for
developers to include their own mobility services as stand alone services or on top of existing
services. As one feature, this digital mobility platform should offer users different modes of
transportation to get from point A to point B according to the user’s preferences and needs.

http://tum-1lcm.de/en/
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The provided mobility services should include indoor navigation as well as eco-sensitive traveling
recommendations, to name just a few.

A further project objective was to contribute to the establishment of a mobility ecosys-
tem through networking activities between already established and currently arising mobility
providers, service providers, developers, and users on a personal, organizational, and technical
level. Munich, the regional focus of the project, with a population of more than 2.5 million in its
urban area and more than 5.5 million in its metropolitan region has a mobility business ecosys-
tem embracing more than 3.000 firms in the automotive, traffic, and logistics sectors residing in
the urban area and more than 18.000 firms in the metropolitan region.

The project intended to support ecosystem stakeholders who are already — or were about to
become — engaged in a smart city mobility initiative with informative insights about the related
ecosystem. A preassumption of the research team was that all participating stakeholder groups
— governmental institutions, mobility initiatives, start-ups or established corporate organizations
and the like — were eager to discuss, contribute to, and use the obtained project results and to
influence the evolution of the business ecosystem by establishing an ongoing dialogue between
them.

Besides discussion rounds, which are described in more detail in Section 3.1.1, the project or-
ganized three conferences to present and discuss achieved results with fellow researchers, but
especially with representatives of the mobility ecosystem.

Due to the fruitful project environment, we engaged with mobility business ecosystem stake-
holders to analyze their understanding and perceived relevance and challenges associated to
the business ecosystem analysis. We maintained a high interaction with all project members,
partners, and ecosystem stakeholders.

3.1.1. Perception of stakeholders towards the mobility business ecosystem

As from an outside perspective, the mobility ecosystem is changing in a fast pace, it is of interest
how participants of this ecosystem perceive the relevance to analyze the ecosystem. We used the
project environment and conducted three discussion rounds with representatives of an automo-
tive manufacturer, a management consultancy active in the automotive sector, and a German
conglomerate company also active in the automotive sector. We conducted these discussion
rounds between January and May 2016. The discussion rounds all lasted 90 minutes debat-
ing mobility business ecosystems in general and in relation to an open, provider-independent
mobility platform. Two of the three discussion rounds were held in German, the remaining
one in English. The first discussion round happened with two representatives of the manage-
ment consultancy and two researchers, the second discussion round with two representatives
of the automotive manufacturer and one representative of the conglomerate company and two
researchers. The last discussion round happened together with the entire project team and the
same representatives as the previous one plus one additional representative of the conglomerate
company. All discussion points were documented during the sessions, which were all held ei-
ther at the university premises (first and last discussion round) or the automotive manufacturer
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premises. Analyzing the three discussion rounds, we observed the following facets related to the
perceived changes of the mobility business ecosystem by the discussion participants:

Relevance of innovative mobility solutions. Observing the changes in urban mobility and the cor-
responding new ecosystem actors are relevant for established mobility actors. This aspect
was picked up during the discussion rounds as automobile manufacturers invest in new
forms of digitization with new actors, leading to a rearrangement of their ecosystem.

Innovative technology companies which enter the mobility ecosystem offering new mobility
solutions influence the mobility ecosystem. Established mobility players seem to acknowl-
edge the associated possibilities companies new in the mobility ecosystem may provide.

Identification of ecosystem entities. Considering these new ecosystem actors as a relevant influ-
ence factor of the changing mobility ecosystem, leads to the necessity to identify them. For
the established mobility provider it is relevant to identify which entities and stakeholders
are already active in the ecosystem and which are missing.

Within this context, possible new business opportunities were discussed. Collaboration
with or investment in these new actors are interesting opportunities to address and par-
ticipate in changes of the mobility ecosystem. To address the most promising or most
suitable partner, all possible have to be identified.

Visualizing ecosystem information. Within the discussion rounds, the aspect of visualizing infor-
mation about the ecosystem were picked up. Especially for the development of a platform,
participating and potential interesting contributors should be made visible — also publicly
accessible.

How such a visualization could look like was not further elaborated.

Relevance of the ecosystem for success of platform. As the technical contribution to the develop-
ment of an open, provider-independent digital mobility platform offering mobility services
to users and developers was one project aim, the ecosystem of such a platform was also
discussed. The relevance of the ecosystem of users, developers and mobility providers was
emphasized as the platform ecosystem is a central aspect for the successful development
of the digital platform.

