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Vorwort

Wissen ist wie ein Baum: Je grofier und verzweigter er ist, umso
ausgeprdgter ist sein Kontakt mit dem Unbekannten.

Blaise Pascal

Als ich begann, mich nach meiner Berufsausbildung intensiver mit Medizinischer Infor-
matik und der Integration von Informationssystemen zu beschiftigen, erschien mir die Ge-
staltung interoperabler Softwarearchitekturen und die Entwicklung von Kommunikations-
standards als Schliissel zur Losung aller Probleme im Bereich digitaler Innovation im Ge-
sundheitswesen. Im Zuge meiner weiteren Stationen, liber Studium der Informatik, Tatigkeit
in der freien Wirtschaft bis hin zu meiner jetzigen Tatigkeit als Wissenschaftler im Feld der
Wirtschaftsinformatik lernte ich jedoch, dass Probleme in Innovationsprojekten nicht allein
aus mangelnder technischer Reife hervorgehen, sondern von einer vielféltigen und bisweilen
amorphen Menge sozialer, organisatorischer, legislativer und projektindividueller Einfluss-
faktoren getrieben sind.

Nicht nur einmal stellte ich mir die Frage, ob Innovation in unserem deutschen Gesund-
heitswesen iiberhaupt realisierbar ist. Die Implementierung von Standards ist auch heute
noch unzureichend, die deutschlandweite Patientenakte ldsst nach wie vor auf sich warten
und moderne Softwarearchitekturen werden durch groBe Unternehmen nur zogerlich um-
gesetzt. Der Wille zur Gestaltung offener Systeme, wie auch die Akzeptanz von Standards,
entwickelt sich nur zogerlich.

Diese Problemlage, die Beschiftigung mit der Plattformokonomie sowie bestehende For-
schungsprojekte am Lehrstuhl weckten in mir den Forschungsanreiz, dass es moglich sein
miisste, diesem Spannungsfeld mit der Implementierung von Plattformen zu begegnen. Platt-
formen konnen zu neuen Anreizssystemen fiir Innovationen fiihren. Beispiele im Konsumen-
tenmarkt haben dies eindrucksvoll gezeigt. Gleichsam bestehen im Gesundheitswesen aber
auch spezifische Herausforderungen, die mit dem konventionellen Endkundenmarkt wenig
Gemeinsamkeiten aufweisen. Echte plattformokonomische Ansitze haben sich daher bislang
nur in geringem Ma@e etabliert. In den letzen sechs Jahren habe ich mich daher mit der Frage
auseinandergesetzt, welche Eigenschaften Plattformen im Gesundheitswesen aufweisen sol-

len und wie diese entwickelt werden konnen. Dies fiihrte zu mehreren Forschungsbeitrigen,



welche in der vorliegenden Dissertation reflektiert werden. Ich freue mich, diese Station mei-
nes Lebens und meiner akademischen Laufbahn abschlieBen zu konnen und mochte mit die-
sen Zeilen allen meinen groBen Dank ausdriicken, die mich dabei motiviert und unterstiitzt
haben.

Allen voran danke ich meinem Doktorvater Professor Dr. Werner Esswein fiir alle pro-
funden Hinweise und kritischen Diskussionen sowie fiir die Moglichkeit, neben meiner Dis-
sertation auch meine akademischen Fahigkeiten in der Forschung und Lehre ausbauen zu
konnen. Ich danke ihm fiir die Freiheiten und Moglichkeiten, die er mir durch die Mitar-
beiterschaft an seinem Lehrstuhl eroffnet hat. Frau Professor Dr. Susanne Strahringer danke
ich ebenso fiir die sehr gute Zweitbetreuung und die umfassenden Diskussionen, die auch
auBerhalb offizieller Termine moglich waren.

Meinem hochgeschitzten Kollegen Dr. Hannes Schlieter danke ich besonders fiir die lang-
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spektivwechsel. Er wurde mir zu einem wichtigen akademischen Mentor und vor allem zu
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1. Introduction

1.1. Background

The digital transformation permeates all sectors of the economy (Baller et al., 2016, p. xi1).
Also, the healthcare industry is faced with a strong demand for digitisation (Thun, 2015;
Thiel et al., 2018). Digitisation in this sector has reached political decision-making and has
lead to governmental directives that explicate this demand. In Germany, for example, the
Federal Ministry of Health has initiated an eHealth law (Bundesministerium fiir Gesundheit,
2019). This law was created with the aim of accelerating digitisation in the healthcare in-
dustry. Following the World Health Organisation (2019), eHealth is the ”use of information
and communication technology (ICT) for health”. The delivery of digital healthcare prom-
ises positive effects like cost-efficiency, optimised treatment outcome, the delivery of high-
quality care in the rural areas and stronger interdisciplinary care delivery (Lux et al., 2017;
Schweitzer and Synowiec, 2012; Elmer, 2016). Digital innovations in the healthcare industry
and care innovation through digitised care models are manifestations of the digitisation in the
healthcare sector (Hwang and Christensen, 2008; Wessel and Gersch, 2015). While digital
innovations represent the product and process innovation, digitised care models represent
organisational innovations which are supported by ICT (Omachonu and Einspruch, 2010,
p. 5).

However, over the last years, many innovation projects could not reach a sufficient level
of maturity to be transferred into widespread adoption (Andreassen et al., 2015; Gersch and
Riisike, 2011, pp 10 f.). eHealth projects are often delayed, completed at higher costs than
planned or failing to achieve the intended treatment outcome (Murray et al., 2011; Ekeland
et al., 2010). The implementation of interorganisational information systems (IOIS) often
does not reach the necessary level of digitised integration. Different authors identified a
broad range of challenges and barriers which negatively affect the successful implementation
of eHealth. Important barriers and effects are named in figure A.1 and are further explained
and verified in appendix a.

In order to overcome these barriers, a lot of efforts are necessary which can hardly be
fulfilled by small and medium enterprises (SMEs) as well as self-employed innovators.
These efforts can be reduced by providing eHealth platforms. There is a consensus that
they can drive the success of eHealth innovations and support their scaling-up (Lauterbach
and Horner, 2019; Accenture, 2016; Fiirstenau and Auschra, 2016; Labrique et al., 2018;
Alstyne et al., 2016). Platforms create a modularised foundation which innovators can use to

create own innovations and provide them to demanders of digital solutions (Yoo et al., 2010;
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Organisational and regulatory specialities

of the healthcare industry lead to complex | |eads to Missing market diffusion and missing
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v applications
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Figure A.1.: Barriers for implementation of eHealth, explanation in appendix a

Eisenmann et al., 2008). In the last years, many public and commercial projects have been
initiated to implement regional eHealth platforms. Also, national initiatives have created
nationwide eHealth platforms (Benedict et al., 2018) and eHealth infrastructures (Aanestad
etal., 2017, p. 14).

1.2. Subject and Motivation

EHealth-platforms are digital platforms in the healthcare sector. Digital platforms are a spe-
cific type of platforms that support the creation of information systems. They are established
on an existing digital infrastructure (e. g. the internet or parts of it) and comprise digital ser-
vices (Blaschke et al., 2019; Hanseth and Lyytinen, 2010; Henfridsson and Bygstad, 2013).
Platforms with pre-existing consumable and configurable generic services create a basis for
an efficient IOIS-design and foster digital innovation by providing reusable components (Fe-
dorowicz et al., 2004; Cusumano, 2010; Zimmermann et al., 2015)!.

Platform thinking enhances product thinking by defining the ability of products to be com-
plemented with new services and technologies by third parties (complementors) (Cusumano,
2010; Iansiti and Levien, 2004). This enables functional gaps of a product to be closed by
the complementors®. The system of interrelated innovations which emerges around the plat-

forms is called an ecosystem (Iansiti and Levien, 2004). It is the environment around the plat-

'In the following, the term “platform” always means digital platform.

2An example of a digital platform is “salesforce” (www.salesforce.com). It enables the consumption of
electronic services for distribution and sales. Furthermore, it allows third-party providers to complement it
(appexchange.salesforce.com).
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form where demand-side platform users (consumers of services), supply-side platform users
(complementors) and platform providers interact (Eisenmann et al., 2008; Tiwana, 2015).
Different perspectives on platforms have evolved in various fields of research (see fig-
ure A.2). While the market-oriented perspective emphasises the relationship between the
different user-groups of a platform, the engineering view analyses the role of platform archi-

tecture and governance for successful platform realisation (Gawer, 2014).

Market View Engineering View

used byi

care integration 4 1
< ‘ > ' ! eHealth innovation

| A% 3

i atient
medical expert | | ] p creates
option
create potentials
medical expert
4 i

provision of ' boundary resources

eHealth innovation i -
* provides

i
:
co-value-creation f
g co-innovation :
:
' layered modularized
L :
‘ 8 ' core of the platform
:
l i
:
i
:
i
:

innovator innovator

v

a

basis for !

eHealth platform

Icons made by Freepik from www.flaticon.com are licensed by CC 3.0 BY

Figure A.2.: Market and engineering view to eHealth platforms following the perspectives
of Gawer (2014)

From the market perspective, network effects (see section 2.1) are an important reason why
platforms have been proposed in the field of eHealth (Vimarlund, 2016, p. 14). The health-
care sector is very disaggregated and consists of many independent stakeholders. Neverthe-
less, an aim is that these stakeholders work closely together in order to deliver comprehensive
care to patients (Amelung et al., 2012).

EHealth-platforms facilitate the mutual integration of medical experts (direct network ef-
fects) and enable innovators to integrate their solution into existing healthcare networks (in-
direct network effect) (addressing barrier 1, see figure A.1). Furthermore, eHealth platforms
aim to improve the integration of different health information technology products and lead
to a reduction of integration and implementation efforts for application system interfaces
(addressing barrier 2). This leads to easier cooperation between vendors (direct network ef-

fects). Last but not least, the group of patients is also increasingly important for the provision
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of digital health services. Consequently, they are a user group in digital health platforms, too.
The more medical experts use platform services, the more patients are likely to adopt digital
innovations of platforms (indirect network effect). (Ruotsalainen 2017, p. 74; Fiirstenau and
Auschra 2016; Gawer 2014)

Platforms allow the definition of regulated markets (Boudreau and Hagiu, 2008). Hence,
they could be used as a catalyst for regulatory specialities of the healthcare sector and facil-
itate the set-up of business models for innovators and of eHealth-based care model adopters.
Thus, platforms can contribute to a middle-out-innovation approach (Coiera, 2009) by im-
plementing an innovation base, on which bottom-up innovators® can create new care models
as well as digitised healthcare innovations (addressing barriers 1 and 3).

From the engineering perspective, platforms promise modular architectures which enable
the flexible recombination of technological components (Baldwin and Woodard, 2008). They
deliver a degree of autonomy to the complementors (see section 2.1). The versatility in
eHealth innovation needs flexible environments, which are able to connect many different
stakeholders and allow the implementation of solutions for different use cases (Iyawa et al.,
2016). EHealth-platforms provide the option potentials” (Baldwin and Woodard, 2008, p.
19) to develop both care innovations as well as technological eHealth innovations (address-
ing barrier 4). The access to the platform for different user groups is provided by boundary
resources (Ghazawneh and Henfridsson, 2013). The design of boundary resources is essen-
tial for a successful ecosystem composition (Ghazawneh and Henfridsson, 2010). EHealth-
platforms can provide such boundary resources by deploying standardised interfaces and
reusable services. The specification of boundary resources and a corresponding platform ar-
chitecture is accompanied by governance measures (Tiwana, 2014). For example, the Danish
healthcare system provides technical facilities as well as organisational rules for the inter-
connection of different application systems (Kierkegaard, 2013). Another example are the
Finish Kanta-services which provide an Health Level Seven (HL7) Fast Healthcare Interop-
erability Resource (FHIR)-based infrastructure for the integration of third-party applications
(Cleary et al., 2017, pp. 38 ff.).

The implementation and provision of a digital platform is governed by the platform owner
(Eisenmann et al., 2008). In the healthcare sector, different stakeholders occur as platform
owners. National authorities, hospitals and other healthcare institutions as well as private
institutions (e. g. software vendors) have implemented platforms (Benedict et al., 2018).
Last but not least there are also platforms that were set up by consortia of companies and

healthcare institutions. Depending on the role of a platform owner in the healthcare sec-

3Following Chowdhury (2012), bottom-up innovation in the field of healthcare means that innovation is driven
by individual entrepreneurs and healthcare professionals (bottom-up innovators). Top-down innovation
means innovation which is driven by governmental or corporate leadership. The latter often is implemented
by large-scale projects.
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tor, he or she may have different rationales to implement a platform. For platform owners,
it is relevant how they should design their platform architecture, how well their platform
performs and how they should establish their platform strategy to enable a successful and
wide-ranging ecosystem with many supply-side-users and complementors (Saarikko, 2016).
The strong interdependency between platform design and ecosystem dynamics is one con-
stitutive characteristic of platforms (Tiwana et al., 2010). It is one of the central research
objects in this doctoral thesis (see section 2.2).

Ecosystem dynamics may also appear as negative effects. Therefore, platforms can disap-
pear or fail to be successful. For example, in the field of mobile platforms, Symbian initially
had a growing user base, but suffered complex boundary resources. As a consequence a
negative reception of supply-side users emerged. Meanwhile Apple facilitated the use of
platform resources by strong governance and control and achieved a significant growth of
supply-side users (Tilson et al., 2011). Consequently, the design of the platform boundary
resources and the definition of governance-measures should be conducted in a systematic
way when implementing platforms. They facilitate or hamper the growth of the platform.
Additionally, a continuous monitoring of their surrounding ecosystems helps to identify ad-
verse events (e. g. large-scale exodus of complementors). From a scientific perspective,
digital platforms with their architecture are an output of a design process. The surrounding
ecosystems are also objects of design, even if they cannot be designed directly but only by
governance and architectural decisions regarding the platform (Jacobides et al., 2018; Ghaza-
wneh and Henfridsson, 2011; Tiwana, 2014). Tiwana et al. (2010) term the plan of how an
ecosystem develops as the “ecosystem blueprint”. Different aspects of ecosystem design
have already been questioned. For example, the alignment of platform strategy (Ghazawneh
and Henfridsson, 2011), the design of boundary resources (Bianco et al., 2014) as well as
central concepts of platform design (Schreieck et al., 2016) have been described in the literat-
ure. In several domains like in the healthcare sector (Christensen et al., 2014; Serbanati et al.,
2011) or in the field of industrial applications (Petrik et al., 2018) the design of platforms and
ecosystems has already been questioned. These research works focus on the outcome dimen-
sion and the impacts in the specific domains. However, even if the concepts of platform and
ecosystem design are well investigated, a comprehensive design methodology for domain-
specific platforms has not been established yet. Thus, there is a need for design guidance on
how to create viable ecosystems and platforms that enable ecosystems in specific domains.
In particular, a systematic approach to develop eHealth platforms is missing.

As a consequence of the view of platforms and ecosystems as objects of design, they are
also objects of evaluation (evaluands) (Venable et al., 2012; Prat et al., 2015). Aspects of
evaluation differ according to the design objectives (e.g. flexibility for innovations, openness

for better adaptability, more dynamic markets, generativity). However, these objectives dif-
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fer from traditional IS artefacts (reducing costs or time and foster utility) and may also differ
between domains in which platforms are introduced. Established evaluation criteria (utility,
feasibility, efficacy etc. in Prat et al. 2015) are not directly applicable to the evaluation of
digital platforms. Existing evaluation approaches for platforms focus on openness of plat-
forms (Anvaari and Jansen, 2010; Benlian et al., 2015), innovation capabilities (Riedl et al.,
2009) or generativity (Elaluf-Calderwood et al., 2011). These works concentrate on solitary
aspects of evaluation and are not integrated into a larger context covering different outcomes
of platform utilization. From the evaluators’ perspective, the existing evaluation frameworks
may be appropriate to evaluate digital platforms and platform models (e.g. Cleven et al.,
2009; Venable et al., 2012; Prat et al., 2015). Nevertheless, it has to be questioned what
the different evaluation criteria (e.g. utility, efficacy) mean for platforms in the healthcare
sector and which aspects need to be considered when evaluating these platforms. To gain a
practically applicable set of evaluation criteria for eHealth platforms it is necessary to map
effects of the ecosystem to the concrete systemic properties of the healthcare sector.

Existing evaluation frameworks do not define this nexus as they do not focus on specific
kinds of platforms and specific domains in which ecosystems are created. Consequently,
there is not much guidance to evaluate platforms in the healthcare domain. Regarding the
evaluability of platform projects in healthcare, there is a lack of comprehensive evaluation
guidance that focuses on both organisational as well as technological aspects. Such guid-
ance would help to create comparable evaluation results between different studies, improve
the rigour of design science studies that focus on eHealth platforms and support researchers
as well as practitioners to set up a platform or platform model in the field of the healthcare
sector.

The motivation of this doctoral thesis is to provide guidance for platform design and eval-
uation in the healthcare sector to improve the diffusion of innovations in digital healthcare
through innovation-friendly platform-based ecosystems. It addresses the named gaps and
contributes by introducing a set of methods for the development and evaluation of eHealth
platforms. In order to achieve this goal, it presents ten papers that address design and eval-
uation issues of platforms. They describe how to specify platforms and their surrounding

ecosystems in specific domains.

1.3. Research Design

According to Becker et al. (2003), the research objectives of a research project closely de-
pend on the scientific position. They determine the methodical approach of the research
work. In Wirtschaftsinformatik as well as in Information Systems Research the pluralism

of methods leads to a high individualism of research plans. Therefore, the researcher has to
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explicate the scientific positions of his research (Becker et al., 2003, p. 3). He or she also has
to disclose the methodical setting and the research objectives which determine the concrete
instantiation of this methodical setting (Becker et al., 2003, p. 5). These three parts of the

research design are introduced in the following subsections.

1.3.1. Philosophy of Science

When describing the scientific position, three positions should be explicated: the ontological
position, the epistemological position and the linguistic position (Becker et al., 2003). When
describing the concept of platforms and the surrounding ecosystems, it stays vague whether
existing systems are structured and behave as the ecosystem metaphor (Moore, 1993) sug-
gests. As a consequence, the author assumes an open ontological position (Becker et al.,
2004). The existence of a subject-independent reality can neither be denied nor confirmed
(Becker et al., 2003). The conceptualisation of ecosystems and platforms is always bound to
the understanding of the researcher (Blaschke et al., 2019). Therefore, the epistemological
position of this thesis follows moderate constructivism (Schiitte, 1999; Becker et al., 2004).

According to the subject-bound epistemological position, the linguistic position is also
subject-bound (Becker et al., 2003). The terminology around platforms and ecosystems
must be internalised by a researcher and integrated into the own subjective mind-set. Se-
mantics are created by an individual researcher or via interpersonal verification by a com-
munity of discourse (Becker et al., 2003). Unambiguous meanings for language artefacts
are not possible. Consequently, there cannot be a generalised intersubjective communication
between researchers. However, a community of speakers is able to define interpersonally
verified elementary language artefacts which can be used for the documentation of subject-
ive mind-sets. These elementary language artefacts can be formed by consensus (Becker
et al., 2003). Based on consensus and the internalisation of the language artefacts, this thesis
follows the coherence theory of truth, which defines consensus as a specific criterion for
coherence (Schiitte, 1999, p. 231). Coherence is given if a specific statement is true in the
context of other coherent statements (Schiitte 1999, p. 230; Rescher 1996, pp. 58, 69 {f.). In
this work, a consensual theoretical basis can be identified when understanding ecosystems
as multilateral structures that are created around a focal product (the platform) in order to
provide added value for the participants in the ecosystem (Adner, 2017; Jacobides et al.,
2018; Eisenmann et al., 2008; Iansiti and Levien, 2004). Even if these systems cannot be
objectively observed, existing research regarding ecosystems and platforms forms a set of
consistent statements in the context of more abstract organisational theories (e.g. Peltoniemi

and Vuori, 2004) and digital infrastructure theories (e.g. Tilson et al., 2010).
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1.3.2. Research Objective

As introduced in section 1.2, there is a need for the guidance of design and evaluation of
eHealth platforms. Guidance can be created by describing methods and models (Hevner
et al., 2004), by describing Information System Design Theory (ISDT) (e.g. design prin-
ciples) (Gregor and Jones, 2007; Walls et al., 1992) and by implementing instantiations of
artefacts as a demonstration how a class of problems can be addressed by a specific arte-
fact (Gregor and Hevner, 2013). Hence, this research work can be assigned to the stream
of Design Science Research (DSR) (March and Smith, 1995; Hevner et al., 2004). Design-
oriented contributions aim to explain how components in a system and their relationships
should be organised (Walls et al., 1992, p. 42) and why a specific system composition is
working (Kuechler and Vaishnavi, 2012). Systems in this understanding can be organisa-
tional, technological or socio-technical systems. Design-oriented research seeks to describe
how systems can be transformed to new states (Becker et al., 2003, p. 12). Consequently,
research objectives should focus on the measures for system design and the intended states
and properties of a system to be designed (Osterle et al., 2011, p. 8).

In particular, in Wirtschaftsinformatik, the construction of generic models and methods is
a typical aim for design-oriented research work (Winter et al., 2009; Osterle et al., 201 1).
Based on the strong dependency between the creation of models and the application of
methods (Winter et al., 2009), two aspects for the design of eHealth platforms need to be
addressed. First, the components of a platform, the elements of the ecosystem and their re-
lationships need to be described structurally (platform and ecosystem model). Second, the
methodical setting focusing on the actions to create the models (construction method for
eHealth platforms) needs to be specified. These two aspects result in the following research

objective, which justifies the further research questions and methods.

Research Objective. The research objective is to create methodical and structural guidance
for the design and evaluation of digital platforms and their surrounding ecosystem that con-
siders the specialities of the domain in which the ecosystem is created. Thereby, the special

focus is on the healthcare sector.

The definition of the research objective follows the idea that specific classes of artefacts
need specific design methods and prescriptive design knowledge (Winter, 2008; Kuechler
and Vaishnavi, 2012). EHealth platforms can be considered as a special class of artefacts
in a specific context. Platforms can be considered as a more generic class of artefacts but
also have specific characteristics. This work addresses the “design objectives”-pillar in the
framework for research objectives in Wirtschaftsinformatik of Becker et al. (2003) (cf. table

A.1). By providing methodical guidance for platform design, evaluation and healthcare-
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Table A.1.: Alignment of the research objective to the objectives and assignments of
Wirtschaftsinformatik according to Becker et al. (2003)

Cognition Objectives Design Objectives
. Understanding the methods and Development of methods and
Methodical . ; . . . .
. techniques of information system | techniques for information system
Assignment . .
design design:
Methodical guidance for digital
platform design and evaluation
Content-
and Understanding enterprise Providing information systems
Functional- information systems and their reference models for specific
Driven domains of use sectors and enterprises
Assignment
Methods for construction and
evaluation of eHealth platforms

specific design knowledge, this work refers to the methodical assignment as well as the
content- and functional-driven assignment of Wirtschaftsinformatik (Becker et al., 2003).

According to the DSR knowledge contribution framework of Gregor and Hevner (2013),
this research work can be classified as an Improvement-DSR-work. Research on the relation-
ship between platforms and ecosystems has reached a high maturity, but the solution maturity
has not reached a sufficient level (see section 1.2). The research objectives and the research
questions are formulated in order to contribute to the knowledge base with purposeful meth-
odical artefacts as well as prescriptive design knowledge for eHealth platforms. The author
aims to contribute to both camps of design science*. First, the framework is designed as a
usable artefact. Second, this work aims to describe how digital platforms and ecosystems in
the healthcare sector should be designed.

The main contribution of this work is the provision of a framework for platform and eco-
system design (in the following, referred to as Platform Design Framework). The framework
should be domain-independent and should allow a domain-specific instantiation. This en-
sures a broader contribution to the design knowledge base and a broader range of usage in
different domains. The following research question tackles domain-independent constructive
aspects for digital platforms and ecosystems. This addresses the outcome dimension (Winter
et al., 2009) of platform design.

4Gregor and Hevner (2013) state that two different camps of DSR have emerged. The pragmatic-design camp,
mainly driven by contributions like the works of Hevner et al. (2004) or March and Smith (1995) and the
design-theory camp, which were driven by Walls et al. (1992) or Gregor and Jones (2007), for example.
The first camp focuses on the provision of artefacts. The latter focuses on providing design theory, that
explains how artefacts should be built and why they work (Gregor and Hevner, 2013).
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RQ 1. Which design aspects are relevant for the construction of digital platforms and their

ecosystems?

The second research question treats the activities (Winter et al., 2009) that are needed to
create platforms and surrounding ecosystems. It requests reproducible design activities for
them. Hence, the following research question focuses on the dynamical aspect of platform

and ecosystem creation.

RQ 2. How can the construction of ecosystems and the corresponding digital platform be

guided systematically?

Accompanying the questions how platforms can be designed (RQ 1 and RQ 2), there is
a need to describe domain-specific knowledge that can be applied in the Platform Design
Framework. Hence, the following research question addresses the specialities of eHealth
platforms. This research question relates to the barriers for eHealth implementation that

were introduced in section 1.1.

RQ 3. How should eHealth platforms be designed in order to foster the implementation of

innovative eHealth solutions?

While the Platform Design Framework aims to support the creation of a digital platform,
there is a need to evaluate the outputs such a framework generates. An evaluation strategy for
digital platforms needs to consider the goals and the socio-technical system (design context)
in which the platform is designed (Venable et al., 2012, 430 f.). Therefore, the following
research question regarding the evaluation of platform and ecosystems directly focuses on

eHealth platforms.

RQ 4. How can the ability of eHealth platforms to create innovation-friendly ecosystems be

evaluated systematically?

1.3.3. Research Process and Methods

Regarding the creation of design-oriented theories and artefacts, this thesis follows Gregor
and Hevner (2013) who state that contribution to design theories could also be partial theor-
ies, incomplete theories or generalisations of new artefacts. Furthermore, the author follows
the position that design-oriented research is an incremental process in which single research
projects can create interim attempts to solve a class of problems in a larger research roadmap
(Gregor and Hevner, 2013; Hevner et al., 2004; Iivari, 2007). Nevertheless, a research agenda
for a single project needs to be rigorous. livari (2007) names two crucial options, to distin-
guish DSR from routine-design: the evaluation and a reasonable constructive method. While

the first is more reactive focusing on the evaluation of existing artefacts, the latter is more
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proactive because it seeks to transparently justify the construction of artefacts by using the
existing knowledge base. It seeks to innovate and improve information technology (IT) arte-
facts and not only tries to scientifically affirm the novelty of an artefact (Iivari, 2007; Hevner
et al., 2019). This thesis emphasises the second option as a primary distinction for rigour
without neglecting evaluation.

The methodical setting of this research is divided into two different parts: the research
process and the research methods (Osterle et al., 2011). The research process governs the
overall design process while the research methods help to instantiate the process to specific
systematic procedures. Research methods are techniques to gain knowledge or to create
the artefact, while the research process describes a roadmap to compose different research
methods. As examples for research methods, Osterle et al. (2011) name expert interviews for
exploration of the problem domain, reference modelling as a method for artefact construction
and pilot applications as an evaluation approach.

In this doctoral thesis the research process of Peffers et al. (2007) is instantiated. This
nominal process is used as an overarching research framework. Corresponding to step 1 in
this process, the problem identification and the objective for this research have been intro-
duced in sections 1.2 and 1.3.2. Based on these objectives, the demands in the problem space
and the guiding requirements for the artefact construction are formulated in section 3. Pef-
fers et al. (2007) name different entry points for design-oriented research. The entry point
for this doctoral thesis was the aim to evaluate the openness of an existing eHealth platform.
It is further explained in section 4.1.

The contribution of this doctoral thesis is composed of three different research outcomes
(RO). The research outcomes are derived from the four research questions (see figure A.3).
Research methods need to be tailored against the background of particular research projects
(Frank, 2006, p. 31). The research outcomes help to build the context for the tailoring of
the research methods and subordinated research processes. Section 4 describes the indi-
vidual steps of the artefact construction and evaluation. The three research outcomes are the

following:
RO 1: a framework for the design of domain-specific platforms as a central DSR artefact,

RO 2: prescriptive knowledge for platform construction in the healthcare domain, which sup-
ports the application of the design framework and justifies the evaluation of eHealth

platforms,

RO 3: methodical guidance for the evaluation of existing eHealth platforms
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Figure A.3.: Guiding research process in this doctoral thesis, adapted from Peffers et al.
(2007)

The design of the artefacts and the design knowledge are guided by individual subordinated
research processes and instantiated research methods, which are explicated in the individual
publications. The instantiation of more specialised research processes during the design step
follows the idea of recursive problem solution in design processes (Zeng and Cheng, 1991).
In this regard, the DSR-process of Peffers et al. (2007) and other research processes (e.g.
Action Design Research, Sein et al., 2011) are applied as subordinated research processes
in order to create the three research outcomes.

The demonstration of the resulting artefacts as well as the affirmation of design knowledge
are done by case studies with real-world cases (Venable et al., 2012). Thereby, the research
outcome RO 2 can be interpreted as a healthcare-specific configuration which is applied to
the two other research outcomes (RO [/ and RO 3). The papers are organised by the three
research outcomes (RO I to RO 3).

Peffers et al. (2007) consider the cyclical nature of DSR by describing backtraces to the
reconfiguration of the objectives or by directly redesigning the artefact’. In this thesis, this
iterative approach is applied in order to refine both the Platform Design Framework as well as
the evaluation guidance. The construction of the platform evaluation framework is iteratively
applied to different domains. Besides the primary focused domain of eHealth, the Platform

Design Framework is also applied to Industrial Symbiosis and Maintenance Analytics.

3As Venable et al. (2012) also interprets the demonstration step as a “lightweight evaluation”, a return from
”demonstration” is also integrated in figure A.3.
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In the course of this doctoral thesis, prescriptive knowledge for eHealth platforms is cre-
ated cumulatively in the different research contributions during the design cycles. According
to Drechsler and Hevner (2018), the design framework for platforms as well as the evalu-
ation guidance can be classified as solution design entities because they provide tangible
methods and models for design. The research outcome RO 2 can be understood as solution
design knowledge (Drechsler and Hevner, 2018, p. 89) because it provides knowledge of

how concrete artefacts (in case of this thesis: eHealth platforms) can be created.
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2. Foundational Considerations

The design of platforms needs an understanding of what needs to be designed and into which
components these complex system needs to be disaggregated. The first subsection (subsec-
tion 2.1) provides such understanding by explaining the different perspectives on platforms.
The second subsection (subsection 2.2) defines the central concepts of ecosystems and plat-
forms and explains the their relationships. Based on this framework, definitions for plat-
forms and ecosystems and related concepts are given. The third subsection (subsection 2.3)
describes a dynamical view of platform design by introducing a nominal platform design

process.

2.1. Perspectives on Platforms

Based on the differentiation of Gawer (2014), two perspectives on platforms (see figure A.2)
are explained in the following.

By economists, platforms are seen as multi-sided markets that involve at least two groups
of platform users (Gawer, 2014; Rochet and Tirole, 2003). A differentiation between gen-
eric markets and ecosystems has been proposed by Jacobides et al. (2018). They distinguish
between market-based value systems with generic complementary relationships and special-
ised markets, so-called ecosystem-based value systems with a focal product (the platform).
In these ecosystem-based value systems, non-generic relationships between ecosystem par-
ticipants occur. Those are different from generic relationships because they need a specific
degree of coordination, which generic relationships in market-based value systems do not
need® (Jacobides et al., 2018). In these ecosystems, the platform owner is understood as a
coordinator of non-generic relationships and enables interactions between the different user
groups (Eisenmann et al., 2008; Jacobides et al., 2018). The basic role model for platforms
of Eisenmann et al. (2008) classifies two groups of users: demand-side users and supply-
side users. One kind of the most important effects in these markets are network effects that
occur between the different user groups (Evans, 2003; Gawer, 2014). For instance, a soft-
ware platform provides more value to users if more and more developers provide software
on this platform. This effect is called an indirect network effect (Evans, 2003). Direct net-
work effects occur between members of of one group (Burkard et al., 2012). An example of
direct network effects can be found in the context of chat applications. The more users are
registered in a chat application the more value is generated for the single user because he can

reach more of his social contacts using this app.

® An example for a generic relationship is the relationship between a pencil and a sketchbook, which need no
further coordination to be used together.
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The engineering view treats platforms as technological architectures (Gawer, 2014). In
this regard, a platform is seen as a modularised architecture which consists of a stable core
of components and components that may vary over time and domain. The latter are also
called complements. The core and the complements are integrated by well-defined inter-
faces (Baldwin and Woodard, 2008). A vital characteristic is the modularity of the platform
and its complements, which enables evolutionary development and allows decoupling of
different platform participants (Tiwana, 2015). According to the General Systems Theory,
modularity describes the degree to which the components of a system can be disaggregated
and recombined and how they can be coupled (Schilling, 2000). It is the foundation for the
autonomous development of complements and consequently for the ability of the platform
to shape an ecosystem of independent innovators (Jacobides et al., 2018).

An important aspect besides the modularity is the degree of freedom and the design vari-
ability of the core. Baldwin and Woodard (2008) use the term “option potential”, which
means that the use of the core of the platform does not lead to a determined design of the
complements and leaves autonomy to innovators in developing a complement. This option
potential is the basis for the variability of complements and consequently for the degree of

freedom of innovators.

2.2. Platforms, Ecosystems and their Relationship

The kernel theories which inform the construction of the research outcomes are the frame-
work for platform evolution of Tiwana et al. (2010), the structuralist view of Adner (2017),
the understanding of platform architecture according to Baldwin and Woodard (2008) and
the role model for platforms of Eisenmann et al. (2008). The latter was already introduced
in section 2.1.

The framework of Tiwana et al. (2010) states that the (evolutionary) dynamics of the eco-
system around a platform are influenced both by the platform design and the environmental
dynamics (see figure A.4). The platform design consists of the architecture and the gov-
ernance, which must mutually fit the environment. Additional to the evolutionary effects
mentioned by Tiwana et al. (2010), in this work, the view is extended by other effects like
value-cocreation (Adner, 2017), emergence (Woodard and Clemons, 2014) and diffusion of
innovations (Chesbrough and Appleyard, 2007; Gawer, 2014). The framework is used to ex-
plicate the conceptual relationships between the platform, the ecosystem and the economic
environment. It identifies the platform design as an important structure that influences the

resulting ecosystem.
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Figure A.4.: Framework for studying ecosystems adapted from Tiwana et al. (2010)

The design of the platform depends on the intended value proposition which motivates the
ecosystem. Adner (2017) uses a structuralist approach and defines this dependence as fol-

lows:

”The 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 material-
ize.” (Adner, 2017, p. 42)

The alignment structure maps the different intentions of the actors in the ecosystem to the
focal value proposition. This structure tries to address the individual goals of each partner in
the ecosystem and mediates between conflicting goals. Platforms are an operationalisation
of alignment structures.

A digital platform is ’a constant generification of IT-capabilities” (Hanseth and Lyytinen,
2010) that forms an extensible technological foundation (Tiwana et al., 2010). Baldwin and
Woodard (2008) term platforms as a “’set of stable components that supports variety and
evolvability in a system” (Baldwin and Woodard, 2008, p. 3). Such platforms are able to
leverage innovation (Yoo et al., 2010). Compared to traditional software products, platforms
are more generic. They aim to create a technological basis which supports variable usages
that are not fully predictable.

Following the understanding of different artefact types (constructs, models, methods, in-
stantiations) in DSR (Hevner et al., 2004), platforms can occur as models and as instances.
Following Tiwana et al. (2010), the platform model is the ”conceptual blueprint” of a plat-
form. The platform architecture is the first part of the platform model. The platform architec-
ture describes the abstract design characteristics of a platform and organises the fundamental
components. Platform models can also be designed for a specific business context, but be
of a conceptual character. Platform governance comprises all decisions regarding the rela-

tionship between the platform owner and the actors in the ecosystem. The description of
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governance measures is the second part of platform models. This, for example, includes
the definition of decision rights, the ownership of components and the degree of control the
external actors get from the platform owner (Tiwana et al., 2010). All governance measures
in a platform influence the behaviour of the actors.

Platform instances are implemented in a specific business context. Platform instances
provide implemented technological components to individual market participants. They real-
ise governance measures for individual platform participants. For example, a platform in-
stance is the Finnish Kanta platform. It is situated in the Finnish healthcare systems and
the platform participants (e.g. patients, medical professionals) can be individually identified
(Cleary et al., 2017).

2.3. A Nominal Platform Design Process

As this work focuses on the design of platforms in specific domains, the author argues that
platforms are a special class of design artefacts and consequently can be a result of the design
process. Hence, the DSR process of Peffers et al. (2007) is used as a template for an abstract
design process for platforms (see figure A.5). This platform design process supports the
systematisation of the research contributions regarding their role in platform development.
The implementation of platforms starts with the intention to create a platform in order to
address an existing problem in a business context (step 7). The reason to set up a platform
business model may be various and depend on different domains. Consequently, the meth-
odical support to develop a central platform vision and to identify the core value proposition
of the platform is not part of this doctoral thesis. Nevertheless, the vision and rationale for
eHealth platforms are articulated in the introduction (section 1.2) as well as in the research

papers (sections 4.2.1, 4.4.1 and 4.4.2) that focus on providing prescriptive knowledge.
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Figure A.5.: Nominal design process for the creation of platforms, adapted from the DSR-
process of (Peffers et al., 2007)

Based on the platform vision, concrete characteristics for the platform need to be described
(step 2). The creation of the platform model is part of step 3. These two steps are addressed
by the intended Platform Design Framework (RO 1). In step 4, the instantiation of the
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platform models in specific business contexts is in focus. This may not necessarily be a real
implementation but an investigation on how a platform model would behave in a specific
context (in preparation of an artificial ex-ante evaluation) (Venable et al., 2012). Step 5
comprises the evaluation of the instantiated platform model. The steps 4 and 5 are addressed
by the methodical guidance for platform evaluation (RO 3). The descriptive knowledge for
platforms in the healthcare domain (RO 2) creates domain context and thus addresses all
steps. In step 6 the results of platform design processes are communicated. This can be done

by best practice patterns, by case descriptions or evaluation reports.
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3. Requirements for Design Artefacts and Knowledge

The specification of requirements in DSR can improve the rigour of artefact creation by a
detailing of research goals. Furthermore, they can help to evaluate whether a research goal
was achieved (Braun et al., 2015). Maedche et al. (2019) provide a conceptual model for the
description of requirements in DSR. Four concepts are central: needs, goals, stakeholders
and requirements. In addition, Braun et al. (2015) differentiate between two types of require-
ments: problem-oriented and solution-oriented requirements. This enhances the framework
of Maedche et al. (2019) by providing requirements in the solution space’.

The needs and goals for this research have already been identified in the sections 1.2 and
1.3.2. Different stakeholders have different interests in outcomes of DSR (Maedche et al.,
2019, p. 24 ff.). Consequently, these goals are refined by a stakeholder-specific view. In

context of the three research outcomes, two classes of stakeholders are considered:

e Platform owners: These are organisations or persons who aim to develop platforms
or to transform existing software products into platforms. Platform owners aim to
achieve commercial advantages or other benefits (e. g. health authorities aim to im-
prove patients care) by designing a platform (Rochet and Tirole, 2003, p. 993). Soft-
ware providers which want to transform existing applications into platforms can also

be treated as platform owners (Saarikko, 2016).

e Researchers: These are organisations or persons who aim to understand platforms
and to enrich the scientific knowledge base about platforms with descriptive (e.g. un-
derstanding why a platform is successful) or prescriptive knowledge (e.g. providing

guidance for successful platform design) (Drechsler and Hevner, 2018).

In Table A.2, the leading problem-oriented requirements for the design framework (RO 1)
and the evaluation guidance (RO 3) are described and assigned to the two groups of stake-
holders. These requirements are represented as use cases for the individual research out-
comes and stakeholders. They shape the problem space and provide a usage-oriented access
to the requirements of stakeholders (Bittner and Spence, 2002, p. 3 ff.). For the eHealth
platform design knowledge (RO 2), the problem-oriented requirements are summarised for
each stakeholder as they enable the healthcare-specific use of the Platform Design Frame-
work and the evaluation guidance. This, for example, addresses the need of stakeholders to
understand the concepts of platform theory in the context of the healthcare sector.
According to the research outcomes, three different sets of solution space requirements

can be derived from the problem-oriented requirements. These are described in the following

"This is similar to the distinction between business requirements and system requirements in the field of
software engineering (Ullah and Lai, 2011). Business requirements represent the need of users. System
requirements direct to the properties of a system to be developed.
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Table A.2.: Use cases of the intended artefacts (problem-oriented requirements)

RO 1: Platform Design Framework RO 3: Evaluation Guidance RO 2: Prescriptive Design Knowledge

Investigate how platforms could
be developed and applied in spe-
cific domains

Develop design principles for

Analyse which platform struc-
tures lead to specific ecosystem
configurations

Investigate the impact of platform
design decisions on the ecosys-
tem

Researcher platforms in specific domains Anal he off £ olatf
e Propose  reusable  platform | inzzir}z:stineseec?;tcs d(())mZiantsorm Use eHealth-specific understand-
designs and patterns for plat- pect N ing of platforms and get support
forms e Evaluate the utility and efficacy | for the domain-specific configura-
of existing platform approaches | (i of platform design and evalu-
e Compare different platform in- | .00
stances
e Transfer ecosystem concepts to
Create and impl " lat healthcare sector
¢ forrer;seaig eéf(:lsp ::;i: flew plat- e Analyse how well a platform ar- | ® Understand basic characterist-
cosy chitecture leads to business value ics of digital healthcare ecosys-
e Manage existing platforms and . .
tems e Prognosis of platform success tems
Platform noosys o Identify weaknesses of own plat- | ® Understand existing eHealth

owner

Manage the transformation of
existing products to a platform
paradigm

form architectures
Monitor the viability of the eco-
system around the own platform

platform approaches

Definition and management of
platform market strategy

subsections. The requirements in the solution space are differentiated into functional require-
ments (FuRs), feature-based requirements (FeRs) and theory-based requirements (TRs). In
context of this work, functional requirements describe requirements according to the usage
or function of the research outcome. For example, they describe how the Platform Design
Framework can be used. Feature-based requirements describe conditions for the usage of the
research outcome in the context of platforms and ecosystems. Theory-based requirements
describe conditions that result from the field of design science, method engineering and
design theories. While the two former types of requirements are informed by the problem-
oriented requirements, the latter type is informed by theoretical constraints (Braun et al.,
2015, p. 10 1f)).

3.1. Requirements for the Platform Design Framework

The solution space requirements for the Platform Design Framework (RO 1) are defined in
table A.3. They can be assigned to the solution space (Braun et al., 2015). These require-
ments are informed by the problem-oriented requirements from table A.2. Furthermore a ra-
tionale for each requirement is provided. Researchers in the field of design-oriented research
may aim to describe how platforms should be developed. From the researchers’ perspect-
ive, a framework for platform design can support the creation of purposeful artefacts in the

sense of DSR. Considering the introduced nominal design process for platforms (see sec-
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tion 2.3), a platform design method should support the analysis of the environmental context
(FuR 1). The platform design should be determined by the specialities of a specific envir-
onmental context. Context-specific objectives for ecosystems and platforms may be defined
on different layers in order to address the belongings of the overall ecosystem as well as the
belongings of the individuals within the ecosystem (Petrik et al., 2018). The method should
support the definition of design objectives both for the platform owner as well as for the in-
dividual actors in the ecosystem (FuR 2). These objectives justify design decisions and can
be used to derive criteria for platform performance measurement and evaluation.

Artefacts aim to address a class of problems and provide guidance for a class of problem
instances (Frank, 2006, p. 34). Thereby, typical abstractions are conceptual models, archi-
tectures and patterns. The outcome of a framework for platform design consequently could
be reusable conceptual models (FuR 3). As identified in the introduction, platform design
may vary between different domains. Therefore, the framework should support the analysis
and modelling of different domains (FeR 1). Specific domains may comprise specific types
of elements, which cannot be represented by the existing conceptual models referenced in
the framework. As a consequence, a Platform Design Framework may need situational ad-
aptations (Brinkkemper, 1996, p. 277 f.). Therefore, the Platform Design Framework should
provide the ability to be adapted to new ecosystem structures (FuR 8). Since researchers
also want to describe parts of the ecosystem or the platforms, the framework should be able
to create partial conceptual blueprints of platforms and ecosystems (TR 1). For example,
researchers might want to describe role models for specific ecosystems or only governance
measures for a specific case of platform usage.

Platform owners may aim to develop platform models based on their existing products
in order to extend their range and to complement their own functionality by third parties
(Gawer and Cusumano, 2014, p. 421). Also, the construction of new platforms based on
a vision for value creation is a case which can be found in practice (e.g. Christensen et al.,
2014). Consequently, they need to create comprehensive concepts for both, the technological
and the organisational design of platforms (FuR 4). Since ecosystems are created in existing
markets (Gawer and Cusumano, 2014, p. 420), platform owners need to analyse the existing
market situation (FuR 5) and fit the platform architecture to their existing product landscape
(FuR 6). Besides the initial creation of a platform, the management of the platform according
to the effects occurring in the ecosystem is necessary. This comprises the adaption of existing
platform strategies to changed situations in the ecosystem (Ghazawneh and Henfridsson,
2011). Furthermore, the adaption of technological facilities in the platform (Eaton et al.,
2015) is necessary. Consequently, the framework also needs to deal with existing platform
instances (FuR 7).
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Table A.3.: Requirements for the Platform Design Framework (RO 1)

Req. ID

Requirement

Rationale

Functional
(FuR 1)

Functional
(FuR 2)

Functional
(FuR 3)

Functional
(FuR 4)

Functional
(FuR 5)

Functional
(FuR 6)

Functional
(FuR 7)

Functional
(FuR 8)

Feature-related
(FeR 1)

Theory-based
(TR 1)

The Platform Design Framework
should support the analysis of the en-
vironmental context of the platform

The Platform Design Framework
should allow the definition of object-
ives for the platform and the sur-
rounding ecosystem.