The collected insights represent merely individual opinions of the discussion participants but
the results indicate ecosystem related challenges stakeholders face. As already outlined in the
discussion rounds, we identified visualization as a possible support for ecosystem stakeholders
to better understand the ecosystem with its entities and their activities.

3.1.2. Visualizing the mobility business ecosystem

In a first attempt to use ecosystem visualizations to foster the understanding of the mobility
ecosystem, we applied the visual approach as proposed by Iyer and Basole (2016). This approach
consists of the four steps

1. determine the industry structure,
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2. identify companies and their attributes,
3. finalize semantics for nodes and dependencies, and
4. visualize, analyze, and interpret.

We followed these steps to create a visualization of the German mobility business ecosystem
with a focus on the Munich and Bavarian region as presented by Faber et al. (2017). Our aim
was to better understand which companies are already active in offering user-centered mobility
services, such as car-sharing, ride-sharing, or bike sharing. Leading to insights about how the
established mobility ecosystem stakeholders — such as automotive OEMs, part suppliers, and
public transportation providers — address the changes in urban mobility demands.

In the following, we describe our results in applying the above process to the mobility ecosystem
in focus.

Determine industry structure

The first step of the visual approach to understand ecosystems is analyzing the industry struc-
ture, in this case the connected mobility industry. Therefore, we analyzed industry and trade
publications and newspaper articles in 2016 addressing the connected mobility, e.g., Rossbach
et al. (2013); Bosch GmbH (2013); Mathes et al. (2015); Mosquet et al. (2014), to identify and
determine the new value chain of connected mobility. The resulting, exemplary industry stack
is listed in Table 3.1.

Table 3.1.: Identified connected mobility stack following Iyer and Basole’s (2016) visual approach

Organization category Examples

Automotive OEMs BMW, Volkswagen, Mercedes

Parts suppliers Robert Bosch, Draxlmaier, Continental, Denso
Technology companies thinkstep AG, Panoratio, Starship Technologies, Siemens
Platform &

p . Deutsche Telekom, Vodaphone, Google, RideCell
connectivity providers

New competitors of affected

industries

Public institutions City of Munich, SWM (Munich City Utilities operating
inner city city public transportation), SSMWi (Bavarian
Ministry of Economic Affairs, Regional Development and
Energy)

Allianz, RWE, Sixt

Additional to the classic mobility ecosystem players — the automotive OEMS, their parts suppli-
ers, car rental agencies, and public institutions offering public transportation — ‘new’ industry
groups gain relevance.

Mobility services address the user’s wish for mobility as a service, which is “a mobility distribution
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model in which all users major transport needs are met over one interface and are offered
by mobility operators”(MAAS—Alliance, 2018). Mobility services are gaining more and more
importance, especially in cities, and might even be the future of OEM’s business, replacing the
automotive production and sales (Botsman, 2015). Using mobility services to get from point A
to point B, consumers have the option to choose several means of transportation. Especially
popular and widely discussed became transportation network companies (TNCs) as mobility
services, such as Uber? available also in Germany, Lyft® available in United States or Gett? in
the United Kingdom, which connect private drivers using their own cars to passengers searching
for a lift.

An addition to the classic mobility stack are technology companies, which vary from companies
focusing on advanced driver assistance systems, machine learning to enable autonomous driving
(Cornet et al., 2017), artificial intelligence to cyber security (Nayak, 2016), all addressing the
digitized advancements of mobility. These companies influence urban mobility by adding com-
pletely new services, e.g., the Starship delivery robot®, or by supplying automotive OEMs with

software and hardware, e.g., thinkstep data analysis softwareS.

Companies offering the transmission of data and providing access to mobility services are bundled
in the group platform and connectivity providers. By connecting users to mobility services, they
play an important role in enabling digitized mobility by providing real time location information
of the next bus, train or Uber car.

New competitors of affected industry recognize the advancements in connection with digitized
mobility. An obvious example are insurance companies, offering insurance rates depending
on driving habits or user’s general mobility footprint. Other industries are energy providers,
addressing the charging challenge in connection with e-mobility, or insurance companies, offering
insurance policies based on driving behaviour.