The Platform Design Framework
should be able to create formal
or semi-formal descriptions (concep-
tual models) of digital platforms.

The Platform Design Framework
should consider both organisational
and technological aspects of plat-
form design.

The Platform Design Framework
should allow the analysis of mar-
ket situations and possible value-
creation logic.

The Platform Design Framework
should allow the transformation of
existing products to platforms.

The Platform Design Framework
should allow the management and re-
construction of existing platforms.
The Platform Design Framework
should be tailorable and extendible.

The Platform Design Framework
must be applicable in different do-
mains (industries, sectors, econom-
ies).

The Platform Design Framework
must be able to generate intermedi-
ary and partial results.

The environment of the platform determines
how actors in the ecosystem behave and how
the platform’s access mechanisms are de-
signed (Tiwana et al., 2010).

Platforms are design artefacts created by plat-
form owners. The reasons for creating a
platform may vary between different plat-
form owners (West, 2003; Adner, 2017) and
may address different aspects (Petrik et al.,
2018). Consequently, an analysis of guiding
rationales for platform design should be pos-
sible. Platform providers should be able to
systematise the ideas about how the ecosys-
tem should emerge and behave (Riedl et al.,
2009).

Systems (in particular information systems)
can be analysed and represented by conceptual
models (Wand and Weber, 2002). Conceptual
models support the analysis and the construc-
tion by separating a complex system into dif-
ferent aspects. This also supports the creation
of partial results.

Platforms are socio-technical constructs and
may provide a technological modular struc-
ture (Yoo et al., 2010). Platform and ecosys-
tem blueprints also need to define how the in-
teraction between participants should be regu-
lated (Ried]l et al., 2009).

Platforms are created in consideration of exist-
ing or prospective business partners (Saarikko,
2016). The method should support the ana-
lysis of their intentions and specialities.
Platforms may also be created from existing
intra-organisational product landscapes (Zhu
and Furr, 2016). By opening them up a
product owner becomes a platform owner.
Products may be pre-existing without being
developed with a clear explicated platform
strategy (Zhu and Furr, 2016).

Specialities of specific domains (see FeR 1)
may need special design activities (e.g. con-
sidering special roles of players in the health-
care domain). A situational adaptation of the
Platform Design Framework may be neces-
sary (Brinkkemper, 1996).

Platforms may be created in different fields of
the industry and economy. A universal plat-
form approach consequently is not possible
and multiple differently designed platforms
can occur in various domains (e.g. Petrik et al.,
2018).

A researcher may also aim to describe interim
artefacts (Gregor and Hevner, 2013). Partial
models of platforms may be a result of a re-
search process.
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3.2. Requirements for the Platform Evaluation Guidance

The requirements for evaluation guidance (RO 3) are defined in table A.4. From the re-
searchers’ perspective, evaluation is part of design processes. Rigour evaluation methods
are also necessary in dedicated platform evaluation and comparison projects. Evaluation is
a central part of design science research to prove utility, efficacy as well as quality (Hevner
et al., 2004) and to create acceptance of the research results (Winter, 2008). Besides the
three often-named criteria utility, efficacy and quality, other criteria like ethicality, ease of
use, completeness, and simplicity are also present (Prat et al., 2015). As introduced in sec-
tion 1.3.2, the application of these criteria to platforms is a research challenge. Guidance for
the evaluation of platforms should support the operationalisation of these criteria for the par-
ticular evaluation in context (FuR 9). Furthermore, the evaluation should be applicable both
to platform models and instances (FuR 10). This ensures that abstract conceptualisations of
platforms, ideas on platform implementation as well as concrete platforms in practice can be
evaluated. Therefore, the evaluation should also be applicable to perform a prognosis of the
platform success (FeR 2). Evaluation results should be trackable and comparable in order to
allow their communication to the scientific community (TR 2).

From the platform owners’ perspective, the evaluation of platforms should help to im-
prove the quality of platforms and to align them with the demands of the customers. Hence,
the evaluation guidance should provide indicators that support the improvement of the plat-
form. The results of the evaluation should lead to practically applicable statements, which
could be used to define starting points for further measures of platform reengineering (FeR 2).
The results of the evaluation methods should also allow a temporal tracking, because the plat-
form owners may monitor their platform performance over time (TR 2). In order to achieve a
practical utility, the evaluation guidance should be usable in an efficient way (TR 3). EHealth
platforms can be implemented in very different technological settings (e.g. Christensen et al.
2014, Serbanati et al. 2011). Consequently, technological specialities of platforms should not
impede the applicability and usability of evaluation measures (TR 4). The method should

provide mechanisms to adapt to technological specialities.
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Table A.4.: Requirements for the Evaluation Guidance (RO 3)

Req. ID Requirement Rationale

Functional The evaluation guidance must define Design objectives are the main driver for the

(FuR 9) criteria that are applicable to assess artefact construction. They are defined in a
the achievement of design object- business context (Hevner et al., 2004). Hence,
ives. These must result from the con- the evaluation criteria help to differentiate
text in which a platform is situated. ~ various degrees of target achievement.

Functional The evaluation guidance allows the The evaluation of platforms can be done in

(FuR 10) evaluation of platform models as different lifecycles and development phases.

Feature-Related
(FeR 2)

Theory-based
(TR 2)

Theory-based
(TR 3)
Theory-based
(TR 4)

well as platform instances.

The evaluation guidance should gen-
erate statements which support the
further development of platforms
Third parties should be able to re-
view, compare and track evaluation
results. The evaluation criteria must
be accessible to third parties.

The evaluation guidance must be us-
able in an efficient way.

The evaluation guidance must be
independent regarding technical
changes and technical specialities of
the evaluands.

Therefore, ex-ante and ex-post evaluations
should be possible (Venable et al., 2012).

The usefulness of evaluation results determ-
ines the practical use of evaluation guidance
(Moody, 2003).

The transparency and verifiability are import-
ant quality characteristics to create evidence
for the evaluated evaluation criteria (Prat et al.,
2015).

According to Moody (2003), the efficiency of
a method is important for its real utilisation.
Technical changes and specialities should not
prevent the use of the method. The guidance
should be applicable to a class of artefacts
(Drechsler and Hevner, 2018).
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3.3. Requirements for Platform Design Knowledge in the
Healthcare Sector

Even if the provision of solution design knowledge (RO 2) does not lead to tangible arte-
facts, the articulation of requirements regarding the knowledge contribution to the scientific
community can help to validate the research outcome, provide insight into the context of
research results and aligns the research regarding the addressed class of problems (Drechsler
and Hevner, 2018). The creation of prescriptive knowledge in the field of eHealth platforms
can be integrated into a larger stream of research work that focuses on digital innovation in
the healthcare sector (see section 1.1). Platforms leverage the provision of digital services
in interorganisational care (Fiirstenau and Auschra, 2016). Consequently, a central require-
ment is that the knowledge should address the innovation aspects of platforms in the field
of interorganisational care (FeR 3). In order to fit to the Platform Design Framework, the
knowledge should cover both technological and organisational aspects (FeR 4).

The knowledge which is created in the course of individual research contributions should
be formulated with tangible representations like design principles, lessons learned, con-
ceptual models and other structured knowledge representations (TR 5). These representa-
tions should also be applicable to partial classes of problems (Gregor and Jones, 2007) and
may also address sub-components of platforms and ecosystem (TR 6). Design principles
and other structured representations of design knowledge support efficient dissemination
(Chandra et al., 2015). These representations are a form of solution design knowledge ac-

cording to Drechsler and Hevner (2018).

Table A.5.: Requirements for the Design Knowledge (RO 2)

Req. ID

Requirement

Rationale

Feature-related
(FeR 3)

Feature-related
(FeR 4)

Theory-based
(TR 5)

Theory-based
(TR 6)

The knowledge created in this thesis
should address platforms focusing
on digital innovation in interorgan-
isational care networks.

The knowledge created in this thesis
should address both technological
as well as organisational levels of
eHealth platforms.

The knowledge should be represen-
ted by adequately structured entities
(design principles, lessons learned,
conceptual models and technological
rules support).

The design knowledge should be ap-
plicable to sub-constructs of eHealth
platforms and their corresponding
ecosystems independently.

The delivery of care tends to more integrated
interdisciplinary networks. Platforms are im-
plemented in this context (Fiirstenau and Aus-
chra, 2016).

Barriers result both from technological as well
as organisational settings (see section 1.1).

Beside the generation of knowledge, tangible
and efficient communication is important for
the reuse and distribution (Chandra et al.,
2015).

The creation of knowledge and its form-
alisation is purpose-oriented and indicative
(Gregor and Jones, 2007).
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4. Structure of the Doctoral Thesis

In figure A.6, the dependencies of the research contributions and their development are
shown. The figure also describes which research questions and which requirements from
section 3 are addressed by the individual papers. In the subsequent sections, the genesis of
the thesis is outlined. This comprises the description of preliminary research results (section
4.1). After introducing the initial research contributions (section 4.2), the papers are assigned

to the three predefined research outcomes (sections 4.3 to 4.5).

4.1. Preliminary Research

According to the nominal platform design process given in section 2.3, the research object-
ive in this doctoral thesis results from a practical setting where a telehealth platform was
to be evaluated regarding its ability to be extended by third-party solutions (Benedict et al.,
2015)8. This preliminary research work aimed to create a framework for the evaluation of
interoperability and expandability of existing eHealth platforms. This framework was inten-
ded to gain statements about whether an efficient third-party extension of existing eHealth
platforms is possible. It considers both technological and organisational aspects by adopting
existing interoperability models (e.g. Coorevits et al., 2011).

However, the deduction of evaluation criteria for platform evaluation was difficult due
to the the implicit knowledge about the organisational and innovation-oriented properties
of eHealth platforms. The expectations regarding their abilities to support integrated care
networks and to foster digital innovation in healthcare were not clearly identifiable. In par-
ticular, the existing interoperability frameworks do not sufficiently consider the perspective
of emerging digital innovations (e.g. Yoo et al., 2010). It was under-researched how the
design of eHealth platforms influences the ability to foster digital innovations in integrated
care. From this problem setting, the leading research objective was derived (see section 1.2).
Regarding the research process of this doctoral thesis, the work of Benedict et al. (2015)
created a context-initiated entry point (Peffers et al., 2007).

4.2. Foundational Research Papers
4.2.1. P1: Governance Guidelines for Digital Health Ecosystems

Based on the findings in the preliminary research, an analysis in the context of an existing
eHealth platform project was done in Paper 1. An Action Design Research (ADR) approach

(Sein et al., 2011) was applied to derive governance guidelines for platform projects in the

8step 5 in the nominal platform design process: evaluate the ecosystem and platform
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field of digital health. The build-intervention-evaluation stage was instantiated through a
four-phase platform design process (analysis, design, implementation and testing, utilisa-
tion). This process was derived from the practical project and defined a first dynamical
description of platform design.

Using the existing digital ecosystem concept of Briscoe and Marinos (2009), the paper
creates prescriptive knowledge regarding the implementation of projects which aim to de-
velop an eHealth platform. It questions which measures lead to open platforms. The pa-
per describes thirteen guidelines regarding the design of a digital health ecosystem. These
guidelines instantiate the fourth stage (formalisation of learning) of ADR (Sein et al., 2011).
The guidelines are assigned to the four phases of platform design. They address the creation
of a solution-neutral environment and describe platform-specific measures during the elicit-
ation of requirements, the platform specification, and the implementation of the platform.
The paper is assigned to the second reseach outcome (RO 2) because it provides knowledge
for eHealth platform design.

In the governance guidelines, the need for a stronger formalisation of ecosystem con-
structs and a more generic view to ecosystems is identified. They describe the need for a
clear ecosystem strategy and a justification of the platform architecture. In particular, the
authors found that design decisions depend on the intended ecosystem characteristics and
that different understandings of ecosystems may lead to different design decisions. How-
ever, neither a design-oriented conceptual model nor a systematization of ecosystems and
their characteristics could be found during the study in paper 1.

According to the nominal platform design process, the paper can be assigned to the plat-
form development phases because it discusses four phases of the platform life cycle. It
articulates a vision for eHealth platforms (step 1), defines objectives for digital ecosystems

(step 2) and gives design guidance from analysis to utilisation (step 3).

4.2.2. P4: Modelling Ecosystems in Information Systems — A Typology
Approach

In order to improve the understanding of the characteristics and views of ecosystems, a sys-
tematic literature review according to Webster and Watson (2002) and a qualitative full text
analysis was conducted. A stronger formulation of characteristics helps to clearly identify
design parameters of ecosystems and to justify design decisions in platform architectures.
Furthermore, a tangible definition of ecosystem views helps to align an intended ecosystem
design with existing phenotypes (e.g. business ecosystem, platform ecosystem) and supports
the creation of conceptual ecosystem models. As a basic premise, it was assumed that these
phenotypes and corresponding characteristics are articulated in the dominating information

systems literature. The literature review is described in paper 4 which systematises the views
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of ecosystems and their characteristics. The paper questions how different understandings
of ecosystems lead to different design guidances and asks which implications for the mod-
elling of ecosystems result from these understandings. The modelling of ecosystems is the
operationalisation of ecosystem design and follows the perception of conceptual modelling
in information systems research (Wand and Weber, 2002). The result of such modelling
(ecosystem model) can be used as the conceptual blueprint of an ecosystem.

As an essential result, the paper describes seven types of ecosystems with their character-
istics and maps them to two dimensions: System Types and Platform Focus. This system-
atisation leads to the demand that ecosystems need to be modelled from a socio-technical
view. Furthermore, it leads to the implication that platform modelling and ecosystem model-
ling should be separated. An important kernel theory driving this implication was the work
of Tiwana et al. (2010) (see section 2.2).

Based on the systematisation of ecosystems and their characteristics, a dependency model
with two different solution spaces (below: Solution Space Model) as well as an Ecosystems
Modelling Framework with different modelling-views within these solution spaces are de-
rived. The description of the views follows the metamodel for architectural description of
ISO 42010 (International Standardization Organisation, 2011). The views are defined in cor-
respondence to the identified layers of the system-type dimension. They are assigned to three

modelling aspects, following the defined Solution Space Model:

e Goal Modelling: The aspect of goal modelling can be mapped to the definition of
the core value proposition of the ecosystem (Adner, 2017). It also has to consider the

restrictions resulting from the environmental context of the ecosystem.

e Ecosystem Modelling: The aspect of ecosystem modelling comprises the formalisa-
tion of the system that emerges around the platform. It comprises the socio-economical,

the socio-technical as well as technological concepts that occur in ecosystems.

e Platform Modelling: The aspect of platform modelling comprises the formalisation

of governance and architecture of the platform.

The Solution Space Model creates the foundation for the understanding of platform-based
ecosystems and the identified characteristics are used as design criteria in further research.
The Ecosystems Modelling Framework is the first part of the Platform Design Framework®.
It contributes by providing a structural systematisation of ecosystems and platforms. The
paper provides the foundation for all further research papers and consequently for all three
research outcomes. The need for methodical modelling support and the need for evaluation

of the Ecosystems Modelling Framework are articulated as research opportunities.

°This paper describes the first design iteration according to the DSR described in section 1.3.3. Consequently,
it is part of the first research outcome (RO 1).
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4.3. Research Outcome 1: Platform Desigh Framework

4.3.1. P5: Designing Industrial Symbiosis Platforms — from Platform
Ecosystems to Industrial Ecosystems

Paper 5 applies the Ecosystems Modelling Framework developed in paper 4 to the domain of
industrial symbiosis. In a case study, it describes how the framework can be used to develop
an ecosystem and a corresponding platform architecture with a boundary resources model
for platforms in eco-industrial parks.

Regarding this doctoral thesis, the paper contributes by an intermediate evaluation of the
Ecosystems Modelling Framework. It evaluates the applicability of the Ecosystems Model-
ling Framework to a domain which is different from the healthcare sector. According to the
healthcare domain, industrial symbiosis has quite different market mechanisms. The core
value proposition is different as well as the resulting relationships and the revenue streams.
The main aim of industrial symbiosis is to identify bilateral and multilateral resource streams
that enable the reuse of material or energetic resources (Chertow, 2000). Commonalities
with the healthcare sector are the diffusion problems with ICT solutions that support the
implementation and management of the resource streams. The implementation of growing
interorganisational information systems in industrial symbiosis does not measure up to the
expectations (Grant et al., 2010).

A second contribution of the paper is an implicit methodical approach to develop eco-
systems. From the methodical position, the paper demonstrates how a boundary resources
model can be systematically built by an analysis of the goals and the roles in an ecosystem,
a specification of the business models, and by the definition of a corresponding information
system model. The paper shows an approach on how the roles of a specific domain can be
mapped to different role models of the platform theory. Furthermore, it provides a simplified
approach to formalise the business layer and the information systems layer of the ecosystem
model. Moreover, the paper describes four classes of value creation streams that could be

supported by a platform:

e Business innovation: A platform supports innovation of business models in the do-

main.

e Business routine: The management of existing business processes is supported by

reusable platform services.

e Service innovation: New digital innovations are created on the platform that influ-
ences how business processes are conducted and enable the emergence of new business

models.
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e Service routine: The provision of established digital services to support the creation

of information systems between the platform users.

These represent an operationalisation of the different views on ecosystems (business ecosys-
tem, innovation ecosystem) (Jacobides et al., 2018). In further research they can guide the

specification of how a platform supports the partners in an ecosystem.

4.3.2. P6: Management of Digital Ecosystems with the DREEM-Method — the
Case of a Virtual Coaching Platform (German Original Title: Management
Digitaler Okosysteme mit der DREEM-Methode am Beispiel einer
Virtual-Coaching-Plattform)

The case-oriented implicit methodical approach of paper 5 has been used in paper 6 to de-
velop a process model for ecosystem and platform design and management, named Dresden
Ecosystem Management Method (DREEM) (see figure A.7). It complements the structural
ecosystem modelling framework with an explicit method description. This follows the con-
vergence of method engineering and reference modeling (Winter et al., 2009). A methodical
approach for ecosystem and platform design describes a systematic and logically ordered
set of activities that help to achieve valid ecosystem and platform concepts (activity view
according to Winter et al., 2009). The Ecosystems Modeling Framework (see section 4.2.2)
focuses on the result and describes which concepts need to be defined (result view according
to Winter et al., 2009).

Case Example Case Example
,Industrial Platform Design Framework Virtual Coaching”
Symbiosis“ combined application following Build

Paper 5 Winter et al. (2009) Q
Conception of Build and ! I Design of a
ptio urdan Paper 4 Management Method Virtual
Industrial Evaluate . . Evaluate ‘
Symbiosis Ecosystems Modelling for Ecosystem Design Coaching
y Framework (DREEM) Platform
Platform
Ecosystem
_— Setup Version 0 of Artefact
Implicit + Integration Knowledge Base
Methodical
Approach
Knowledge Base Knowledge Base
Ofe and Sandberg (2019), Schreieck et al. (2016), Tiwana et al. (2010), Eisenmann et al. (2009), Adner (2017) Paper 1, Paper 2, Paper 3
Legend: l Contribution of Paper 6 ] Previous Works

Figure A.7.: Cumulative construction of the Platform Design Framework

DREEM describes the steps for ecosystem construction in three phases: ecosystem design,
platform design, and monitoring. The method is defined as a cyclic nominal process follow-

ing Ofe and Sandberg (2019). The steps of the method integrate the modelling views defined
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in the Ecosystems Modelling Framework. The practical design concepts referenced in the
individual steps of the method result from the work of Schreieck et al. (2016). The ”Dresden
Ecosystem Management Method” (DREEM) defines reactive responses to effects that are
identified in the ecosystem model as well as in the instantiation of the ecosystem. These
responses are motivated by the ecosystem dilemma which is also explained in the paper.
The development of boundary resources and platform strategies lead to potential develop-
ment pathways in the ecosystem. If these development pathways leave the intended solution
space, the platform owner has to reconfigure his or her platform strategy (Ofe and Sandberg,
2019; Ghazawneh and Henfridsson, 2011). The model-based approach of DREEM allows
describing partial models that focus on such development pathways and provide the ability
to iteratively develop new platform strategies and architectural decisions.

In order to provide a naturalistic evaluation setting, the method is applied to an eHealth
platform for virtual coaching in the field of rehabilitation. In this case study, the governance

guidelines of paper 1 and the design principles of paper 2 were considered.

4.3.3. P7: Guiding the Development of Digital Ecosystems

Paper 7 adds a stronger methodical and theoretical basis to the method definitions and jus-
tifies each step of the method by descriptive as well as prescriptive ecosystem theories. A
guiding theory is assigned to each step of DREEM. The paper aligns the method construction
and the case study to the design process of Peffers et al. (2007).

4.3.4. P8: Towards Maintenance Analytics Ecosystems: A Conceptual
Role-Relationship Model

The steps of DREEM are defined from a generic position and need to be instantiated. The
instantiation for a concrete platform depends on the domain in which the method is applied.
Paper 8 outlines the usage of the design phases of DREEM and shows how a concrete step,
the identification of roles in the ecosystem, can be done. The step is applied in the field of
maintenance analytics platforms. Based on a multi-case analysis, a role-relationship model
for maintenance analytics platforms is proposed.

The paper contributes by evaluating the applicability of DREEM in a domain different
from the healthcare sector. In the course of the paper, the phases are applied in the methodical
setting and integrated into the DSR process of Peffers et al. (2007). Thus, it also describes
how the method can be used in the context of a platform design process. According to the
nominal platform design process (see section 2.3), the paper demonstrates how objectives for

ecosystems in specific domains can be defined and how platform design can be conducted.
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4.4. Research Outcome 2: Prescriptive Knowledge for Platforms
in Healthcare

4.4.1. P2: Revise your eHealth-Platform - Design Principles for a Descriptive
Case Study

Paper 2 uses the Solution Space Model and the identified characteristics for ecosystems from
paper 4 to describe seven design principles for platforms. The objective of the paper is to
describe how open platforms for integrated care networks can be created. The paper takes an
organisational perspective. Firstly, it questions how the organisational structures (manage-
ment of healthcare networks, platform management) should be adjusted. Secondly, it reflects
on how the business models of the platform should be designed in order to achieve ecosystem
effects like emergence or coevolution. Hence, it extends the view of paper 1 by question-
ing how the utilisation and operation of the platform should be organised. Seven design
principles are derived from the theory. These design principles question the importance of
open business models, low entry barriers for ecosystem participants and the relationship of
platform management and care management.

The paper applies the organisational design principles in a descriptive case study (Yin,
2003, p. 23) and investigates how these principles are realised in the case context. Since
design principles represent prescriptive knowledge (Chandra et al., 2015), their application
in a descriptive case study is an application of design theory, whereby the design principles
represent the solution design knowledge (Drechsler and Hevner, 2018). The main contribu-

tions of the paper are

e the application of platform theory to eHealth platforms,
e practically oriented guidance for platform owners and

e the provision of a knowledge base for the evaluation of eHealth platforms.

The paper calls for the usage of the principles in evaluation studies on platforms. A study
which uses the principles from the paper was conducted by BeStek and Eklund (2019), who

instantiate the principles with concrete evaluation questions.

4.4.2. P3: Business Model Open E-Health-Platforms - Requirements and
Potentials (German Original Title: Geschéaftsmodell Offene ”E-Health-Plattform” -

Anforderungen und Potentiale)

Based on the design principles which mainly focus on the socio-economical context of an

ecosystem, paper 3 extends paper 2 by introducing the socio-technical view by questioning
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how the platform and its services support the creation of interorganisational information
systems in integrated care. The paper formulates a comprehensive view on the interplay
of platform services, third-party solutions, the intraorganisational and interorganisational
information systems, and the organisational design of integrated care networks.

The paper maps the understanding of interorganisational information systems to health-
care networks and explains how platforms help to create these systems. Based on the role
model of Eisenmann et al. (2008), the stakeholders of the healthcare sector are mapped to
the roles of platform ecosystems. Furthermore, potential platform owners in the healthcare
sector are identified. The contribution of the paper is an understanding of how intra- and
interorganisational information systems are related to platforms by adopting the interorgan-
isational view of Fedorowicz et al. (2004). The mappings of roles are used to contribute
with an adapted platform ecosystem model for the healthcare sector. This model is used to
further explain design requirements for ecosystems. The applicability of the platform eco-
system model and the requirements are shown by two different case scenarios for an existing

telehealth platform.

4.5. Research Outcome 3: Evaluation Guidance for eHealth
platforms

4.5.1. P9: Sustainability of E-Health Projects (German Original Title: Nachhaltigkeit
von E-Health-Projekten)

Paper 9 revises the evaluation approach from the given research entry point (Benedict et al.,
2015) using the ecosystem characteristics described in paper 4. The paper motivates the
evaluation by addressing the variability of eHealth sustainability (Fanta et al., 2015). It con-
cludes that not only one dimension determines the sustainability of eHealth. Consequently,
the evaluation of digital ecosystems in healthcare must consider this variety by addressing
technological, social and economical aspects. The paper describes that ecosystems can sup-
port these aspects by creating a mutable environment in which interorganisational informa-
tion systems between different stakeholders of the healthcare sector (see section 4.4.2) are
adaptable (”living information systems:” Kanellis and Paul, 1997).

The paper contributes by justifying interoperability and expandability as central criteria
for platform openness and aligns it with characteristics of ecosystems. These two charac-
teristics have been selected due to their importance for the evolutionary dynamics in the
platform (Tiwana, 2015). A framework systematises the evaluation of interoperability and
expandability on different layers. This framework provides objectives, subordinated criteria
and evaluation measures. For example, the Architecture Tradeoff Analysis Method (Kaz-

man et al., 2000) can be applied for the evaluation of expandability. The maturity model for



A. SYNOPSIS OF THE DOCTORAL THESIS 37

enterprise interoperability (Guédria et al., 2009) is suggested as an evaluation approach for
interoperability. According to the nominal platform design process (section 2.3), the paper
describes aspects of platform evaluation and proposes methods for the evaluation of plat-
forms. Possible further evaluation criteria and following evaluation questions are provided
in appendix c. The criteria are derived from the characteristics of ecosystems that result from

paper 4.

4.5.2. P10: ISO 11354-2 for the Evaluation of eHealth Platforms

Paper 10 describes a concrete methodical approach to evaluate the interoperability potentials
of an eHealth platform. Interoperability was selected because it is a foundational character-
istic and a determining premise for expandability (Tiwana, 2015). Furthermore, interoper-
ability is well conceptualised in the field of information systems (Vernadat, 2010). Based on
the Maturity Model for Enterprise Interoperability (MMEI) (Guédria et al., 2009), the paper
describes an indicator-based evaluation model for eHealth platforms and a corresponding
methodical approach to comprehensively evaluate the specific design criterion interoperab-
ility of an eHealth platform. It instantiates the evaluation measures for the organisational
layer, logical layer and technological layer as articulated in paper 9.

The paper also addresses how the definition of evaluation criteria and the inspection of
a concrete platform can be disaggregated. It describes a structural model which extends
the MMEI evaluation model. The extended model separates the definition of the indicators
from the observations. Additionally, the paper describes three different strategies on how
the indicators can be numerically aggregated. These strategies formalise the different under-
standings on how concrete measures in platforms may contribute to the interoperability of
the platform.

The evaluation model was applied in a case study. Therefore, the paper demonstrates how
a concrete characteristic of a platform can be evaluated. Regarding the nominal platform
design process, it describes a methodical approach for recurring evaluation. The indicator-
based model can be applied to other characteristics (see appendix c) by replacing the in-
teroperability barriers and concerns with corresponding views on the specific criteria. For
example, coevolution can be analysed by introducing different levels (individual to organ-
isational in Breslin, 2016). These levels could be adapted by assigning them to the goals

defined in the evaluation model.
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5. Conclusion

5.1. Results and Contributions

The platform economy has gained momentum both in the practice of digital products as
well as in Wirtschaftsinformatik and Information Systems Research. Platforms change how
companies provide their products in two ways: products become platforms and products
become parts of platforms (Alstyne et al., 2016). Creating platform products, however, stays
a challenge for platform owners and product managers.

The leading objective of this doctoral thesis is to provide guidance for design and evalu-
ation of platforms. This objective is achieved by providing a design-science-oriented holistic
view on platforms and their ecosystems. The corresponding research questions have been

answered as follows:

1. Which design aspects are relevant to the construction of digital platforms and their

ecosystems?

Based on existing platform theories, the Solution Space Model and the Ecosystems
Modelling Framework (see section 4.2.2) introduce the design aspects of platform-
based ecosystems and explain how these aspects are interrelated. It is shown how
the aspects can be used to systematise the modelling of platform-based ecosystems in

different domains.

2. How can the construction of ecosystems and the corresponding digital platform sys-

tematically be guided?

The DREEM (see sections 4.3.2 and 4.3.3) provides a methodical framework for the
systematic composition of the modelling views defined in the Ecosystems Modelling
Framework. It provides a proposal for activities to create platform-based ecosystems.
It is shown how this framework can be used to systematically develop ecosystems in

different domains.

3. How should eHealth platforms be designed in order to foster the implementation of

innovative eHealth solutions?

The specified design principles (see section 4.4.1) describe the organisational aspects
of ecosystem design. The governance guidelines (see section 4.2.1) describe which
measures are necessary in different phases of platform projects to achieve a viable
ecosystem in the healthcare sector. The healthcare specific adaptation of a platform
ecosystem model (see section 4.4.2) describes the specialisation of generic ecosystem

concepts in this field.
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4. How can the ability of eHealth platforms to create innovation-friendly ecosystems be

evaluated systematically?

The evaluation framework (see section 4.5.1) supports the organisational, logical and
technological evaluation of eHealth platforms. It describes individual criteria and
measures for each evaluation aspect. The application of the MMEI (see section 4.5.2)
describes how the evaluation of a specific criterion can be conducted. The provided
evaluation approaches can be applied to platforms created with the Platform Design

Framework.

This doctoral thesis contributes knowledge on how to design and evaluate platforms in spe-
cific domains. In order to explicate the contribution to the knowledge base of Wirtschaftsin-
formatik and Information Systems Research, the three research outcomes can be aligned to
the framework of Gregor and Jones (2007). The eight components of the framework help
to understand and communicate how the research outcomes can be used by other scholars
and how they form theoretical contributions (Gregor and Jones, 2007). For example, they
determine the scope of an artefact (component ’purpose and scope”) and how it can be mod-
ified (component “artefact mutability”).

The core contribution of this work is the first research outcome (RO 1). It focuses on the
design and formalisation of platform-based ecosystems and provides the description of the
Platform Design Framework. The framework describes a conceptual approach that helps to
understand, develop and manage the complexity of platforms and their surrounding ecosys-
tems. RO 1 consists of three subordinated artefacts (DREEM, Ecosystems Modeling Frame-
work, Solution Space Model) that create the Platform Design Framework. In figure A.8, the
instantiation of the eight components of Gregor and Jones (2007) is outlined for these arte-
facts. The Platform Design Framework enhances the existing methodical knowledge base.
The DREEM as the dynamical part of the Platform Design Framework provides a tangible
framework which adopts the existing platform theories and represents them in a methodical
order. This supports practicians as well as researchers to systematically apply platform the-
ory to their platform projects. Product managers can use the Platform Design Framework as
guidance for the development and reengineering of their platform models or to develop new
platform business models.

Researchers can use the Platform Design Framework to conceptualise platform approaches
for different sectors and to propose architectural patterns for platforms. The systematisa-
tion of types of ecosystems (see paper 4, section 4.2.2) and the Solution Space Model help
to comprehend the role of ecosystems in design-oriented research and their relationship to
platforms. The combination of the structural (Ecosystems Modelling Framework) and dy-

namical (DREEM) understanding can be used as a theoretical framework to systematise and
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formalise how platform-based ecosystems emerge. Furthermore, researchers can adopt the
Ecosystems Modelling Framework as a structural guideline to organise the knowledge about
platforms. They can utilise it to identify and elaborate new research questions for specific

aspects of ecosystem and platform development. The DREEM can be used as a method

template for research projects in the field of platform development.

RO 1: Platform Design Framework

| Design Artefact

Dresden Ecosystem
Management Method

Ecosystems Modelling
Framework

|| Solution-Space Model |

| Purpose and scope

Create and manage platform
and ecosystem models and instantiations

Understand design
dependencies for platforms

| Constructs

Platform models, ecosystem models, ecosystem actors and their behavior,
ecosystem effects, boundary resources, governance measures

Principle of
form and function

Phase model for
ecosystem creation with
steps and relations

Modelling views and
their relationships

Solutions-spaces and
explanation of
dependencies

Artefact mutability

Variable selection of
modelling languages,
tailoring of phases

Addition of new views,
different modelling
approaches

Integration of new
platform properties
and ecosystem models

| Testable propositions ||

Provision of applicability statements based
on the application in different domains

| Justificatory knowledge ||

Application of existing platform theory gained from

literature review in paper 4

Principles of implementation

Possible modelling lan-
guages are proposed,
steps in DREEM

Description of systematic
development of models

Phases in DREEM

Expository instantiation

Exemplaric modelling of
a virtual coaching platform,
development of role model
for maintenance analytics

Exemplaric modelling of
a virtual coaching platform
and industrial symbiosis
platform

Implicit in the
different case examples

Figure A.8.: Contributions of research outcome 1 - building blocks of the Platform Design
Framework, adapted from (Gregor and Jones, 2007)

The instantiation of the eight components of design theories for the second research outcome
(RO 2) is given in appendix b in figure A.9. The design principles and guidelines support
practicians in developing healthcare-oriented platform business models. They supports initi-
ators of platforms, for example national authorities, by an instantiation of platform theories
for the special case of the healthcare sector. RO 2 creates a foundation for the development of
eHealth platforms using the Platform Design Framework. The platform ecosystem model for
healthcare helps practicians as well as researchers to map the stakeholders of the healthcare
sector to roles in platform-based ecosystems. The results of this research outcome contribute
to the body of prescriptive knowledge and thus can be integrated into further design-oriented
research projects in the field of the healthcare sector. In addition to the design-supporting
aspect, researchers can adopt the healthcare specific design principles and guidelines as a
foundation for the analysis of platforms (e.g. BeStek and Eklund, 2019). Furthermore, the
results of the case studies conducted in RO 2 can be used as a template for similar research
efforts. Consequently, the doctoral thesis also contributes by providing domain-specific im-

plementation knowledge.
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The third research outcome (RO 3) deals with the question of how statements about the
quality of the platform models and instances can be obtained. The instantiation of the eight
components of design theories is provided in appendix b in figure A.10. RO 3 enhances
the knowledge base with methodical guidance for eHealth platform evaluation and can be
used by platform providers to benchmark own platforms. It can be used to analyse platform
models that were created by the Platform Design Framework. Researchers can adapt the
methodical evaluation approaches for their own evaluations by implementing new quality
objectives and evaluation criteria. Beside the eHealth-specific contribution, the thesis con-
tributes by providing domain-specific knowledge in the domains Industrial Symbiosis and
Maintenance Analytics.

To sum up, the combination of the three research outcomes establishes a comprehensive
theoretical approach to the design and evaluation of platforms in the healthcare sector. It
supports both researchers and professionals by implementing and analysing own platform

strategies.

5.2. Validation and Evaluation

Besides the evaluation using case studies in the individual papers, an artificial evaluation
(Venable et al., 2012) is conducted by validating the research outcomes against the require-
ments (see section 3). The tables A.9, A.10 and A.11 in the appendix provide results of the
validation. The evaluation measures for the individual research contributions are summar-
ised in table A.6. The classification follows Venable et al. (2012). An evaluation is classified
as naturalistic if it is applied to existing platforms or platforms that are created in a real-
world context (for example to the aforementioned Telehealth Platform for Eastern Saxony).
An evaluation is classified as artificial if it is applied to a theoretically constructed platform
which could appear as a real-world case, but is not existing yet (for example the aforemen-
tioned Industrial Symbiosis Platform). This interpretation follows Gregor and Jones (2007)
who differentiate between material artefacts that are instances of the real world (e.g. software
or hardware) and abstract artefacts which represent theories about artefacts.

Summarizing, the evaluations conducted in the individual research works have shown the
applicability of the proposed contributions. It was shown that the Platform Design Frame-
work (RO 1) supports the systematic creation of platform and ecosystem models. The frame-
work has successfully supported the instantiation of the platform theory for concrete artefact
construction and the creation of models for ecosystems in three different domains. For the
prescriptive design knowledge (RO 2) it was shown that this knowledge is applicable to a

real project. The design principles were also used in the named platform project for Eastern

103¢c. to (Venable et al., 2012)
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Table A.6.: Summary of the evaluations conducted in the individual research papers

P.-ID Evaluation Evaluand Evaluation Context  Classification'’
P1 Integrated build, interven-  Governance Guidelines Telehealth Platform Naturalistic
tion and evaluation cycles for Eastern Saxony
conforming to ADR
P2 Descriptive case study Design Principles, Solu- Telehealth Platform Naturalistic
tion Space Model for Eastern Saxony
P3 Scenario-based evalu- Platform ecosystem  Fictional Healthcare Artificial
ation, two scenarios model for healthcare, and Network
corresponding  require-
ments
P4 - - - -
P5 Case-based Development Ecosystems  Modelling Industrial Symbiosis  Artificial
of ecosystem and bound- Framework, Solution  Platform
ary resources model Space Model
P6  Case-based modelling of DREEM and Ecosystems vCare Virtual Coach- Naturalistic
platform and ecosystem Modelling Framework ing Platform
P7 as in P6 as in P6 as in P6 as in P6
P8 Multi-case-based devel- DREEM and Ecosystems Maintenance Analyt- Naturalistic
opment of role-model Modelling Framework ics Platforms
P9  Case-based application Evaluation Framework for ~ Telehealth Platform Naturalistic
E-Health-Platforms for Eastern Saxony
P10  Case-based application Indicator-based ~ Evalu- Telehealth Platform Naturalistic

ation Model

for Eastern Saxony

Saxony to produce an evaluation report which was made available to the platform owner.

This also applies to the evaluation guidance (RO 3).

5.3. Critiques and Prospects

Since this work follows the design-science research paradigm, the research results in this
doctoral thesis inherit the limitations that arise from this paradigm. In particular, the util-
ity of artefacts depends on their context of usage and the specificity of the problem context
(Gregor and Hevner, 2013). Consequently, the research outcomes are limited to this explic-
ated problem context. Even though the applicability and adaptability (Prat et al., 2015) of the
Platform Design Framework was demonstrated in three different domains, it’s adaptability
and applicability in other domains and by other stakeholders is not guaranteed. However,
the DREEM and the Ecosystems Modelling Framework offer possibilities for extension and
tailoring. This allows the evolution of the artefacts provided by this work.

The application of the DREEM and the Ecosystems Modelling Framework was evaluated
through case studies situated in different domains. The evaluation results are restricted to
the case studies and can only be generalised by argumentative positions of the researcher
(Benbasat et al., 1987, p. 371). In further research the application of the DREEM could

be analysed by an experimental setting. A set of product managers and platform owners



A. SYNOPSIS OF THE DOCTORAL THESIS 43

could apply the DREEM to their own product landscape in order to identify obstacles or
ambiguities in the usage of the method. The evaluation of the efficient usage in practice
settings different from the given case studies is pending and must be done in further research.

Since platform and ecosystem theories originated from the field of economics and organ-
isation sciences (Moore, 1993; Rochet and Tirole, 2003), the kernel theories that guide the
research work were mainly influenced by these fields of science. This doctoral thesis uses
the postulates from these theories as premises. The existence of network effects, value-co-
creation and coevolution were used as leading design criteria. However, the doctoral thesis
does not question whether these effects really lead to positive effects in the healthcare do-
main. Nevertheless, there is evidence for these effects in the healthcare sector (Fiirstenau
and Auschra, 2016). Furthermore, the applicability of the methodology does not depend on
the existence of these effects.

With regard to the proposed evaluation approach in RO 3, the focus has been on interop-
erability which is one of the major characteristics for the openness of platforms. However,
the concrete evaluation of other characteristics is pending and needs to be conducted in fur-
ther research. The framework proposed in paper 9 may provide an entry point for further
evaluation approaches. The proposed evaluation guidance supports the analysis of whether
a platform architecture and strategy lead to specific characteristics and effects in the ecosys-
tem. However, the evaluation approaches do not question whether a platform architecture
leads to economical efficency or to a reliable prediction of platform success. Other factors
than specific characteristics may influence the success of platforms. According to the frame-
work of Venable et al. (2012), a naturalistic ex post evaluation may provide insights into the
efficiency and success of platforms created with the provided Platform Design Framework.

Further research work can be conducted in the field of conceptual modelling of ecosys-
tems. Modelling languages for the different views of the Ecosystems Modelling Framework
need to be identified. A mapping of ecosystem concepts to these modelling languages is
needed in order to analyse whether existing modelling languages can be used for the model-
ling of platform-based ecosystems. The development and integration of metamodels for eco-
system and platform modelling is there a prospect challenge for research. The representation
of ecosystem effects (e.g. network effects, coevolution) in existing modelling languages is

one specific research challenge which also should be addressed in further research.
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Appendices

a. Barriers for Digital Health Implementation

1. Organisational and regulatory specialities of the healthcare industry lead to com-
plex business models for innovators. The healthcare sector can be subdivided into
different socio-economical subsystems (sectors). Different players provide different
services to the patient in different phases of treatment. In most healthcare systems,
there are different regulations for different players (e.g. different reimbursement reg-
ulations for outpatient versus inpatient care facilities) (Bohm et al., 2013; Hwang and
Christensen, 2008; Nohl-Deryk et al., 2018). eHealth solutions often aim to support
inter-sectoral care. The market introduction and widespread diffusion of technological
innovations that fit the demands of the different partners from the different sectors
may be difficult due to different intentions, complex relationships between actors and
cultural differences (Auschra, 2018; Kelly and Young, 2017). Furthermore, complex
regulations regarding data protection, medical product regulations and reimbursement
mechanisms lead to high user adaption efforts for the innovators (Grigsby et al., 2002;
Stroetmann et al., 2011; Saner, 2016; MacNeil et al., 2019). For example, the integra-
tion into existing reimbursement mechanisms is a very long-term process which often
gets outpaced by innovation cycles (Leppert and Greiner, 2016). Furthermore, stake-
holders in healthcare are very quality sensitive and patient safety is not negotiable (de
Bont and Bal, 2008; Ossebaard and Van Gemert-Pijnen, 2016; Agboola et al., 2016).
This makes it hard for innovators to transfer a pilot into operative care (Kndppler and
Stendera, 2019).

2. There is a lack of interoperability in existing healthcare information systems. In-
teroperabilty issues may occur on enterprise (organisational) level, on application sys-
tem (logical) level as well as on IT-infrastructural level (Guédria et al., 2012). On the
enterprise level, missing coordinated intersectoral processes and pathways as well as
mutual legal agreements are major interoperability issues (Alexandrou and Mentzas,
2009; Weber-Jahnke et al., 2012; Benson and Grieve, 2016). On the application system
level, interoperability issues result from missing interoperability standards (Auschra,
2018; Hoerbst and Schweitzer, 2015) and missing implementation of existing stand-
ards (Thun, 2015; Nohl-Deryk et al., 2018; Hoerbst and Schweitzer, 2015) in these
systems. There are plenty of different interoperability standards like Integrating the
Healthcare Enterprises (IHE), the family of HL7 standards or ISO 13606. However,
their adoption works not as expected due to inappropriate IT architectures of the ap-

plication systems or the complexity of the specification that leads to high learning
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efforts (Alkraiji et al., 2013; Lin et al., 2012; Bender and Sartipi, 2013). For example,
the Health Level Seven Version 3 (HL7v3) standard has been criticised for its very
complex design (Worden and Scott, 2011). At the infrastructural level, interoperabil-
ity issues result from immature technology, security issues and incompatible hardware
(Nijeweme-d Hollosy et al., 2015). For example in Germany, the national infrastruc-
ture for health communication (telematics infrastructure) as well as national electronic
health records have not reached sufficient maturity yet (Thiel et al., 2018) and are
criticised for inappropriate application of existing standards (IHE Deutschland e. V.,
2019).

3. eHealth projects are problem-seeking rather than solution-seeking. Andreassen
et al. (2015) state that eHealth projects are often ”technology-deterministic”” and try to
reconstruct a perceived problem setting. Top-down-innovation approaches for health-
care modernisation have also failed (Chowdhury, 2012; Stroetmann, 2013). However,
bottom-up innovation is difficult caused by missing social integration of innovators and
demanders. Chowdhury (2012) states: "Fundamentally, those with the technical skills
to build solutions are separated from those who have the frontline experience and un-
derstanding to know which solutions should be built.” Another problem with bottom-
up innovation approaches results from collisions of innovation projects (Pendharkar
et al., 2016). This may lead to higher efforts due to post hoc integration. Because of
the problems with top-down as well as bottom-up approaches, middle-out approaches
(Stroetmann, 2013; Coiera, 2009) and innovation-friendly environments are reques-
ted (Kelly and Young, 2017). In middle-out approaches, a central authority provides
a basic set of infrastructural components and standards for the healthcare sector and

enables innovators to provide their innovations in an innovation-friendly context.