The last group of entities, we identified for the connected mobility ecosystem in focus, covers
public institutions including public transportation companies in the classic mobility ecosystem.
These companies have to adapt to the digitized service landscape for example by proving on-
line travel planning and ticketing. However, of even greater importance are public institutions
responsible for legal and tax regulations. They have the power and ability to influence the mo-
bility ecosystem by enabling business models or forestalling them. Especially in the context of
privacy of mobility data and the liability in context with autonomous driving, new regulations
are necessary (Collingwood, 2017), which will form the connected mobility ecosystem.

The proposed stack and the according separation of these group of mobility ecosystem entities
is not strict, as entities might fit into more than one group. As the ecosystem continuously
evolves, also the identified groups need to be revised and adapted when necessary.

’https://www.uber.com

Shttps://www.lyft.com/

‘https://gett.com/uk/

Shttps://www.starship.xyz/
®http://www.gabi-software.com/international/databases/

41


https://www.uber.com
https://www.lyft.com/
https://gett.com/uk/
https://www.starship.xyz/
http://www.gabi-software.com/international/databases/

3. Relevance of Business Ecosystem Analysis in Practice

Identify companies and attributes

In the second step, to understand the connected mobility ecosystem companies and their at-
tributes have to be collected for all identified industry groups of the connected mobility stack
(see Table 3.1). Besides the identification of the relevant ecosystem entities, their relations within
the ecosystem are important. For the mobility ecosystem the type of relationship varies from
investments or acquisitions, partnership or cooperations, personnel move (Webb and Whiteaker,
2016) to negotiation and failed talks.

Following Iyer and Basole’s (2016) visual approach, which they applied to the IoT ecosystem,
we evaluated industry publications, news portals, and websites, and company websites to collect
relevant entities of the ecosystem and their relations. We started to collect data of established
German OEMs and their suppliers network. By analyzing their web presences and published
reports, the relations between OEMs and supplier were identified. Additional to these classic
mobility ecosystem entities and relations, mobility services already provided by OEMs were
documented, including the associated relation. This was followed by the data collection of
public transportation providers.

In a next step — to gather data about ‘new’ ecosystem entities and their relations — publicly
accessible data sources were identified and evaluated. The variety of these databases is huge,
ranging from national databases, e.g. Griinderszene” or Bayern- International®, to international
ones, e.g. Crunchbase® or AngelList!©.

Targeting information especially about technology companies, we used Crunchbase!!. This plat-
form provides business information about private and public enterprises focusing on investments
and funding information, but also merger and acquisitions. Crunchbase provides a limited but
free of charge access to these business information. Companies are tagged with attributes de-
scribing their field of action, for example, “Transportation” or “Mobile”. By searching for German
automotive OEMs, we identified relevant funding and acquisitions.

Conducting the above-described steps, an overall sum of 97 connected mobility ecosystem entities
and 192 associated relations were collected and documented.

Visual model language

As network visualizations are the main used visualization types for business ecosystems, we
decided to use a node network. The ecosystem entities, i.e. the ecosystem entities are visualized
as nodes and their relations as links between nodes.

We visualized the collected information in a modified ego network visualization'? where the

"http://www.gruenderszene.de/
8http://www.bayern-international.de/en/
“https://www.crunchbase.com

Ohttps://angel.co/

Uhttps://www.crunchbase. com/
2http://www.analytictech.com/networks/egonet .htm
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focus is on the mobility services provided in the ecosystem. A sample of such a modified ego
network is visualized in Figure 3.2a explaining all visual specifications.

The data we collected is visualized in Figure 3.2b. The center of the visualization contains the
mobility services represented with hexagons as nodes. All other entities are displayed as circles,
grouped into categories of the connected mobility ecosystem stack. Finally, each category and
type of relation between entities is mapped to a different color.

Due to the high amount of entities and relations, we visualized one company and its relations.
We chose the BMW group due to its size and relevance for the Munich and German industrial
landscape.

Services (e.g. Bike Sharing )

Companies (e.g. BMW)

“ X &

Part suppliers

Relations (e.g. Ownership)

Technology Companies Mobility Services

(a) Proposed ego network visualization explaining the (b) Applied ego network visualization to the Crunch-
visual representations base data collected and filtered for BMW

Figure 3.2.: Visualizing the German mobility business ecosystem using a modified ego network
(Faber et al., 2017)

Interpretation

With the provided visualization, we aimed at an easy identification of companies collaborating
to provide different mobility solutions. As the ego node of the network visualization we chose
mobility services. In addition, entities can be identified with no links and possibly no contri-
bution to the visualized mobility services. The presented visualization might help stakeholders
of the connected mobility in addressing the trend from products towards (mobility) services
(Bosch, 2016).