4. Interorganisational networks are unstable regarding their structure and manage-
ment (Majchrzak et al., 2015). For example, decision making is often distributed and
actors may enter or leave the networks. The relationships between institutions vary
in a continuum of cooperation and competition and are unstable (Gnyawali and Park,
2011). Dynamic and continuous changes in these networks function as a stimulus
for the underlying IOIS which must be able to continuously adapt to these changes
(Kanellis and Paul, 1997). IOIS are created by using digital services which electron-
ically connect the actors and help to create application systems (Lyytinen and Dams-
gaard, 2011). However, the creation of application systems requires high efforts and
investments. Reconfigurations can be costly and as a consequence 1OIS tend to reach
fixed system stability which does not respond to changed environmental conditions

(Kanellis and Paul, 1997). There is a tension between the dynamism of interorgan-
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isational networks and the reconfigurability of the IOIS. In the healthcare sector, the
variability of interorganisational networks results from different, very discontinuous
patient flows, variable cooperations and networks as well as from the decentralised or

missing coordination between the different stages of intersectoral care (Luthe, 2017,
pp.- 52 f.,57 1)
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b. Contribution Overview

RO 2: Prescriptive Knowledge for eHealth-Platforms

Design Artefact

Governance Guidelines
for Platform Creation

Organisational Design
Principles

Platform Ecosystem
Model for Healthcare

Purpose and scope

eHealth-platforms

Describe how platform theory applies to

Constructs

Integrated care networks, eHealth-services, stakeholders of the healthcare sector,
healthcare information systems, eHealth platform models, organisational specialities

Principle of
form and function

Governance guidelines
and four-phase process
for platform design

Description of relationships
of organisational measures
and ecosystem effects

Mapping of health (IS)
concepts
to platform theory

Artefact mutability

Variable instantiation
depending on stakeholders
and roles

Translation to other
interorganisational networks
in healthcare and related social domains

Testable propositions

Provision of statements about the applicability
for the healthcare domain based on case examples.

Justificatory knowledge

Application of ecosystem
model of Briscoe
and Marinos 2009

Application of existing platform theory gained from
literature review in paper 4, interorganisational
healthcare information systems theories

Principles of implementation

Four-phase process
guides application of
governance guidelines

Implicit in the design
principles resp. requirements, and
the application of the solution space model

Expository instantiation

Examples for guideline
instatiation

Scenario for organisational
implementation

Instantiation of ecosystem
model, two-scenarios for
socio-technological
implementation

Figure A.9.: Contributions of research outcome 2 - building blocks of the prescriptive know-
ledge for eHealth platforms, adapted from (Gregor and Jones, 2007)
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RO 3: Evaluation Guidance for eHealth-Platforms

Design Artefact

Evaluation Framework
for Platform Openness

Application of Maturity Model
for Enterprise Interoperability

Structural Evaluation
Model

Purpose and scope

Describe which aspects of eHealth platforms
need to be evaluated and how

Describe

evaluation of specific evaluation criteria

how to operationalize the

form and function

measures and their application
to interoperabilty layer models

Constructs Evaluation objectives, evaluation critera and methods for determination,
modules of platforms, interoperability concepts and barriers, eHealth platform models
Principle of Objectives, criteria and Provision of methodical

support and a mapping of
numerical explanatory models

Ontological representation
of stakeholders, indicators
and evaluation goals

Artefact mutability

Application of alternative
quality objectives, criteria and
measures for the defined layers

Replacement of interoperability
by different evaluation criteria,
different explanatory models

Flexible integration of
quality indicators

Testable propositions

Provision of feasibility and applicability statements for early-state evaluations
based on the application in an existing eHealth platform.

Justificatory knowledge

Application of interoperability layer models and platform theories gained
from paper 4, application of existing maturity models, theory on interoperability potentials

Principles of implementation

Suggestion of existing
evaluation measures,
implicit by dependency of
objectives, criteria and measures

Suggestion of explanatory models and
possible justifications for them, differentiation of
standardisation phase and evaluation phase

Expository instantiation

Instantiation of objectives,
criteria and measures

Application for selected criteria in a
selected case context

Figure A.10.: Contributions of research outcome 3 - building blocks of the evaluation guid-
ance for eHealth platforms, adapted from (Gregor and Jones, 2007)
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c. Evaluation Criteria for Ecosystem Characteristics

Table A.7.: Evaluation Criteria and Questions, Criteria 1 to 4

Characteristic  Criterion Question
1 Emergence Narrowness Does the platform define any alignment regulations?
Uncertainty Are the actions and reactions to changing platform condi-
tions determinable by platform participants?
2 Co-Evolution Continuous Develop- 1) Does the platform support individual and independent
ment development cycles?
2) Can platform components be changed autonomously by
participants?
3) Can platform components be interdependent?
Effectual Actors Does the platform allow a notification of changes of indi-
vidual platform components?
3 Coopetition Coopetition Is cooperation and competition possible?
3.1 Cooperation Shared view, Social Are there mandatory rules to share common objectives or

3.2 Competition

4

Network
Orientation

Rules

Community-
Orientation

Cocreation

Performance orienta-
tion

Market orientation

Connected

Actors
Organizational Inde-
pendence

Dynamism

a common world view? Or can they emerge during inter-
action?

1) Are there incentives to share own solutions to reach a
common objective?

2) Is it possible to restrict utilization of components for
other participants?

Can platform participants create and provide platform
components collaboratively?

1) Does the platform provide a performance valuation and
are the valuation results comparable?

2) Are there incentives that lead to performance orienta-
tion?

1) Can platform participants decide which platform com-
ponents they use?

2) Can different participants offer components for the same
purpose?

3) Can platform participants act either as demand or supply
side users or both?

1) Can platform participants mutually interact?

2) Are there defined interaction channels?

Are the platform participants independent concerning their
interactions with others?

Are the relationships between the participants of a dy-
namic nature (emerging, disappearing)?
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Table A.8.: Evaluation Criteria and Questions, Criteria 5 to 7

Characteristic

Criterion

Question

5 Openness

6 Recombination

7 Self-
Organization

Accessibility

Expandability

Voluntariness

Neutrality

Transparency

Interoperability

Combinability

Modularity

Individual Independ-
ence

Can new platform participants access existing platform com-
ponents?

Can new or existing platform participants add new compon-
ents to the platform?

1) Can platform components be removed without negating
the existence of the platform ecosystem?

2) Can platform participants cancel the relation to the plat-
form?

Are standards, participation- and access-rules for platform-
components formulated neutrally regarding individual plat-
form participants?

1) Does the platform provide an open component catalogue?
2) Does the platform provide an open participants catalogue?
3) Are the regulations, standards and access rules docu-
mented and accessible?

1) Is the participation based on standardised interface and
access rules?

2) Can participants share information about their compon-
ents interaction abilities?

3) Are there rules or standards for interaction abilities?

1) Does the platform foster the reusability of components?
2) Can existing platform components use other platform
components?

1) Does the platform support the decomposition of solu-
tions?

2) Can parts of components be used in other components?
1) Does the platform allow participants to make their de-
cisions on their own? (decentralised decisions)

2) Can platform participants define their own usage rules for
their platform components?

3) Does the platform allow the participants to pursue their
own interests and aims?
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d. Validation of the Requirements

Req.-ID

Table A.9.: Validation of the requirements for research outcome 1
Validation

FuR 1

FuR 2

FuR 3

FuR 4

FuR 5

FuR 6

FuR 7

FuR 8

FeR 1

TR 1

The Solution Space Model defines the relationships of the environmental con-
text, the platform and the ecosystem. The DREEM supports the analysis of the
different objectives of market actors that result from the environmental context.
The Ecosystems Modelling Framework provides two types of objectives (in-
ternal, environmental) and the DREEM method uses these two types of goals
in order to describe the needs of ecosystem actors and the platform owner.
The definition of views in the Ecosystems Modelling Framework provides
entry-points for the definition of modelling languages. The DREEM identifies
where the different views should be used in a platform construction process.
In paper 6 it has been shown how concrete semi-formal languages can be used
when applying the DREEM.

DREEM uses the results of an organisational ecosystem analysis to de-
termine possible technological products and services. Based on this socio-
technological setting, it allows the definition of both technological boundary
resources as well as organisational measures for platform management.
DREEM analyses the potential relationship between ecosystem actors as input
for the analysis of value-creation logics. The Ecosystems Modelling Frame-
work supports this by defining structural actor and product views and defines
also dynamical modelling views for the relationship of actors and the resulting
ecosystem effects as well as for the resulting product combination.

The DREEM method provides the brown-field entry as an entry point for
product transformation.

Due to the cyclical applicability of DREEM and the modular integration of
modelling views the entry to methodical approach can vary. The method allows
backtraces and partial development pathways.

The Ecosystems Modelling Framework does not predefine how the concrete
aspects have to be modelled. It allows a domain and technological adaption
of modelling approaches. The DREEM can be extended by domain specific
activities in the individual method steps.

The Ecosystems Modelling Framework as well as the DREEM has been ap-
plied to three different domains (healthcare, maintenance analytics, industrial
symbiosis).

The Ecosystems Modelling Framework supports the disaggregation of plat-
forms and ecosystems by defining modelling views. This also allows the defin-
ition of partial models. The DREEM allows the focus on special development
pathways. For example, the boundary resources may be derived for a specific
role in an ecosystem.
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Req.-ID

Table A.10.: Validation of the requirements for research outcome 2
Validation

FeR 3

FeR 4

TR 5

TR 6

Req.-ID

The field of integrated care is addressed by the design principles. For example,
the role of the care management in integrated care networks is made explicit.
The organisational aspects are addressed by paper 2 and extended by tech-
nological considerations in paper 3. In paper 3 the information systems and
application systems view is described.

Design principles, governance guidelines, an adapted healthcare platform eco-
system model and scenarios are used to describe the design knowledge.

The governance guidelines, design principles and information system consider-
ations can be described without having a fully specified platform. For example
recommendations for price models may be applied to specific price related gov-
erance measures of the platform without knowing the full architecture of the
platform.

Table A.11.: Validation of the requirements for research outcome 3
Validation

FuR 9

FuR 10

FeR 2

TR 2

TR 3

TR 4

It has been shown how specific criteria (for example interoperability and ex-
tensibility) can be evaluated and how specifics of the domain can be integrated
by applying healthcare interoperability models.

The provided measures in paper 9 show different methods for evaluation of
models as well as instances. For example, the maturity model applied in pa-
per 10 can be used both for architectural descriptions as well as for running
platforms.

The provided measures in paper 9 (e.g. Architecture Tradeoff Analysis
Method, Maturity Models) help to identify improvement aspects.

The evaluation framework for interoperability and extensibility provides ob-
jectives, criteria and measures for the evaluation of eHealth platforms which
disaggregate the criteria of interoperability and extensibility. The structural
evaluation model described in paper 10 provides an indicator-based analysis,
which makes the evaluation comprehensible.

The suggested measures in paper 9 provide a pre-selection of possible evalu-
ation approaches, which can also be applied for criteria other than interoperab-
ility and extensibility. The structural evaluation framework in paper 10 separ-
ates the definition of indicators for evaluation from the analysis. This enables
an efficient evaluation of platform models and instances. The applied maturity
model provides a comprehensible overview of strengths and weaknesses.

The provided evaluation approaches do not assume a technical preconfigura-
tion. The identified criteria and indicators are technology agnostic.
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e. Overview of the Papers and Declaration of Authorship

Table A.12: Papers of the doctoral thesis and declaration of authorship

P1
Authors

Publication

Authors’ contribution

P2
Authors

Publication

Authors’ contribution

P3

Authors

Publication

Authors’ contribution

P4
Author

Publication

Authors’ contribution

Governance Guidelines for Digital Healthcare Ecosystems
Martin Benedict (MB), Hannes Schlieter (HS)

D. Hayn, G. Schreier, E. Ammenwerth, A. Horbst (Eds.): eHealth 2015 - Health
Informatics Meets eHealth. Proceedings of eHealth 2015, Vienna, Austria, June 18 -
19, 2015: 233 - 240.

MB: problem definition, theories on digital ecosystems, research method, case ex-
ample, governance guidelines, governance process

HS: challenges in healthcare sector, research method, governance process, conclusion
Revise your eHealth Platform! — Design Principles for a Descriptive Case Study
Martin Benedict (MB), Hannes Schlieter (HS)

Proceedings of 23rd Americas Conference on Information Systems, AMCIS 2017,
Boston, MA, USA, August 10-12, 2017.

MB: conception of paper, research challenge, platform theory, Solution Space Model,
design principles, case study

HS: conception of paper, research challenge, research method, case study, conclusion
Geschiftsmodell Offene ,,E-Health-Plattform* — Anforderungen und Potenziale
Hannes Schlieter (HS), Martin Benedict (MBe), Martin Burwitz (MBu)

S. Miiller-Mielitz, B. Sottas, A. Schachtrupp (Eds.): Innovationen in der Gesund-
heitswirtschaft - Theorie und Praxis von Businesskonzepten, Bibliomed, 2017: 170 -
195.

HS: conception of paper, motivation, roles and relationships in healthcare platform
strategies, interorganisational networks and processes, requirements for platform
business models, case study, conclusion

MBe: conception of paper, motivation, theory on ecosystems, Solution Space Model,
roles and relationships in healthcare platform strategies, interorganisational informa-
tion systems, adapted platform ecosystem model, requirements for platform business
models, scenarios

MBu: roles and relationships in healthcare platform strategies, interorganisational

processes and networks, requirements for platform, business models
Modelling Ecosystems in Information Systems — A Typology Approach
Martin Benedict (MB)

Proceedings of Multikonferenz Wirtschaftsinformatik 2018, Liineburg, Germany,
March 06-09, 2018: 453 - 464.

MB: complete paper

continued on next page...
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Table A.12: Papers of the doctoral thesis and declaration of authorship [continued]

Ps

Authors

Publication

Authors’ contribution

P6

Authors
Publication

Authors’ contribution

P7
Authors
Publication

Authors’ contribution

Designing Industrial Symbiosis Platforms — from Platform Ecosystems to Indus-
trial Ecosystems

Martin Benedict (MB), Linda Kosmol (LK), Werner Esswein (WE)

Proceedings of Pacific Asia Conference on Information Systems 2018, PACIS 2018,
Yokohama, Japan, June 26 - 30, 2018: 306.

MB: conception of paper, motivation, research challenge, roles and relationships, the-
ory on ecosystems, mapping of ecosystem roles, streams of innovation and routine,
ecosystem modelling framework, information system model, boundary resources
model, conclusion

LK: conception of paper, motivation, platforms in industrial symbiosis, barriers for
ICT in industrial symbiosis, roles and relationships, theory on industrial symbiosis,
streams of innovation and routine, phase model on industrial symbiosis, boundary re-
sources model, conclusion

WE: research conception

Management Digitaler Okosysteme mit der DREEM-Methode am Beispiel einer
Virtual-Coaching-Plattform

Martin Benedict (MB), Hannes Schlieter (HS), Carola Gi3ke (CG)
HMD Praxis der Wirtschaftsinformatik, 2019

MB: conception of paper, digital ecosystems in healthcare, design an management of
ecosystems (structural perspective), ecosystem management method (DREEM), mod-
elling of case example, conclusion

HS: conception of paper, motivation, design and management of ecosystems (dy-
namic perspective, ecosystem dilemma), modelling of case example, conclusion

CG: description of case example

Guiding the Development of Digital Ecosystems

Martin Benedict (MB), Hannes Schlieter (HS), Carola Gifike (CG), Kai Gand (KG)
working paper

MB: conception of paper, motivation, kernel theories, method and research design,
design and management of ecosystems, ecosystem management method (DREEM),
modelling of case example, conclusion

HS: conception of paper, motivation, method and research design, modelling of case
example, conclusion

CG: description of case example

KG: description of case example

continued on next page...
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Table A.12: Papers of the doctoral thesis and declaration of authorship [continued]

P8

Authors
Publication

Authors’ contribution

P9
Authors

Publication

Authors’ contribution

P10

Authors

Publication

Authors’ contribution

Towards Maintenance Analytics Ecosystems: A Conceptual Role-Relationship
Model

Patrick Zschech (PZ), Martin Benedict (MB)
working paper

PZ: conception of paper, motivation and problem setting, multi-case description, eco-
system roles and relationships, discussion and further research

MB: conception of paper, motivation and problem setting, research agenda and re-
search method, phase model, ecosystem roles and relationships, discussion and fur-

ther research

Nachhaltigkeit von E-Health-Projekten
Hannes Schlieter (HS), Martin Benedict (MBe), Martin Burwitz (MBu)

S. Miiller-Mielitz, T. Lux (eds) E-Health-Okonomie. Springer Gabler, Wiesbaden: 99
- 116.

HS: conception of paper, background, sustainability dimensions, case example, con-
clusion

MBe: conception of paper, digital ecosystem theory, openness of eHealth platforms,
framework, criteria and control measures, case example

MBu: sustainability dimensions, case example, control measures
ISO 11354-2 for the Evaluation of eHealth Platforms

Martin Benedict (MBe), Hannes Schlieter (HS), Martin Burwitz (MBu), Werner Ess-
wein (WE)

Proceedings of Pacific Asia Conference on Information Systems 2016, PACIS 2016,
Chiayi, Taiwan, June 27 - July 1, 2016.

MBe: conception of paper, motivation, theory on interoperability potential, introduc-
tion of maturity model and ISO standard, structural evaluation model, explanatory
models, application of evaluation model, evaluation

HS: conception of paper, motivation, requirement analysis, case example description,
evaluation, conclusion

MBu: requirement analysis, case example description, evaluation

WE: research conception
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Table A.13: Complete list of publications
Publication Ranking!!

2019

VHB: -

Martin Benedict, Hannes Schlieter, Martin Burwitz, Tim Scheplitz, Marcel Susky, and Peggy

Richter. A Reference Architecture Approach for Pathway-based Patient Integration. In Pro-
ceedings of EDOC 2019. Paris, France, 2019.

WKWI: B

Martin Benedict, Hannes Schlieter, Martin Burwitz, Tim Scheplitz, Marcel Susky, Peggy
Richter, and Tjalf Ziemssen. Patientenintegration durch Pfadsysteme. In Proceedings of WI
2019, 927-41. Siegen, Germany, 2019.

VHB: C
WKWI: B
(34 % AR)

Martin Benedict, Hannes Schlieter, and Carola Gifke. Management Digitaler Okosysteme
mit der DREEM-Methode am Beispiel einer Virtual-Coaching-Plattform. HMD Praxis der
Wirtschaftsinformatik, 2019.

VHB: C
WKWI: B

Tim Scheplitz, Stefanie Kaczmarek, and Martin Benedict. The Critical Role of Hospital In-
formation Systems in Digital Health Innovation Projects. In Proceedings of CBI 2019. Mo-
scow, Russia, 2019.

VHB: -
WKWI: B
(CEC-Con.)

2018

Benedict, Martin. Modelling Ecosystems in Information Systems — A Typology Approach.
In Drews P.,, B. Funk, P. Niemeyer, and L. Xie (eds), Proceedings of the Multikonferenz
Wirtschaftsinformatik 2018, 2:453—64. Liineburg, Germany: Leuphana Universitit Liineburg,
2018.

VHB: D
WKWI: C

Martin Benedict, Hanno Herrmann, and Werner Esswein. EHealth-Platforms - The Case of
Europe. In Ugon, A., D. Karlsson, G. O. Klein, and A. Moen (eds), Building Continents of
Knowledge in Oceans of Data: The Future of Co-Created EHealth - Proceedings of MIE 2018,
247:241-45. Studies in Health Technology and Informatics. Gothenburg, Sweden: 10S Press,
2018.

Martin Benedict, Linda Kosmol, and Werner Esswein. Designing Industrial Symbiosis Plat-
forms - from Platform Ecosystems to Industrial Ecosystems. In Proceedings of the 22nd Pacific

Asia Conference on Information Systems, 306. Yokohama, Japan, 2018.

VHB: C
WKWI: B

Kiimmel, Michéle, Martin Benedict, and Werner Esswein. Prozessanalytische Betrachtung
Notfallmedizinischer Vorsichtungsalgorithmen. In Drews P., B. Funk, P. Niemeyer, and L. Xie
(eds), Proceedings of the Multikonferenz Wirtschaftsinformatik 2018, 5:1959-70. Liineburg,
Germany: Leuphana Universitiit Liineburg, 2018.

VHB: D
WKWI: C

continued on next page...
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if conference and publication name has changed, the abbreviation of the publication is named in brackets
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Table A.13: Complete list of publications [continued]
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ings Multikonferenz Wirtschaftsinformatik 2018, 2:744-55. Liineburg, Germany: Leuphana
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g. Overview of All Conference Presentations of the Author

Table A.14: Complete list of conference presentations

Title, Conference Date Venue
Using Pathway Systems for Patient Integration. 23rd IEEE International 28.10. - Paris,
EDOC Conference - The Enterprise Computing Conference, EDOC 2019 31.10.2019 France
Patientenintegration durch Pfadsysteme. /4th International Conference 23.02. - Siegen,
on Wirtschaftsinformatik, WI 2019 27.02.2019 Germany
eHealth-platforms the case of Europe. Medical Informatics Europe 2018 24.04. - Gothenburg,
26.04.2018 Sweden
Modelling Ecosystems in Information Systems — A Typology Approach. 06.03. - Liineburg,
Multikonferenz Wirtschaftsinformatik, MKWI 2018 09.03.2018 Germany
Revise your eHealth Platform! — Design Principles for a Descriptive Case 10.08. - Boston, MA,
Study. Americas Conference on Information Systems, AMCIS 2017 12.08.2017 USA
Adaption von ISO 11354-2 zum Assessment von eHealth-Plattformen. 02.03. - Karlsruhe,
Workshop Modelling in Healthcare, Modellierung 2016 04.03.2016 Germany
Clinical Processes from Various Angles - Amplifying BPMN for Integ- 09.11. - Washington
rated Hospital Management. IEEE International Conference on Bioin- 12.11.2015 DC,
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Governance Guidelines for Digital Healthcare Ecosystems. eHealth Sum- 23.05. - Vienna,
mit Austria 2015 24.05.2015 Austria
Certification of Service-oriented eHealth Platforms - Derivation of Struc- 12.01. - Lisbon,
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ard fiir den Offentlichen Gesundheitsdienst im Rahmen der XOV- 29.09.2011 Germany
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B. Paper 1 - Governance Guidelines
for Digital Healthcare Ecosystems

Title Governance Guidelines for Digital Healthcare Ecosystems

Authors Martin Benedict (martin.benedict@tu-dresden.de)
Hannes Schlieter (hannes.schlieter@tu-dresden.de)

Publication D. Hayn, G. Schreier, E. Ammenwerth, A. Horbst (Eds.): eHealth 2015 -
Health Informatics Meets eHealth. Proceedings of eHealth 2015, Vienna,
Austria, June 18 - 19, 2015: 233 - 240.

Available at http://ebooks.iospress.nl/volumearticle/39727

Abstract

Advanced Information and Communication Technologies (ICT) solutions are the key in-
strument to enable modern integrated care. They are not limited the traditional boundaries.
Moreover, their aim is to provide medical care at the right point, in the right manner, at the
right time without technological, institutional boundaries or integration issues, esp. for co-
morbidity treatment cases. Open digital ecosystems enabled by eHealth platforms can help
to create a prospering eHealth environment. However, the creation of digital ecosystems
in the health care domain is an ambitious task. The conditions how an open system can
be achieved are often consented in complex projects, but they are not often scientific ques-
tioned. Conducting an action design research process, the paper contributes 13 guidelines
for implementing eHealth platforms by reflection of the work in an EU-funded infrastructure
project, which can be used as input for further research to provide generic guidelines for

eHealth ecosystem projects.
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Title Revise your eHealth Platform! — Design Principles for a Descriptive Case
Study

Authors Martin Benedict (martin.benedict@tu-dresden.de)
Hannes Schlieter (hannes.schlieter@tu-dresden.de)

Publication Proceedings of 23rd Americas Conference on Information Systems, AMCIS
2017, Boston, MA, USA, August 10-12, 2017.

Available at https://aisel.aisnet.org/amcis2017/Healthcare/
Presentations/28/

Full-Textat https://www.researchgate.net/publication/317342067_
Revise_your_eHealth_Platform_ -_Design_Principles_
for_a_Descriptive_Case_Study

Abstract

The innovation processes of Health IT are characterized by a high inertia regarding IT-
adoption. A major reason is the costly implementation of the IT infrastructure for new
IT-based care scenarios. Particularly for resident practitioners, the efforts are too cost- and
time-consuming. This results in a gap between the expected value of eHealth and the in-
tention to adopt ICT in the healthcare sector. A common model which allows an easier
allocation of ICT solutions is to create a platform for eHealth services. Beyond the technical
basis, platforms establish market functions for eHealth services. Their aim is to overcome
traditional monopolistic and isolated solutions by providing a component based service ar-
chitecture. However, for the healthcare sector, it remains unclear how these artifacts can
foster the creation of integrated care information systems. Addressing this gap, we present

design principles for platform construction by the mean of a descriptive case study.
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Abstract

In the healthcare sector, the adoption of modern IT technology tends to be very stagnant. The
difficult market situation for digital health solutions and the regulatory barriers are impedi-
ments which negatively influence the adoption of digital healthcare-solutions. Open eHealth
platforms provide a promising approach to overcome these adoption barriers. They can
provide a foundation for the creation of complementary products which are used to design
interorganisational information systems in the field of integrated care. The paper contrib-
utes by the description of a platform ecosystem model for the healthcare sector. It describes
how platform strategies can be utilized to gain improvements in the construction of interor-
ganisational information systems and describes requirements for the resulting platformised
business model. Based on a case example with two scenarios, the paper demonstrates how a

platform business model can be instantiated in the field of integrated care.
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Abstract

Ecosystems as a modern concept of interorganisational networks are often discussed in cur-
rent information systems research. There is a lot of investigation in the field of behaviouristic
information system research. However, when designing ecosystems there is not much guid-
ance and methodical support. In particular, modelling methods as a specific methodical
support for ecosystem design are rare. Based on a literature review, this paper introduces
specific types and characteristics of ecosystems. As a first step towards a comprehensive
modelling framework, we use these types to propose views for the modelling of ecosystems.
The framework organizes the modelling of ecosystems in three aspects: goal modelling,

ecosystem modelling and platform modelling.
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Abstract

Industrial Symbiosis describes cooperations between industrial actors to create economic
value from waste and to reduce its environmental impact. Although the advantages of such
cooperations have been demonstrated in research and practice through many case studies it
is not an established concept yet. The concept of Industrial Symbiosis is supported by the
development of information and communication technologies, which increasingly take the
form of online platforms, and help to mitigate information and social barriers. However,
most tools are not comprehensively documented, not accessible for new participants, not
operational or not used. Motivated by the potentials of platforms to provide support for the
emergence of Industrial Symbiosis and the number of unsuccessful platforms, we analyze
the relationships, roles and phases in Industrial Symbiosis against the background of the
current platform ecosystems theory. Based on these findings, we give a design guidance for
Industrial Symbiosis Platforms.
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Abstract

A major challenge for the implementation of modern healthcare delivery approaches is the
integration of digital technologies. In order to achieve an ease of this integration and to
foster the development of innovations in healthcare, digital ecosystems are being implemen-
ted. However, the conception and development of digital ecosystems is accompanied by
the dilemma that on the one hand a dynamic development of solutions should be promoted,
on the other hand a certain predictability of the ecosystem should be achieved. Unintended
effects that occur in the ecosystem need to be managed systematically. In this paper, the
Dresden Ecosystem Management Method is presented which addresses the conflict between
emergence and predictability. The method guides the design and management of digital eco-
systems and defines aspects for the formal modelling of the overall system. The method
presented has been applied to a case study in order to demonstrate its applicability by devel-
oping an eHealth platform for a virtual coaching solution in the field of domestic rehabilita-

tion.
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Abstract

Digital ecosystems offer a promising way for better integration of innovative digital solutions
into existing organizational networks and thereby foster the accessibility and reutilization of
innovative technologies. Yet, due to the participative nature of a platform design, dynamic
changes and unintentional effects might occur during the life cycle of the ecosystem. This
unpredictability leads to difficulties in planning and managing digital ecosystems, since eco-
system dynamics need to be considered during the development process. In this paper, an
Ecosystem Management Method is presented, providing guidance on the design and man-
agement of digital ecosystems. The method integrates modelling aspects and orders them in
a logical flow. It considers dynamic changes in the ecosystem at different design steps and
describe strategies to deal with these changes. The applicability of the method is demon-
strated with a case study concerning the development of an eHealth platform for domestic
rehabilitation. Thereby, the article demonstrates a useful artifact for the systematic develop-

ment and management of digital ecosystems.
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Introduction

Digital solutions for the healthcare sector are addressing different fields of innovation. Overcoming
geographical distances (e.g., by implementing telemedicine), the continuous, automated, non-invasive
monitoring of a patient’s general condition (e.g., by implementing contactless sensor systems), the
analytical interpretation of complex health data from patients’ domestic surroundings through artificial
intelligence as well as new forms of social interaction on the basis of modern information technology can
be mentioned as examples. Digital solutions facilitate innovative care concepts and the development of new
branches within the health economy. However, innovative developments need to be designed in due
consideration of the already existing technology landscape and have to be integrated into existing
infrastructures (Barrett et al. 2015). Therefore, platform-based approaches within digitization projects are
proposed and implemented to guarantee better access to existing solutions and to improve the reusability
of innovations. These platforms are supposed to provide basic functions and principles of communication
in a reusable manner as a basis for so-called “digital ecosystems” in which new solutions can be developed
(Chesbrough and Appleyard 2007; Gawer and Cusumano 2014). Although ecosystems successfully
proliferate in the industry and the consumer market, the setup of ecosystems in specific sectors of the
economy, like the healthcare sector, remains a challenge. Special regulatory, cultural and social conditions
of the participating actors of those sectors may lead to different intra-ecosystem behaviors than in the
ecosystems situated in the generic consumer market. For example, in the healthcare sector, the revenue
streams and the customer-provider relationships are quite different than in conventional market settings
(Furstenau and Auschra 2016).

Design principles of digital ecosystems for the healthcare sector have already been researched and described
within literature (Serbanati et al. 2011; Christensen et al. 2014; Benedict and Schlieter 2017). However,
questions remain about how platform owners can develop ecosystems systematically. In particular, when
considering the specifics of a definite domain like the healthcare sector, there is a gap for systematic
platform development methodologies. Our paper addresses this gap by asking how the modeling of digital
ecosystems (“ecosystem blueprint” by Tiwana et al. (2010)) based on sector-specific aspects could be
methodically guided. It addresses this issue by presenting and using a model-based management method
which supports the domain-specific construction of ecosystems and platforms. Therefore, the contribution
addresses the following research question (RQ):

RQ: How can domain-specific digital ecosystems be managed and developed systematically?

To answer this question, section 2 explains the role of digital ecosystems within the healthcare sector and
introduces the kernel theory that informs the construction of the management method. In section 3, we
explain the basic methodical setting, followed by a description of already existing design approaches in
section 4. Following this, the fifth chapter presents the Dresden Ecosystem Management Method
(DREEM). The development of this method follows a design-oriented research approach (March and Smith
1995; Peffers et al. 2007). Using a real-world case in the field of homecare rehabilitation, the method is
demonstrated in section 6. The final chapter concludes the construction and application of the DREEM,
shows practical implications and points out further perspectives for this research field.

Theoretical Foundation
Informing Kernel Theory

The consideration of complex organizational networks as ecosystems arose in the 1990th in the field of
organizational theory and management literature. Moore characterizes the term Business Ecosystems as
networks of companies, which extend their business competencies around a central innovation (Moore
1993). In the course of the development of digital innovation strategies, these networks have gained
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significant importance (Yoo et al. 2010). Within ecosystems, one or more central products are being
supplemented by additional products or services of other ecosystem participants. The relations between the
products and services are also being referred to as specific complementary relations, which require a higher
level of coordination than in generic markets but alower level than in supply chains (Jacobides et al. 2018).
Governance measures and controlling regulations are typically made for groups of actors. Platforms are
often representing the core of the digital ecosystem and, thereby, allowing this kind of coordination. The
topic of Platform Ecosystems is, in turn, intensively discussed within literature (Jacobides et al. 2018).
Platforms are the core products, which can be consumed by the end users (demand-side user). Third-party
providers (supply-side user) can establish complementary relations with the platforms to complement them
with own services and products (Eisenmann et al. 2008). For these types of digital ecosystems, it is essential
to implement a digital marketplace, where third-party providers and end users can get in touch with each
other (Ghazawneh and Henfridsson 2015).

Gawer (2014) has identified two main research perspectives on platforms: the engineering and the market
perspective. The market perspective focuses on the relationships and the dependencies between platform
providers, complementors and end users (e.g., Rochet and Tirole 2003). The engineering perspective
relates to the effects of the platform strategy, governance and architecture on the ecosystems (e.g., Baldwin
and Woodard 2008). These two views can be integrated by the dependency of the effects in ecosystems
(network effects: Burkard et al. 2012; co-creation: Ceccagnoli et al. 2012; co-evolution: Tiwana et al. 2010)
and the design of the platform. Regarding the design of platforms, a seminal model which describes the
dependencies between the economic environment, the platform design and the effects that occur in an
ecosystem is provided by Tiwana et al. (2010). Effects in ecosystems arise from the option potentials that a
platform provides (Baldwin and Woodard 2008). From this relationship, two solution spaces can be
described. The ecosystem solutions space and the platform solution space (Benedict 2018). The platform
solution space can be directly designed by the platform owner. The ecosystem solution space can only be
designed indirectly. The intended ecosystem design is influenced by the central value proposition and the
goals the platform owner defines for the ecosystem. This follows the ecosystem-as-a-structure perspective
of Adner (2017). The starting point is the ecosystem's value proposition. The participating roles result from
this value proposition and an alignment structure determines how these roles may interact (Adner 2017).
The alignment structure consists of different measures and constructs. For example, Schreieck et al. (2016)
name eight central concepts of design and governance of platforms: Roles, Pricing and Revenue sharing,
Boundary Resources, Openness, Control, Technical Design, Competitive Strategy, and Trust. These can
be seen as central parameters of the platforms solution space that influence the ecosystem solution space.
We argue that these concepts are also interdependent. For example, a decision in technological design leads
to different possible candidates for boundary resources. Methodical guidance can help to manage these
interdependencies.

Digital Ecosystems and their Implementation in the Healthcare Sector

The applicability of the platform approach in the healthcare sector (eHealth platforms) has been
demonstrated by Benedict and Schlieter (2017). They focus on the design of cross-institutional supply
networks. Open eHealth platforms build the basis for the technical and organizational networking of actors
within health networks and enable a simplified use of electronic services based on a common IT
infrastructure (following Hanseth and Lyytinen (2010)). The platform acts as a mediator between the
various parties involved. It includes not only the technical components but also governance rules defined
by the platform owner. These regulate how the platform components are to be used and how individual
partners can access them (Gawer and Cusumano 2014; Tiwana et al. 2010). This makes it easier for service
providers to integrate electronic services into their supply concepts since the platform provides the
necessary framework conditions (e.g., safety level, reimbursement mechanisms, adjusted pricing models).
By defining the terms of use, the platform owner can also influence the behavior and relationships of
ecosystem participants (Baldwin and Woodard 2008; Eisenmann et al. 2008; Tiwana et al. 2010).

The implementation of eHealth platforms should promote the modularization of eHealth solutions and
simplify the integration of existing systems (Benedict and Schlieter 2017). Components of a platform are
modules that interact with each other through well-defined interfaces (Baldwin and Woodard 2008). Unlike
traditional approaches in which interfaces between application systems are defined for specific applications
(e.g., the transmission of patient master data for patient admissions), the interfaces in digital platforms
offer a wider range of functions. One applicable standard is, for example, HL;7 FHIR (Health Level Seven -
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Fast Healthcare Interoperability Resources). It defines generic resources that can be flexibly combined
depending on the application (Bender and Sartipi 2013). This results in generic interfaces that allow a large
number of use cases. Baldwin and Woodard (2008) refer to this variability as option potentials.

Interfaces on which third-party vendors can build their solutions are also referred to as boundary resources.
However, these do not represent simple software interfaces but include all measures that enable third
parties to develop their solutions based on the platform (Ghazawneh and Henfridsson 2013). In addition to
application programming interfaces (APIs), these include supplementary technical components (e.g.,
software development kits), as well as so-called social boundary resources (e.g., tutorials, developer forums)
(Bianco et al. 2014). The design of boundary resources has a significant influence on the further
development capability and variability of digital ecosystems (Ghazawneh and Henfridsson 2013). Platform
initiators must develop and update the boundary resources systematically. The planning is part of the
platform strategy ("Resourcing” in Ghazawneh and Henfridsson (2011)), which cannot be predefined as a
continuous and completed strategy due to an unpredictable development. Instead, Ghazawneh and
Henfridsson (2011) propose micro-strategies as management measures to be introduced reactively and
situationally. For example, eHealth platforms may provide generic FHIR interfaces as well as a test server
that can be used by developers as boundary resources.

Method & Research Design

The purpose of our research is to construct a method guiding the creation of platform ecosystems.
According to Hevner et al (2019), we base the construction of our method on a set of informing theories
(see section “Informing Kernel Theories”) (Gregor and Hevner 2013). There is a broad range of descriptive
knowledge as platform theories are widely investigated and discussed (Jacobides et al. 2018; Nischak et al.
2017). Thus, they can ideally inform the design process of the envisaged method. Concerning the positioning
of the design process, the paper can be classified as an improvement (Gregor and Hevner 2013) aiming for
developing a new solution for known problems.

The design procedure follows the framework of Peffers et al. (2007). Within that, the method is informed
by the body of theories and thereby represents a generic artifact in terms of an operational principle (Gregor
and Hevner 2013). The evaluation is done in an exemplary use case from the healthcare sector. As depicted
in Figure 1 and also proposed by Hevner (2004), the design phase comprises several iterations continuously
evaluating the envisaged artifact during ongoing build cycles. The scope of the evaluation is to demonstrate
the applicability of the method in a real-world case and showing the feasibility of the artifact outlined in
principle (Venable et al. 2012). The method will be applied to an EU-funded project in the field of virtual
coaching for home care rehabilitation (VCP). By conducting a case-based demonstration, this method is
utilized to show the artifact’s feasibility to solve more problem instances (Prat et al. 2015). In the same
breath, the expository demonstration instantiates the design theory, underpinning the artifact’s consistency
with the design precepts (Gregor and Jones 2007). Using a case study, it can be observed how the method
is applied in a specific situation. Case studies provide the opportunity to apply existing theories to a specific
case and to demonstrate that a theory is appropriate (Yin 2003). Additionally, we use the design concepts
of Schreieck et al. (2016) to evaluate the ability of the method to create a comprehensive set of design
outputs in the platform solution space. This outlines whether the method is feasible to create ecosystem
blueprints.
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Figure 1. Research Design, adapted from Peffers et al. (2007)
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Design and Management of Ecosystems

The design and control of digital ecosystems require the clarification of various aspects such as the
determination of the value proposition as the basis of the ecosystem (Adner 2017) as well as corresponding
objectives, which are determined for both the ecosystem and the initiator of the ecosystem (Benedict 2018).
These objectives form a target system, which in turn determines the basic structure of the ecosystem with
regard to the actors involved and their roles, products, and services available as well as the associated
business models.

The complexity in digital ecosystems arises in particular from the intended emergence of the entire system
and its evolutionary development (Tiwana et al. 2010; Woodard and Clemons 2014). Concrete system
characteristics must be anticipated and actors can only be defined at the type level. The development
(dynamics of evolution) of digital ecosystems does not follow a deterministic path, which in turn must be
considered in the conception of digital ecosystems. For example, potential actors are described by role
models granting certain degrees of freedom in the course of platform design (Riedl et al. 2009; Schreieck
et al. 2016). The focus of the system conception is therefore on the prognosis of individual, intended
development paths. This is dedicated, for example, to the actors, the value-added approaches and possible
interactions (Ofe and Sandberg 2019).

A well-known approach for structuring complex systems is to focus on an overall system using defined
viewpoints that describe a partial aspect of the overall system (Finkelstein et al. 1992). The development
paths can end along with these views in concrete management measures for platforms. Christensen et al.
(2014) suggest, for example, the use of the architecture description standard ISO 42010 for the development
of a platform architecture. Benedict (2018) describes a framework according to which a platform-based
ecosystem is structured. The framework defines the following structural aspects: goal system, ecosystem
structure, and platform design (see Figure 2). A tuple of these aspects allows the description of development
paths of a platform-based ecosystem. However, the handling of management tasks and the dynamic further
development are not addressed yet.

Conceptual modeling has established itself as one of the central methods in the description and
development of information systems and is also applied to the description of digital ecosystems (Boucharas
et al. 2009; Yu and Deng 2011). Figure 2 already indicates the model system that can be formed for the
management of platform ecosystems (ecosystem model). It thus systematizes design aspects and the
necessary sub-models of digital ecosystems, whereas the methodological reduction in a management
process is still open (corresponding to Winter et al. (2009)). Regarding the necessary integration of method
and reference model, the development of digital ecosystems requires not only a conceptual definition of the
result dimension (ecosystem model) but also a description of the procedure for its creation and
management (management method) (Winter et al. 2009). Since ecosystems emerge both in the end
customer market and in specific industries, such a method should allow the analysis of different sectors and
support method users to apply the analyzed domain-specific concepts in the resulting ecosystem model.
The ecosystem model comprises the following aspects that need to be created by a management method.

In the context focus (Aspect 1 in Figure 2), the objectives of the overall system are disclosed and cataloged.
In this way, the platform owner records his own (entrepreneurial) goals and describes the intended
development goals for the entire ecosystem. The formulation of objectives also includes restrictions (view:
"Restrictions") that apply to the ecosystem and ultimately determine its degrees of freedom (e.g., laws or
company conventions).

In the ecosystem focus (Aspect 3 in Figure 2), the organizational aspects of the ecosystem are considered
first. Among other concepts, the actors involved and their relationships (value-added relationships,
cooperative or competitive behavior) are described. Additionally, connections to ecosystem objectives are
established which are operationalized in concrete roles and interactions.

Secondly, the view of the actual service provision, i.e. the products and services, is placed in the context of
business models. Thirdly, technical implementation and integration depend on the positioning of the
intended business models of the ecosystem and their product or service configuration. At the technological
level, it is described how the technical components are to be embedded in a larger system and what role
they play in it. In describing the technical infrastructure, the platform plays the role of the focal product
(Jacobides et al. 2018). The platform is viewed from a requirements point of view (external view).



H. PAPER 7 - GUIDING THE DEVELOPMENT OF DIGITAL ECOSYSTEMS 87

Guiding the Development of Digital Ecosystems

The platform focus (Aspect 2 in Figure 2) defines the platform architecture (Tiwana 2014) and the usage
rules (Baldwin and Woodard 2008; Tiwana 2014). The aspect thus represents the implementation of the
requirements of individual actors identified in Aspect 3. This aspect describes the internal view of the
platform. The boundary resources that are available to the actors in the ecosystem are part of the platform
architecture (Bianco et al. 2014). The definition of usage rules includes, for example, economic aspects such
as the design of price models for platform usage.

Although Figure 2 may suggest a certain invariability regarding the management of a platform-based
ecosystem, such a system is in a permanent process of change and adaptation. Conflicts arise due to
conflicting interests of the actors, which can have a negative impact on the entire ecosystem so that the
platform owner has to take countermeasures (Ofe and Sandberg 2019). This can be done, for example,
through the continuous adaptation of boundary resources and related governance rules. In doing so,
possible new business models must also be considered and the underlying technology stack must be adapted
to the current state of the art (Eaton et al. 2015).
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Figure 2. Ecosystem Management - Overview of design levels,
adapted from (Benedict 2018)

Ecosystem Management Method

In the following, the Dresden Ecosystem Management Method (DREEM) is defined. The initial design of
the method is based on the preliminary work on the design of platform ecosystems by Benedict et al. (2018)
and Schreieck et al. (2016). Figure 3 shows the entire management process including subtasks. The method
definition is based on evolutionary approaches from method engineering (Rossi et al. 2004). The process
covers the phases "ecosystem design”, "platform design" and "ecosystem monitoring", which correspond
to the ideal management cycle of platform ecosystems (black arrow). In the case of the emergence of
unintended effects (so-called tension situations like the occurrence of a conflict situation or the emergence
of unintended use models), the process also permits a direct rebound. In this case, a modification of the
platform or ecosystem design would take place, so that either the development area is expanded, or the
compliance with the development area is enforced. This decision is a management measure of the platform
owner.

Two different types of platform concepts are envisaged in this management process. A platform can be built
completely from scratch, as is often the case with eHealth platforms (e. g. Christensen et al. 2014).
Alternatively, platforms can also emerge from existing product landscapes (Saarikko 2016). These options
are indicated by two different starting points in the present process: Green-Field-Entry (starting at the
"greenfield") and Brown-Field-Entry (further development of an existing product system). The individual
steps will be documented in conceptual models (black boxes). These models are used in subsequent steps
to derive concepts based on them and need to be based on a common model repository which implements
meta-model integration. They are taken from the framework of Benedict (2018).
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Figure 3. Dresden Ecosystem Management Method (DREEM) for digital ecosystems

Ecosystem design phase: Table 1 justifies the several steps of the ecosystem design phase. In this phase,
the focus is on the conception of the intended ecosystem. The platform owner defines the general goals for
the ecosystem and can also integrate preexistent business goals (brownfield entry). Possible target areas
are financial targets, as well as own market-associated targets (market share, market expansion), but also
the development of external innovation capacities and the commitment of external developers to a product.
The creation of a product-related regulated market can also lead to platform projects. Potential platform
participants result from the goal definition (step 3). If an existing product is transferred to a platform,
existing business networks must be considered (brownfield entry). The modeling of the actor-individual
objectives (step 4) forms a basis for the description of the anticipated market behavior and thus for the
concrete design of promotional or restrictive measures to harmonize the target systems of the various actors.
The anticipation of market behavior (step 5) comprises the description of the resulting interdependencies
between the actors, their transactions, expected behavior and the resulting complementary relationships
among themselves and with the platform. The business models (resulting from step 6) are implemented by
describing socio-technical (sub)systems that implement product and service types (step 7). This can be done,
for example, by specifying the inter-organizational information systems that enable the defined market

relationships.
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2013)

business models on that basis.