For the specific visualization in Figure 3.2b, it indicates that the BMW group is already active in
providing mobility services due to the number of relations between BMW and mobility services.
It shows the strong integration with German automotive part suppliers and already established
technology companies enriching the mobility ecosystem. By filtering for other companies, the
same understanding of involvement in the connected mobility ecosystem can be gained.

The results of the discussions and the initial visualization present ecosystem stakeholders’ chal-
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lenges related to the changing mobility ecosystem and how an ecosystem visualization can be
used to contribute to a better understanding of the ecosystem.

The previous described results targeted a specific ecosystem: the mobility business ecosystem
with a regional focus of Munich and Germany. In a next step towards a broader understanding
about the perception of business ecosystem in practice, we conducted an online survey.

3.2. State-of-the-practice in analyzing enterprises’ business
ecosystems

To complement the previously described perceptions of company stakeholders actively partici-
pating in a disruptive business ecosystem and their challenges, this section focuses on a state-
of-the-practice in German companies modeling and visualizing a business ecosystem of their
interest. The aim of the survey was to understand what actions practitioners today already
take to model and visualize their business ecosystem in enterprises’ daily business, how active
they are in the different phases of modeling and visualizing their business ecosystem, and where
they perceive major challenges within their activities. This includes how the work is distributed
within the enterprise, how data is collected, which sources are used, how data is documented
and reported upon using various available tools, and what business ecosystem visualizations are
already in place in case the collected data is visualized. In addition, we try to identify where
stakeholders conceive challenges which can be addressed in future work.

We designed the online survey in 2017 addressing companies mainly in Germany to broader our
understanding of requirements towards business ecosystem modeling and visualization in practice
(Faber et al., 2018c). The survey with its explorative characteristics provides the basis for more
conclusive research as it can support to determine the research design, sampling methodology,
and data collection method (Singh, 2007).

3.2.1. Survey design

As the analysis of business ecosystems is a data intense process (Basole et al., 2015), we struc-
tured our survey according to the associated activities data collection, data documentation, and
data processing and reporting (see Figure 3.3). We refer to data here as business ecosystem data.
Our theoretical foundation is based on related literature addressing business ecosystem analy-
sis (see Chapter 2) and our activities visualizing the mobility business ecosystem (see Section
3.1.1).

In addition to these three data focused process steps, we also added a question about perceived
challenges of modeling business ecosystems by ecosystem stakeholders and reasons for inactivity,
in case the participant answered accordingly.
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Data driven analysis of business ecosystems

Activities
. 2. Data 3. Data processing
1. Data collection documentation and reporting
Identification of used
Data sources Tools Visualizations

Figure 3.3.: High-level understanding of the business ecosystem analysis process as a data in-
tensive process

Data collection method

After designing the questionnaire following Fowler (1995), we performed a pre-test consisting
of its completion by three non-related researchers. The questionnaire was adapted according
to the received feedback of inconsistency in naming, order of questions, and spelling mistakes.
The final version of the questionnaire was published as an online survey available between
beginnings of July to end of August 2017. In total, we contacted 51 companies from various
fields of business activity via email and published an open call for participation using the social
media platform LinkedIn!3. We chose enterprises which previously worked with the research
instiution and had a strong background in Enterprise Architecture Management, as this is one
focus of the institution. All contacts were approached twice via email. Within the emails,
we briefly explained the concept of business ecosystems and the relevance for enterprises due
to technological innovations. This was followed by an invitation to participate in the survey
using a provided link. For this survey, we used the survey software questback!® allowing the
participants to complete the survey in an internet browser window. All survey questions are
included in Appendix C. The completion time of the questionnaire was estimated with 15 to 20
minutes.

The online questionnaire consisted of seven sections, starting with questions covering the par-
ticipants’ and their enterprises’ details and if the enterprise is active in analyzing their business
ecosystem (section one and two of the questionnaire), followed by the participants’ role and the
division of labor (section three). The fourth section addressed the business ecosystem related
dat