Concept Informing | Justification Resulting
Theory Design Step
Core value (Adner Ecosystem construction should start by 1: Definition
proposition, 2017; questioning which value proposition leads the of Ecosystem
ecosystem goals Gawer and | ecosystem construction. The platform owner has to | Goals (and
Cusumano | define why he sets up an ecosystem. This may also | Internal
2014) be formulated as a vision for the platform. Goals of the
Platform
Owner)
Environmental (Boudreau | Ecosystems may target specific parts of the 2:
conditions and Hagiu | economy (different spatial orientation, societal Identification
2008; orientation, sectorial orientation) that have specific | of
Tiwana et regulations and conditions for value creation. The | Restrictions
al. 2010) explicit (public regulations) and the implicit
(societal and cultural conditions) restrictions have
to be considered when implementing an
ecosystem.
Classification of (Schreieck The identification and definition of roles in the 3: Definition
actors in the etal. 2016; | ecosystem help to identify the different sides of the | of Roles
ecosystem Eisenmann | platform and creates a foundation for further
et al. 2008; | analysis of relationships, of resulting network
Adner 2017; | effects, and of actor-individual goals.
Riedl et al.
2009)
Diversity of (Adner Ecosystems are created through decentralized 4: Definition
platform users 2017; decision making. The participation in platforms is | of goals for
and individual Bergvall- driven by different motivations of the individual the
goals Kareborn actors. Actors are autonomous entities in the individual
and ecosystem. Their participation in an ecosystem roles
Howcroft depends on how well they can achieve their own
2014; goals and how much they gain a specific amount of
Nambisan self-control.
and Baron
2013;
Peltoniemi
2006)
Variability in (Burkard et | The value creation in ecosystems may occur 5:
inter-actor al. 2012; cooperatively as well as competitively. The Anticipation
relationships and | Gawer platform owner has to identify intentions for value | of market
different value 2014; creation. Direct and indirect network effects need | behavior
creation Jacobides et | to be anticipated. Different non-generic
approaches al. 2018; relationships need to be identified to analyze how
Kapoor the value-co-creation and the market situation in
2018; the ecosystem are operationalized.
Peltoniemi
2006)
Operationalization | (Gawer The internalization of external market behavior is 6:
of value creation 20009; done by the supply side users by implementing Anticipation
Kapoor own business models. The platform owner has to of business
2018; anticipate the opportunities that emerge for the model
Nambisan actors to evaluate if they fit the value proposition scenarios
and Baron | of the platform and to create a context to allow new
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Integrating (Fedorowicz | The multilateral relationships between actors in 7:
services and et al. 2004; | the ecosystem and their usage of products and Specification
products and Hanseth services to implement these relationships need to of socio-
managing the and be managed. This management should be technical
integration Lyytinen supported by interorganizational information systems
2010; Rehm | systems. The platform owner can use this to
etal. 2017) | determine the role of the platform in these systems
and define how the platform supports the
integration of products and services provided by
the actors.

Table 1. Justification of Steps for the Ecosystem Design Phase

Platform design phase: The conception of the platform is based on the intended system design from
step 7 (see Table 2). The development of the platform architecture (step 8) must follow the principle of
modularization and layer formation since this is an essential prerequisite for opening up the platform to
third parties. Modularity enables variable recombination of the various platform components. The
specification of the platform architecture should be iterative in interaction with the conception of the overall
system (see step 7). It forms the transition point between the conception of the digital ecosystem and the
platform design. When redesigning a platform, fundamental technology decisions must also be made that
go hand in hand with a technology evaluation against the background of the intended technologies in the
ecosystem. The determination of the degree of openness (step 9) is based on the modularity of architecture
of the platform. This, in turn, determines which components form the stable generic components of the
platform and which can be integrated as complements. The definition of openness requires the definition
of how much technological sovereignty the platform owner wants to transfer to other actors in the digital
ecosystem. This does not have to be discrete, but can also be done dynamically. The degree of openness may
diverge for different roles within the digital ecosystem. It makes sense to define these roles based on the
role models. Openness is not determined solely by accessibility but is also influenced by transparent access
(perceived openness) (Benlian et al. 2015).

A major step in creating an open platform is the design of Boundary Resources (Step 10) (Ghazawneh and
Henfridsson 2013). Technical interfaces (e.g., APIs) as well as documenting materials and interaction
possibilities (social boundary resources) will be defined (Bianco et al. 2014). Building on this, it must be
determined under which conditions the platform is accessible and how the boundary resources may be used
(step 11). Three essential design features are relevant in this step: the distribution of decision-making rights
in the use of boundary resources, the formal and informal mechanisms of control, and the determination
of ownership and participation rights (Tiwana et al. 2010). Specific manifestations of these design features
are reflected, for example, in conditions of use, price models and the introduction of market restrictions
(Schreieck et al. 2016). In the course of the implementation (step 12), the conceptual platform architecture
and the associated boundary resources will be realized. At the organizational level, for example, the
fulfillment of necessary regulations in the context of distinct market situations (e.g., implementation in a
national healthcare market) is necessary. In order to be implemented, the operational integration of actors
must also take place to achieve the intended network and market effects and thus make the platform
attractive for other actors (Burkard et al. 2012; Furstenau and Auschra 2016).
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Concept Informing Justification Resulting
Theory Design Step
Developing the | (Baldwin and The platform owner has to define core 8: Specification
core of the Woodard 2008; | components that create the capabilities to of platform
ecosystem and | Gawer and implement complements. This also comprises architecture
define its inner | Cusumano both the specification of the basic components
structure. 2014; Tiwana et | as well as the definition of potential interfaces
al. 2010; Yoo et | for third-parties. The architecture is crucial for
al. 2010) the success of the ecosystem. The architecture
should be modular and stable to create a context
which provides the necessary flexibility and
continuity for innovation and variable products
and services.
Finding the (Benlian et al. Openness is not a binary state which is reached | 9: Definition of
right level of 2015; or not. Rather, it is a continuum that needs the degree of
participation Eisenmann et adequate leveling. The degree of openness can openness
for the al. 2008; be regulated differently for different platform
ecosystem Parker and users. The platform owner has to define how
actors. Alstyne 2008) | platform users can access the platform. The
degree of openness may diverge for different
roles within the digital ecosystem. Furthermore,
openness can address different aspects like
technological or organizational ones. It is also
important that these participants in the
ecosystem can perceive the degree of openness.
Provide (Bianco et al. The provision of resources enables third parties | 10: Concept for
capabilities to | 2014; to design their application and enables platform | boundary
access the Ghazawneh and | users to access the stable core of the platform. resources
platform. Henfridsson The design of adequate boundary resources is a
2013) strategic decision and should consider the needs
of the different user groups of the platform.
Define the (Hein et al. Governance aims to specify the level of how 11: Definition of
level of control | 2016; Parker decisions are made, and how much autonomy usage models
and regulate and Van and control is given to the platform users. Also, | and governance
the level of Alstyne 2014; ownership questions, pricing, and
autonomy. Schreieck et al. | documentation are crucial design parameters of
2016; Tiwana et | governance. The platform owner has to define
al. 2010) the right level of governance.
Distribute the | (Evans 2008; The concepts for platform architecture, as well 12:
platform in the | Parker and Van | as the governance regulations, have to be Implementation
market. Alstyne 2014) operationalized both in technological
implementations (technology, stack, Application
Programming Interfaces) and in organizational
constructs (contracts, support facilities). A
launch strategy is necessary which regulates
how the access of the initial users leads to the
intended ecosystem effects. Furthermore, the
platform has to be positioned in the market and
an initial seed of platform users (critical mass)
needs to be acquired.

Table 2. Justification of Steps for the Platform Design Phase
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Monitoring phase (see Table 3): During the life cycle of the ecosystem, conflicts can arise in the objectives
of individual ecosystem actors, leading to actors leaving the ecosystem. This can even endanger the
existence of the ecosystem. Therefore, the platform owner must introduce mechanisms to monitor the
success of the ecosystem and identify unintended developments. One example of such monitoring measures
could be rating systems. The identification of unintended dynamics should lead to a new platform
configuration. To this end, the platform owner may have to adjust the objectives or influence the observed
behavior of ecosystem participants through control measures. In the life cycle of ecosystems, business
models of platform users can also occur to develop such dominance and success that it is worth
incorporating these and the underlying technologies into the core of the platform.

Concept Informing | Justification Resulting
Theory Design Step
Observe positive (Eaton et al. | Ecosystems are designed to be emergent. Their | 13: Monitoring
and negative 2015; final structure cannot be anticipated or
dynamics and Ghazawneh | deterministically derived. Consequently, the
manage and management of ecosystems should allow
emergence. Henfridsson | reactions to positive or negative effects in the
2011,2013; | ecosystem. These effects must be identifiable.
Ofe and Therefore, monitoring of the ecosystem is
Sandberg necessary.
2019)

Table 3. Justification of the Monitoring Phase
Case Study on Virtual Coaching

Introducing the Case Study Context

VCP aims to establish a virtual coaching system that supports patients in implementing rehabilitation
measures in their home environment. For this purpose, the patient is provided with a virtual coach (tablet-
based avatar) with whom he/she can interact. This coach supports the patient in adhering to rehabilitation
plans, which are initialized as individualized clinical pathways by the service provider (Schlieter et al. 2017)
upon discharge into the home environment and are successively personalized based on analyzed action
patterns and vital data. For example, the intensity of the training program can be adjusted to suit the needs
of the patients and to prevent risk situations. The medical service provider receives information on therapy
adherence and can thus intervene in the rehabilitation process if necessary. Preferences and individual
behavior patterns are included in the rehabilitation plan as well. Serious Games are a major rehabilitative
measure and are part of the coaching triggered by the Virtual Coach in this regard.

The concept of VCP-as-a-Service (VCPaaS) opens the virtual coaching system to new participants, new use
cases and new therapeutic indications, letting VCP act as a platform for coaching services in general. The
existing services are intended to be designed as generic and reusable services. The implementation of the
coaching services and the realization of VCPaaS as an open platform should, above all, open up the
possibility for third-party providers to develop their solutions by using the functionalities of the virtual
coach or to extend them with new functions. For every module in the VCP system, an API calling the
authentication and authorization layer will be provided, where - based on the platform policies - access will
be granted. VCP acts as a content and knowledge provider as well as reasoner for third-party systems
providing data to and retrieving from VCP. By allowing third-party products to easily integrate with VCP
considerable value can be added to one’s product and the user’s experience can be improved.

Application of DREEM in VCP

In the following, the application of DREEM to the case study context will be used to demonstrate the design
process of the virtual coaching ecosystem. In the course of the case description, we also identify the resulting
design concepts according to Schreieck et al. (2016). Some partial aspects of the project have been selected
to demonstrate their documentation utilizing conceptual models and their correlated design. Figure 4
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illustrates the usage of different modeling languages in extracts for the case study context. These languages
are not mandatory, but can rather be chosen according to individual preferences or organizational

standards.
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Figure 4. Application of the ecosystem management method to VCP, abridged presentation

The target modeling language KAOS (Van Lamsweerde 2001) was used to model the target system (steps 1
and 2 of DREEM). From a technical perspective, the virtual coaching solution pursues medical goals such
as improving adherence to therapy plans and personalizing care to enable a self-determined life in old age.
From a socio-technical perspective, the aim is to use the solutions as easy as possible in care scenarios,
which is facilitated, for example, by the derived sub-objective "technical openness". Structuring the project
goals like this is beneficial for the identification of roles as a next step in the design process.

The modeling of roles and transactions (steps 3 to 5) is carried out using BPMN conversation diagrams
(Object Management Group 2011). In addition to the provider of the virtual coaching solution (the platform
owner), there are demand-side users who apply the solutions of the virtual coaching environment in the
medical context. For example, therapists specify the training plan of a patient. In doing so, they make use
of digital care solutions offered by supply-side users. These are manufacturers of smart devices, providers
of AAL solutions and developers of Serious Games. Their solutions are used in care networks to create a
product combination that supports the patient's rehabilitation. Thereby, step 3 generates the corresponding

design concept of Roles.

The integration of Serious Games into the VCP ecosystem is an example of distinct design measures: The
game manufacturers make Serious Games available to the patients (step 6). However, the games should not
be made available directly, but via the supply networks. The billing is made to the care providers and not to
the patients. The game manufacturer must consider the cost structures of the care networks and their
refinancing, for example through integrated supply contracts, and appropriate licensing models (e.g.,
PayPerPatient). The platform owner must anticipate potential revenue models on the part of the actors and
check whether these are compatible with the platform's business objectives. Elsewise, he or she must design
the platform in the subsequent steps (e.g., in step 11) in such a way that certain revenue models are
prevented. For example, patients should not bear any costs for the provision of the games. Step 6 addresses
the design concept of Pricing and Revenue Sharing.
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The Serious Games will be integrated as applications into the information system of home care. This forms
an inter-organizational information system (Fedorowicz et al. 2004) and also includes other application
systems, such as the specialist documentation systems of the participating care institutions. The
information system concept (step 7) must identify how the single products (Serious Game, other domestic
application systems, clinical application systems) interact with each other. The platform role is defined and
its components are formulated as services (external view). In order, for example, to transfer the results of
the game session to the clinical documentation systems, it is necessary to implement a communication
component (messaging service). This service should enable the communication of VCP subsystems across
all institutions. The Serious Game manufacturers can operate their back-ends in addition to the concrete
technical systems in the domestic environment (on-site) and these should achieve a certain degree of
security. So these can also be hosted within the platform infrastructure (server infrastructure). The
technical integration of training plans and medical documentation is in turn carried out via the Pathway
Service, which also organizes the assignment of Serious Games.

The platform components identified in step 7 are concretized in step 8 (inside view). In the case study, a
conventional system architecture based on UML was described introducing a layer model. Architecture
patterns for distributed systems were used (Buschmann 1996) as the basis for the necessary modularization
(Jacobides et al. 2018). For example, system interfaces for messaging and the necessary underlying
components were identified. The technical basis for system integration is realized by platform access via
Virtual Private Network (VPN). Since patients should also evaluate games, an application for evaluation is
foreseen as well. Hereby, the design concept of Technical Design is addressed, since the aspects of
modularity, interfaces, and compatibility are being covered.

Based on the architecture, the components accessible to Serious Game manufacturers (step 9) and the
realization of the accessibility will be defined (design of boundary resources - step 10). For example, the
messaging interface’s API includes both a messaging facade (Buschmann 1996) and a corresponding data
model. In order to simplify access to this API for Serious Game manufacturers, a Getting Started tutorial
with code examples and a Java library are offered. This library can integrate games directly. Serious Games
from the domestic IT infrastructure can communicate with and integrate into the VCP platform by
providing game developers with a VPN client. Alternatively, a hardware solution for the domestic
environment will be provided. Steps 9 and 10 of the management method address the design concepts of
Openness and Boundary Resources.

Step 11 defines the rules for the actors. Apart from the business behavior and pricing models, it is also
planned that the game manufacturers will have to undergo certification. Once the certification process
(audit) has been completed, the game manufacturer receives access information to the platform and is
included in the Serious Game Repository. This makes the game visible to patients in the evaluation portal.
This process is also represented in a business process model (not displayed in Figure 4), which systematizes
the necessary steps for platform access. Hereby, control mechanisms as required in the design concept of
Control are addressed. The design concept of Trust is also addressed by the certification. The
implementation of the platform (step 12) will initially take place in two clinical domains (neurological and
cardiological), each in two rehabilitation centers. After the end of the project, the product will be made
accessible to other clinics as well as to private individuals. In this first phase of implementation of the
platform, the collaboration between the platform users will be the best Competitive Strategy for the
establishment in the market. Competition can occur through different Serious Games.

The derived conceptual models can be used to derive monitoring measures (step 13) for the ecosystem’s
dynamics. For example, the Serious Games Rating Portal is a suitable instrument for evaluating the
perceived added value of the individual games both for the patient and for the medical service providers.
Thereby, the design concept of Trust is being implemented under the aspect of end-user — platform
relationship. In case of the acceptance of the games in the neurological but not in the cardiological field,
alternative service providers must be searched for and new roles (e.g., fitness tracking providers) need to
be identified (step 3). An alternative measure could also be to adjust the internal goals (step 1) by focusing
on the neurological domain and expanding the range of offered neurological games.
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Conclusion and Further Research

This paper addressed one of the challenges of dealing with the emergence in digital ecosystems (Woodard
and Clemons 2014). Due to the dynamic and volatile development paths of digital ecosystems, it is not
possible to fully anticipate the system that will emerge during the planning phase. Nevertheless, the
platform owner needs development and reliable planning of these systems. Based on existing kernel
theories, the DREEM method was proposed and applied based on a case study in the healthcare sector.

The DREEM method, consisting of a process model and the reference to specific modeling concepts,
supports product managers and developers in systematically developing and documenting their platform
approaches. It is a theory-based tool for the step-by-step development of a platform and its ecosystem. The
underlying model system provides indications of the necessary system elements to be considered in the
single design phases. Utilizing the model-oriented description, platform owners can formalize reactions to
undesired effects and associate them with triggering and affecting system components. Based on this,
appropriate measures can be derived systematically.

Using a case study from the field of home rehabilitation, it was shown how the DREEM method contributes
to the implementation of a platform ecosystem model in healthcare. Along with the individual design steps,
the developers were guided in the implementation of a virtual coaching solution as a platform. The focus
was on practical support for the definition of specific platform aspects such as the anticipation of business
models, roles involved, the target system and undesired effects. In the course of the case study, the
applicability of the DREEM method could be demonstrated in the context of a concrete domain. In the
course of the case example, the method can create the necessary design concepts of platform ecosystems.

At the same time, a limitation of the present contribution has to be named. The described case study is still
in a comparatively early phase of the ecosystem’s life cycle. Therefore, the dynamic development of the
intended management steps (especially monitoring) can currently only be understood as recommendations
whose effectiveness will have to be evaluated in the course of further research and which may have to be
adapted. An answer can only be given in the course of the further life cycle of the virtual coaching ecosystem.
The transferability to other domains must also be examined while its practical application. Therefore, the
authors call for applying the DREEM method in practice as well as in science in the context of different
domains.

Further perspectives for research result from the selection of adequate modeling languages. In this paper,
the modeling languages for the different steps were selected pragmatically and fit the VCP case. Currently,
for each case, it must be analyzed if a modeling language fits for a particular step in the method. A broader
ontological analysis of ecosystems and a mapping to the metamodels of possible modeling languages can
improve the method by providing a generic collection of usable modeling languages study. The design of an
integrated model system with a common metamodel must be considered in the course of further research.
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Abstract

The industrial internet of things facilitates the emergence of value co-creation networks and
inter-organizational resource sharing. Data-driven maintenance analytics (MA) benefits from
this evolution, as different players can interact with each other on emerged digital platforms
to pursue their individual interests while realizing mutual synergies. However, there is still a
lack of open ecosystems that allow flexible participation and new innovative business models
based on data-driven resource sharing and analytical capabilities. This is where we add to the
field with the overall research goal to derive prescriptive design knowledge that supports the
creation of such open MA ecosystems. Specifically, we start with the extraction of a concep-
tual role-relationship model to identify relevant actors and their pursued interests by drawing
on a multiple-case study. We describe the selected cases in detail and present preliminary

findings, followed by a discussion of the results and opportunities for future research.
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Short Paper

Introduction

The industrial internet of things (IIoT) covers a plethora of technologies to establish digitized manufactur-
ing facilities, where an important focus is on the integration of different manufacturing and service-provid-
ing companies in larger inter-firm networks (Boyes et al. 2018; Kiel et al. 2017). This involves information
as well as knowledge-sharing through digitized cross-institutional information systems (Lasi et al. 2014).
One area that could strongly benefit from this interconnected utilization of resources is the field of indus-
trial maintenance based on data-driven analytical capabilities, hereinafter referred to as ‘maintenance an-
alytics’ (MA) (Zschech 2018). Bringing together different actors, such as manufacturing and maintenance
operators as well as analytical service providers and data science innovators within an inter-firm network
could positively impact the way of their individual value-creation, which is hard to achieve in isolation
(Hausladen and Bechheim 2004; Kiel et al. 2017; Weking et al. 2018). However, the integration of these
players in a digitized environment is a complex task that comprises challenges at different layers from data
handling at equipment level to cross-organizational information system design and last but not least nego-
tiating multi-lateral value creation models. At this point, different types of digital platforms have emerged
in recent years that help to bundle functions of adjacent interests in a modular way to make them available
to different interacting target groups via suitable infrastructure components. Such platforms range from
traditional data and application integration platforms (e.g., Muller et al. 2008) to company-specific IIoT/
IoT platforms providing analytical capabilities across heterogenous participants of the same supply chain
network (e.g., Groger 2018) to industry-independent data science platforms offering the acquisition of ex-
ternal crowdsourcing-based data analysis expertise (e.g., Kaggle 2019). Nevertheless, current platforms in
the field of MA show several limitations. They are either restricted to static approaches with isolated narrow
functionalities, they refer to closed and proprietary networks or they primarily focus on purely technological
aspects. Furthermore, traditional platforms are still limited to business models for singular companies but
not enabling the negotiation of multi-lateral value creation models in the sense of platform ecosystems
(Gawer 2014). On this background, we observe a lack of guidance supporting the implementation of plat-
forms that may foster the emergence of such viable MA ecosystems to allow dynamic value co-creation
between actors and the evolution of new innovative business models based on data-driven resource sharing
and analytical capabilities. For this reason, the goal of our research is to provide a useful artifact that sup-
ports platform development and the creation of open MA ecosystems. In this particular paper, as part of a
bigger research project, we start with the proposal of a conceptual role-relationship model (RRM). Such an
RRM is intended to specify the different MA actors with their individual interests and interactions to each
other, which can be considered as a pivotal part in designing ecosystems (Schreieck et al. 2016). To carry
out the overall research process, we follow a design science research (DSR) approach (Gregor and Hevner
2013) and build on fundamental aspects of ecosystem theories (Nischak et al. 2017). For the derivation of
the RRM, we draw on a multiple-case study by examining cases of previously emerged platforms relevant
to the field. Even though they show the aforementioned limitations when viewed individually, they still refer
to essential properties, such as stakeholders involved or resources and capabilities to be shared. Following
this line of argumentation, the remaining paper is structured as follows: In the next section, we introduce
the background of MA and refer to related work in terms of existing platforms. We then outline the overall
research process and position the current research efforts. Subsequently, we describe the selected cases to
derive reusable platform models towards open MA ecosystems. On this basis, we present our preliminary
results focusing on the extraction of the RRM, followed by a discussion and an outlook for future research.

Background & Related Work

The maintenance function plays a crucial role in today’s industrial value creation as it helps manufacturing
companies to guarantee high reliability, human safety and low environmental risks (Muchiri et al. 2011).
Therefore, modern production environments increasingly focus on proactive strategies that implement
data-driven MA approaches to make efficient use of given resources and avoid redundant expenditures
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(Bousdekis et al. 2018; Elattar et al. 2016). The situation is favored by the ubiquitous use of advanced ICT
that simplifies the collection of large and multifaceted data, such as condition monitoring data, configura-
tion parameters, processing messages or error logs (Horn and Zschech 2019; Manyika et al. 2011). This can
be considered as an ideal starting point towards the realization of various benefits, including higher trans-
parency, a better understanding of technical processes for health assessment or the replacement of subjec-
tive decision-making (Zschech et al. 2019). Simultaneously, there is a broad set of analytical techniques
available originating from various converging disciplines, such as statistics or machine learning (ML) that
allow accessing the diversity of data from multiple perspectives (Kaisler et al. 2013; Manyika et al. 2011).
Depending on the problem to be solved and the data given at hand, the complexity of MA may range from
simple tasks, e.g., the summarization of univariate machine indicators, up to more sophisticated tasks, e.g.,
the identification of non-linear, high-level interactions between extensive sensor data and critical failure
events (Zschech 2018). The latter case, for example, can particularly be addressed with the help of ML al-
gorithms by extracting regularities from massive datasets to either detect and classify divergent system be-
havior at an early stage or to predict a machine’s remaining useful life in an anticipatory manner (Elattar et
al. 2016). However, “smart” algorithms alone do not automatically deliver valuable insights. It rather re-
quires a cross-disciplinary data science skillset which not only covers the expertise of machine operators
and maintenance professionals with their respective domain understanding but also includes further com-
petencies, such as know-how with different data structures, various analytical techniques and multiple data
analysis frameworks, programming languages and software tools (Mikalef et al. 2018; Schumann et al.
2016). In industrial practice, however, such fully equipped data scientists are often scarce, as they are in
high demand and their qualification process is a time-consuming endeavor (Huber et al. 2019).

On the one hand, this leads to a situation where the big data assets generated, represent a highly valuable
asset for multiple target groups that expect individual value creation opportunities from its utilization. This
includes, for example, manufacturers expecting to stabilize their production processes, equipment suppli-
ers trying to eliminate construction errors based on insights from their customers’ machine behavior under
real operating conditions or research institutions looking for real-world data samples instead of relying on
synthetic datasets to enhance modern data analysis methods (Bock et al. 2019; Zschech et al. 2019). On the
other hand, this joint data exploitation also requires further resources (i.e., technological components, data,
human experts) and capabilities (i.e., data science competencies, MA expertise). For this purpose, different
types of digital platforms have emerged in recent years that either provide technological infrastructure com-
ponents to enable and automate certain data lifecycle tasks or bring together different actors for resource
sharing and cooperation purposes. A first group to mention in this context is that of e-maintenance plat-
forms, which emerged almost a decade ago. They primarily aimed at the technical integration of mainte-
nance-related data from heterogeneous source systems and different application layers to present them in
a coherent view for the support of operational maintenance activities and strategic decision-making (Muller
et al. 2008). However, even though conceptual frameworks highlight the use of e-maintenance for inter-
organizational interaction relationships (Levrat et al. 2008), platforms, such as CASIP, PROTEUS or
TELMA (Muller et al. 2008), mainly stayed at an intra-organizational level and were not used for open
cooperation purposes. In the meantime, more advanced approaches have been developed under the um-
brella term IoT platforms. They are based on modern cloud computing technologies, where providers like
IBM, Microsoft or Bosch offer platform solutions with standardized services, e.g., for distributed databases,
data security, identity management or analytical solution development (Guth et al. 2018; Hodapp et al.
2019; Lade et al. 2017). Such platforms are also successfully applied in current manufacturing and mainte-
nance environments and enable data-driven innovations and new business models (e.g., Lade et al. 2017).
A prominent example of such a platform-enabled business model can be found in the case of KAESER,
where the company changed its market role from a pure equipment vendor to an innovative service operator
(Bock et al. 2019). Another prominent example is Bosch’s internal analytics platform, where data assets
from Bosch’s worldwide production network are gathered and analyzed to generate new business values
(Groger 2018). These representative cases demonstrate the high maturity of technological infrastructure
components and the opportunities to drive innovations by learning from inter-organizational networks.
Nevertheless, they are still limited to closed and proprietary networks and do not allow flexible alliances
between different participating actors within an open ecosystem. That open cooperation principles can be
promising though, is shown by data science collaboration platforms like Kaggle or crowdAl. Such
platforms offer an environment for companies to get their challenging data analysis problems solved by
external professionals, as well as for researchers and data science communities to enhance analytical meth-
ods based on real-world datasets (Kaggle 2019). On the downside, however, such platforms are limited to
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narrow functionalities with ex-post analytics support, as they are currently not intended to support opera-
tive maintenance processes in running environments, for example, by integrating data from distributed
machines at multiple sites into a coherent view to build a common health assessment model.

Research Agenda

Our research follows the DSR paradigm, as we aim to provide a purposeful artifact which supports scholars
and practitioners to create MA platforms and open ecosystems. According to Gregor and Hevner’s (2013)
knowledge contribution framework, we address the improvement quadrant and aim to contribute to the
design knowledge base by providing a conceptual RMM for MA ecosystems. We understand the RRM as a
partial design artifact, which can be integrated into an overarching MA ecosystem model, following the view
definitions for ecosystem modeling of Benedict (2018). The explication of DSR research agendas can be
differentiated into the research process and into research methods that instantiate the different steps of the
research process (Osterle et al. 2011). Defining a research process (see Figure 1), we follow the design sci-
ence process of Peffers et al. (2007). The problem identification (step 1) as well as the central design objec-
tive (step 2) have already been given and motivated in the introduction and the background section of this
paper. In order to operationalize the design objective, we use an inductive approach based on real-world
cases to create the RRM. The development of this model is part of a larger method for ecosystem modeling
(step 3), which consists of four different phases. The four phases are derived from two kernel theories:
Tiwana et al. (2010) and Adner (2017). We follow the ecosystem definition of Adner (2017) that an ecosys-
tem 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”. Following this definition, the first phase comprises the value
proposition and the central goals of the ecosystem. In this phase, also the specialties of the economic envi-
ronment (environmental fit) have to be considered (Tiwana et al. 2010). Based on the central value propo-
sition, in the second phase, the components of the ecosystems (i.e., roles and their relationships) are iden-
tified. Tiwana et al. (2010) define the platform design as the combination of architecture and governance
and state that these two design parameters influence the evolutionary effects. We extend this view by argu-
ing that the platform design generally is a central impact parameter for ecosystem dynamics. Consequently,
in the third phase, the role of the platform in the ecosystem, its architecture, and its governance is defined
(following Tiwana et al. 2010). In the fourth phase, the platform is implemented and monitored.

Step 1: Step 2: . X . X
- - Step 3: Step 4: Step 5: Step 6:
Problem Identification Define the Objective g " > h
and Research Motivation of the Solution Design Demonstration Evaluation Communication

Develop a Multi-Case-Study,

Need for Open MA Conceptual Derive Central Exemplary Applicaion o Caso Example
Ecosystems Model for Concepts Interview MA Expe

MA Ecosystems for MA Ecosystems

Further Publications

”
a
H]
g
e
&
=
£
]
P
@
3
&

‘me(hodlcal setting of design

- evaluation approach
Conception of an Open MA Ecosystem

informs

Phase 1 Phase 2 Phase 3 Phase 4

Define Value Proposition
and Goals

‘ Identify Ecosystem ‘
[

i

I
‘ methodical setting for partial artifact creation

Implement Platform

Architecture and Monitor Ecosystem

and Governance

‘ Define Platform ‘

>

Creation of a Role-Relationship Model for MA Ecosystems

Case Identification Identify Actors in Cases Typecasting of MA Actors Map to Generic
Ecosystem Roles

Figure 1. Methodical Outline (Adapted from Peffers et al. 2007)

In this paper, we are concerned with phases 1 and 2. While the central value proposition that guides the
second phase was already explained in the introduction, the remaining focus is on the definition of roles
and relationships as part of the ecosystem modeling according to Benedict (2018). He considers the plat-
form and the ecosystem as two separate solution spaces, where the platform solution space can be designed
directly while the ecosystem design can only be influenced by measures implemented in the platform de-
sign. The solution spaces are aimed to be designed by the platform owner. Additionally, Benedict’s (2018)
framework describe views for modeling ecosystems following the idea of multi-perspective modeling ap-
proaches (Frank 2002). The intended ecosystem design is influenced by the goals and restrictions that the
platform owner defines. This conforms with the ecosystem-as-a-structure perspective of Adner (2017), who
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proposes the description of strategies for the different ecosystem participants (Adner 2017). Role modeling
is central to ecosystem design (Schreieck et al. 2016). A popular generic role model for platforms/ecosys-
tems is the role model of Eisenmann et al. (2008), which distinguishes between platform sponsor, platform
provider, supply-side user, and demand-side user. We applied this role model as an orientation to identify
corresponding domain-specific roles of MA ecosystems based on a multiple-case study.

Selection of Cases

For the identification of MA ecosystem roles, as well as further aspects of subsequent ecosystem modeling
steps (Benedict 2018), we relied on the investigation of multiple real-world cases where digital platforms
were developed and used to support data-driven analytical maintenance. For this purpose, we screened the
different streams of emerged platforms relevant to the field (i.e., e-maintenance, IoT, data science collabo-
ration, cf. Section 2) and followed the principles of Yin (2014) to select appropriate cases. In particular, we
aimed for choosing cases that shared common properties (e.g., relevance for MA, multiple actors involved,
comprehensive documentation) while simultaneously differed from each other to obtain the required vari-
ance (e.g., platform function, platform scope, interaction types between actors). On this basis, we selected
a total of four different cases with representative platforms, which we describe in the following more thor-
oughly for a better understanding. Moreover, we summarize their key characteristics in Table 1.

PROTEUS/TELMA. PROTEUS and TELMA are both representative and well-documented examples of
e-maintenance platforms (Muller et al. 2008). PROTEUS is the result of an ITEA project (IT for European
Advancement) that aimed at the vertical integration of existent applications and tools dedicated to mainte-
nance-related activities. The integration is based on the cooperative and orchestrated execution of distrib-
uted processes via web services with the principal objective to move from co-existence of individual appli-
cations to their interoperability and cooperation within the same environment (Bangemann et al. 2006).
TELMA, on the other hand, was developed for research and education purposes. Based on a laboratory
scenario considering a physical process for unwinding metal strip, the platform demonstrates the feasibility
of integrating, transforming and enriching data at different application levels to support maintenance pro-
cesses such as monitoring, health assessment, prognosis and decision making (Levrat and Tung 2007).

KAESER. KAESER is a leading manufacturer of compressed air systems and services with worldwide op-
erations in more than 140 countries. While KAESER’s traditional focus was exclusively on selling tailored
equipment to customers from a wide range of industries, it recently started to expand its market offerings
by a new service-based operator model. In this model, customers no longer buy a physical product but in-
stead pay a usage-based service fee for supplying them with compressed air. This also implies that KAESER
has to perform all maintenance-related services, as it remains the owner of the physical equipment, which
is still located at the customer’s site. The technical driver of this non-ownership model is a digital platform
that collects usage data from the customers via modern digital metering technology. This allows KAESER
to better analyze and predict maintenance intervals and failure risks to increase their products’ availability,
operational lifetime and profitability (Bock et al. 2019).

BOSCH. Bosch is a global supplier of technology and services for automotive/mobility solutions, industrial
technology, energy and building technology, and consumer goods. Bosch’s manufacturing network consists
of more than 270 factories across Europe, America and Pacific Asia that is responsible for manufacturing a
variety of products ranging from sensors, electrical drives and battery systems to solar thermal systems and
power tools. To guarantee global competitiveness, productivity, and agility, the company built a standard-
ized Bosch-internal “Industry 4.0 Analytics Platform”. The platform aims at enabling data-driven manufac-
turing capabilities by exploiting huge amounts of data and generating integrated insights from a broad va-
riety of data sources across heterogeneous manufacturing processes, diverse technical machines and mul-
tifaceted information systems within Bosch’s worldwide manufacturing network (Groger 2018).

KAGGLE. Kaggle is an open, cross-sectoral data science community for users interested in modern data
analysis tools. For this purpose, Kaggle provides a platform for related services, such as sharing public da-
tasets and education material, hosting workbenches to view developed code snippets (called “kernels”), of-
fering forums for topic-related discussions or listing job vacancies. The platform’s primary service, however,
is to organize public crowdsourcing-based competitions, where participating companies are able to post
their challenging data science problems expressed via representative data samples and a concrete problem
description. The community can then compete against each other to produce the best solution approaches.
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Results are shared publicly to achieve transparent benchmarks and inspire novel ideas. After the competi-
tion’s deadline, the best performing solutions are rewarded, for example, with prize money paid by the
problem providing company. Since its launch of the first competition in 2010, Kaggle attracted more than
1 million users, which were actively involved in submitting and sharing more than 4 million solutions, over
170,000 posts, over 250,000 kernels and more than 1,000 datasets (Kaggle 2019).

Case PROTEUS/TELMA KAESER BOSCH KAGGLE
Technical integration of mainte- | Service-based operator model | Standardized data integration Crowdsourcing-based data
Platform . . . N B A "
N nance-related data objects, and non-ownership of equip- and analytics capabilities for science competitions for
Function P . . . . R
applications and processes ment to improve maintenance | entire manufacturing network | external knowledge acquisition
Scope Intra-organizational level Internal customer network Internal supply chain Cross-sectoral community
Key Ref- Hausladen and Bechheim "
erences (2004), Tung et al. (2000) Bock et al. (2019) Groger (2018) Kaggle (2019)

Table 1. Summary of Cases for Representative Platforms in the Field of MA
Preliminary Results

When investigating the cases, we identified a broad set of interacting groups, as summarized in Table 2.
The results demonstrate the variety of actors involved with their individual functions and interests, ranging
from manufacturing and maintenance stakeholders to data science professionals and technology vendors.
Based on these findings, it was then possible to derive a conceptual RRM, consisting of seven generic roles
with their respective relationships as expected within an open MA ecosystem according to the role model
of Eisenmann et al. (2008). In the following, we describe each role in more detail, refer to their ecosystem
position and outline a few selected relationships between them. Moreover, we summarize the RRM in Table
3, using an adjacency matrix as a visual representation to depict important relationships.

Case Actors

Production personnel (e.g., machine operator, production manager, quality manager), maintenance personnel (e.g., maintenance oper-
PROTEUS/ . : . . . .
TELMA ator, maintenance area manager, method engineer), equipment supplier (e.g., machine manufacturer, sub-contractor, vendor), infor-
mation system provider (e.g., for ERP, MES, SCADA), platform developer & operator

Equipment manufacturer/supplier (e.g., technical engineer), machine service consumer/ customer, business/maintenance service op-
KAESER erator (e.g., sales agent, service order manager, maintenance service technician, data analyst, logistic service provider), platform tech-
nology provider (e.g., for data loggers, network technology, control devices, databases)

manufacturing personnel (e.g., process engineer, manufacturing expert), analytical result consumer (e.g., business user), analytical

BOSCH result producer (e.g., data science expert), technology provider (e.g. for databases, analytical tools), platform provider & operator

KAGGLE Competition hosts/dataset providers, competitors/solution providers (e.g., data science professionals, researchers), platform provider

Table 2. Identified Actors of Interest

Machine user. The first role refers to actors who actually make use of technical machines and equipment
to support or carry out their individual industrial operations. They can be considered as the primary de-
mand-side users within an MA ecosystem as they aim to improve their operation’s reliability, productivity,
etc. based on data-driven insights that are derived from their generated data and analytical solutions pro-
vided by data routine analysts and data analysis innovators. However, this role may also act as a supply-
side user, e.g., by selling or providing data for equipment suppliers to gain insights into machinery behavior
under real operating conditions, for data analysis innovators to enhance existing data analysis methods, or
for other machine users to enrich and supplement their datasets for additional insights.

Maintenance operator. The role of maintenance operators is in charge to support and carry out all
maintenance-related activities. As such, they also act as demand-side users that benefit from data-driven
analytical solutions developed and provided by data routine analysts and data analysis innovators. Moreo-
ver, they can also provide supplementary maintenance data to enrich data collections for further insights
or they serve with their respective experiences and know-how as experts for knowledge transfer.

Machine supplier. The role of machine suppliers describes actors that are concerned with the design,
manufacture, and supply of machines and equipment for the industrial purposes of their customers, i.e.,
the machine users. The strategic collection and exploitation of their customers' data enable them to improve
their products or to offer new additional services for competitive advantages, which also positions them as
potential demand-side users. However, similar to the role of the machine users, it is also conceivable that
they sell or provide data assets to other actors from a supply-side perspective.
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Data routine analyst. The role of data routine analysts serves as an important supply-side user as they
are considered to be the actors with the required data science skills providing analytical solutions to ma-
chine users, maintenance operators and/or machine suppliers based on the respective data collections.

Data analysis innovator. Similar to the previous group, the role of data analysis innovators acts as an
important supply-side user to provide analytical solutions for the different actors. The crucial difference,
however, is that data routine analysts apply established approaches for solving known problems in the sense
of routine tasks, while data analysis innovators seek to advance the field by applying novel approaches to
known problems or by addressing new challenges. Thus, the role primarily consists of researchers and in-
trinsically-motivated data science pioneers that are expected to show different motives and incentives for a
participation. For this reason, they can also be positioned as demand-side users with a high interest in
available datasets reflecting real-world properties to enhance existing data analysis methods.

Platform provider. The role of the platform provider in its domain-independent function offers the dig-
ital environment with all required platform-related infrastructure components to connect the different eco-
system actors with their individual interests in the intended manner.

Technology provider. The last role refers to another group of supply-side users that provide different
types of enabling technology to the remaining actors so that they can obtain all necessary technological
components needed for full-featured participation within the ecosystem. This may include, e.g., sensors,
network technology, databases, middleware or specific application systems for primary demand-side users
to handle their data assets, but also data analysis technology for supply-side users to support solution de-
velopment. Moreover, this role benefits from the ecosystem by receiving domain-specific requirements and
feedback from their customers and partners to further improve their market offerings and stay competitive.

to Machine Maintenance Machine Data routine | Data analysis Platform Technology
from user operator supplier analyst innovator provider provider
. Data for Data for Data for Data for Domain
Machine Data as . . . . .
maintenance product/service solution method Customership requirements/
user supplement .
support improvement development enhancement feedback
Maintenance Maintenance . Knowledge Supplementary Supplementary . DAomaln
aTEaE support Partnership transfe maintenance maintenance Customership requirements/
P upp g data data feedback
a Improved Data for Data for Domain
rlac};;:;l: products/ Kﬁ(;vglsigfe Partnership solution method Customership requirements/
pp services development enhancement feedback
D q Solution for Solution for Solution for Complementary | Data analysis
ata routine . . . . . . .
industrial opera- | maintenance product/service Partnership Partnership analytics demands/
analyst . 4
tion support support support services feedback
. Solution for Solution for Solution for Complementary Innovation
Data analysis | . . . . Knowledge . .
5 industrial opera- | maintenance product/service Partnership analytics ser- demands/
innovator . transfer . .
tion support support support vice/Innovation feedback
Platform Platform for an- | Platform for an- | Platform for an- Platform for Platform for Platform for
3 alytical solution | alytical solution | alytical solution solution knowledge Partnership technology
provider . . . - NN
consumption consumption consumption delivery transfer distribution
Technolo Enabling Enabling Enabling Enabling Enabling Platform-
iy 2y technology for technology for technology for technology for technology for integrated Partnership
P data handling data handling data handling data analytics data analytics technology

Table 3. Conceptual Role-Relationship Model for Maintenance Analytics Ecosystems

Discussion & Future Research

Roles and relationships are crucial for the design of ecosystems as they describe their pivotal components
(Schreieck et al. 2016). Therefore, our preliminary results with the proposed RRM provide a valuable basis
for researchers and practitioners. One the one hand, it offers an overview to capture the different MA actors
involved with their individual interests, functions and interaction relations. On the other hand, it helps to
better understand and actively leverage the resulting synergy effects and opportunities for multi-lateral
value creation. Thus, platform providers can use the results to consider elements that go beyond technolog-
ical aspects, for example, to design governmental structures, such as role-specific rules and policies (Groger
2018). Similarly, the results help to deliver new business model innovations, which have not evolved in the
industry so far. This may include, for example, an open market place for trading data assets generated in
industrial processes, where different participants can procure these resources for their individual interests.
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IS scholars, on the other hand, can use the results to examine further platform-related issues, such as in-
centives and barriers that encourage or hamper individual roles to participate in open MA ecosystems.

Our findings are also subject to some limitations. First, the current results cannot be considered as fully
exhaustive - especially with regard to the depicted relationships, as we only outlined higher prioritized ex-
change relationships while neglecting others, such as financial flows or secondary demand and supply-side
relations. Thus, it is intended in future research to provide a more diffused and comprehensive presentation
of all relationships. Second, despite the selection of four representative cases, the findings are still based on
a small sample size, which is a general disadvantage of qualitative research. Nonetheless, more case studies
are planned to either confirm the results or possibly identify further roles and relationships. Third, we
acknowledge that some ecosystem scenarios (e.g., marketplaces for industrial data trading) appear some-
what illusionary, as we currently completely disregarded critical factors like data quality, integrity, security
or sovereignty. Nonetheless, we are confident that such factors do not automatically mean to sacrifice th
synergy effects of MA ecosystems. It is rather the responsibility of IS scholars and practitioners to develop
suitable solutions to cope with such hurdles while ensuring all benefits for the participating ecosystem roles.

In future research, we will draw on the obtained findings and continue with the next steps as outlined in
the research agenda (see Figure 1). In particular, the RRM forms the foundation for a conceptual design of
a platform’s architecture and governance model. Based on the relationships, it is possible, for example, to
derive products and services as well as rules for cross-organizational cooperation. The design of the tech-
nical platform architecture is guided by the type of digital technology provided by the platform provider
and the supply-side users, where a more detailed investigation is planned to determine the types and diver-
sity of required technologies. Moreover, a thorough evaluation of the overall results is planned, consisting
of demonstrative applications to case examples and interviews with experienced MA experts.
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Abstract

The use of information and communication technology in healthcare, so called eHealth
technologies, promises to improve the provision of healthcare services in terms of efficiency
and quality. However, the perpetuation of these technologies in the field of inter-sectoral
care stays behind this promise. Projects did not reach a sufficient maturity to be translated
into routine care. One reason is the lack of a sustainable infrastructural foundation for the
creation of digitized healthcare business models. eHealth platforms and surrounding ecosys-
tems can provide such infrastructural foundation. Addressing this gap, the paper questions
the dimensions of eHealth sustainability and proposes the implementation of digital eco-
systems as measure for business model perpetuation. The paper contributes by providing a
framework for the evaluation open platforms in healthcare and proposes objectives and cri-
teria as well as evaluation measures for technological, logical and organisational aspects of

platform openness.
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Abstract

Open software platforms are a recent innovation in the healthcare sector to foster integrated
care scenarios. An important quality feature to facilitate innovation and to create an active
platform ecosystem is openness. The openness is strongly influenced by the interoperability
potential of the platforms. Hence, the assessment of the interoperability potential is a crucial
task for evaluating the quality of platforms. However, there is a need for methodological
support fostering the evaluation of eHealth platforms. Based on a design science research
approach, the article shows, how the Maturity Model for Enterprise Interoperability (ISO
11353-2) can be instantiated in the healthcare domain. We describe a quantitative evaluation
model which operationalizes the evaluation process of eHealth platforms. The contribution
purposes to improve the transparency and reliability of the evaluation process. Furthermore,
the introduced approach reduces the dependence on an evaluation team and facilitates the

implementation of assessments.



