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Abstract:

Digitalisation and increasing competitive pressure drive original equipment manufacturers
(OEMs) to switch their focus towards the provision of digital services and open-up towards
increased collaboration and customer integration. This shift implies a significant
transformational change from product to product-service providers, where OEMs realign
themselves within strategic, business and procedural dimensions.

Thus, OEMs must manage digital transformation (DT) processes in order to stay competitive
and remain adaptable to changing customer demands. However, OEMs aspiring to become
participants or leaders in their domain, struggle to initiate activities as there is a lack of
applicable instruments that can guide and support them during this process. Compared to the
practical importance of DT, empirical studies are not comprehensive.

This study proposes three artefacts, validated within case companies that intend to support
automotive OEMs in digital service provisioning. Artefact one, a layered conceptual model
for a digital automotive ecosystem, was developed by means of 26 expert interviews. It can
serve as a useful instrument for decision makers to strategically plan and outline digital
ecosystems. Artefact two is a conceptual reference framework for automotive service
systems. The artefact was developed based on an extensive literature review, and the
mapping of the business model canvas to the service system domain. The artefact intends to
assist OEMs in the efficient conception of digital services under consideration of relevant
stakeholders and the necessary infrastructures. Finally, artefact three proposes a
methodology by which to transform software readiness assessment processes to fit into the
agile software development approach with consideration of the existing operational
infrastructure.

Overall, the findings contribute to the empirical body of knowledge about the digital
transformation of manufacturing industries. The results suggest value creation for digital
automotive services occurs in networks among interdependent stakeholders in which
customers play an integral role during the services’ life-cycle. The findings further indicate
the artefacts as being useful instruments, however, success is dependent on the integration

and collaboration of all contributing departments.
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Introduction 1

1 Introduction

This chapter motivates the topic and relevance of the thesis, stating the problem and
describing the resulting research questions. Furthermore, the applied research framework is
elaborated upon, comprising the objective, the developed research questions and the
methodology. Finally, the chapter concludes with the scientific and practical contributions

of this cumulative dissertation.

1.1 Motivation and Problem Statement

Industries proceed through life cycles as they mature. Novel technologies and alternating
competitive environments pressure incumbents to react to changes by updating and
enhancing their business operations. Companies that fail to do so are at risk of being forced
out of the market and replaced by competitors that are “quicker or more efficient in bringing
significant innovations to market” (Klepper, 1997, p. 164). Digitalisation has proven difficult
for many organisations as prevalent business areas seem to be developing at breakneck
speeds (Piccinini, Hanelt, Gregory, & Kolbe, 2015). Digitalisation changes the way in which
value is created, potentially disrupting an organisation’s prevalent business models (BMs)
(Ramaswamy & Ozcan, 2018). As start-ups and information technology (IT) companies
occupy digital markets and compete for customer data, the competitive pressure on
incumbent firms increases (Riasanow, Galic, & Bohm, 2017). The dynamics of many
industries have already been fundamentally altered, such as in finance, commerce and
telecommunications, with the manufacturing industry expected to follow as physical
products increase in connectivity (Cozzolino & Rothaermel, 2018).

The dissemination of IT implies a large increase in digital services for manufactured goods
(Vendrell-Herrero, Bustinza, Parry, & Georgantzis, 2016). Manufacturing firms have
digitally servitized their portfolio, shifting from selling products to product-service solutions
driven by financial, strategic and marketing aspects (Baines, Lightfoot, Benedettini, & Kay,
2009). This paradigm shift from goods-dominant logic (GDL) to service-dominant-logic
(SDL) is reinforced by the penetration and diffusion of IT throughout manufacturing
industries (Lusch & Vargo, 2014). Digitalised, physical products generate a large amount of
data about their own state or the environment, of which they can exchange with each other
or to third parties. Novel insights on how these products are used and the way they are
consumed becomes accessible when the generated and processed data is utilised and

enriched, promoting the development of innovative services (Pillmann, Wietfeld, Zarcula,
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Raugust, & Alonso, 2017). Therefore, original equipment manufacturers (OEMs) no longer
compete exclusively with physical goods, but also on the digital service level.

However, creating digital services alone is not a guarantee for economic success as altering
an organisation’s business activities also entails a transformational path (Gaiardelli,
Martinez, & Cavalieri, 2015). To stay competitive, incumbents must manage digital
transformation (DT) processes and implement digital technologies into their value creation
and supporting operation activities (Gimpel & Roglinger, 2015). They must open up to
collaboration and partnerships as the provision of digital services leads to an environment of
interconnected stakeholders (Weill & Woerner, 2015). Accordingly, manufacturers need to
consider how to involve various stakeholders into their value creation processes
(Ramaswamy & Ozcan, 2018).

One of the most prominent manufacturing industries affected by DT, is the automotive
industry. Its primary product, the vehicle, is no longer regarded as an isolated tangible good,
but as an object that integrates different stakeholders, devices, functions, and data into
coherent systems of value co-creation (Svahn, Mathiassen, Lindgren, & Kane, 2017).
Technological advancements have resulted in vehicles being increasingly equipped with
sensors and smart electronics, converting them into mobile Internet-of-Things (IoT) devices
(Coughlin, 2016). Modern vehicles can generate up to 25 GB of data per hour (Statista Inc.,
2017). These data streams and new technologies offer the potential to create innovative
services whose ultimate objective is to provide safer and more convenient mobility solutions
as well as to make more efficient use of logistical resources, especially in urban areas (Olia,
Abdelgawad, Abdulhai, & Razavi, 2016). If proper analytics are set up and the generated
data is utilised with the right intentions, customer data insights can indicate to OEMs how
their products are used, feeding their digital service development processes. OEMs push
these developments not only because of their intrinsic motivation to generate new income
sources, but also because of changing customer demands (Firnkorn & Miiller, 2012) and the
external pressures created by the market entry of new competitors, such as UBER and DHL’s
StreetScooter (Chanias & Hess, 2016). Market operators drive the development of digitally
enabled innovations (Hildebrandt, Hanelt, Firk, & Kolbe, 2015) that offer great potentials
such as reducing environmental, health, urban and social problems, as shown in Figure 1

(World Economic Forum, 2016).



Introduction 3

Reduction of pollution and
environmental impact

Increased
driving safety

Mobility
services

Potentials

Democratization
of mobility

Productivity
gains

Reduction
of economic costs

Figure 1: Potentials of digitalised vehicles and services

Gradually, vehicles have become product-service offerings that provide usage-based value
(Schiéfer, Jud, & Mikusz, 2015) with additional ancillary values (Heinrichs, Hoffmann, &
Reuter, 2012). OEMs have placed a greater focus on the design and provision of digitally
enabled services for which vehicles are the carriers, such as shared vehicle usage (Kessler &
Buck, 2017), connected services (Kaiser, Stocker, & Viscusi, 2017), and autonomous and
platform services (Yang, Ozbay, & Ban, 2017). Prominent examples are Car2Go by Daimler
(Daimler AG, 2018), the alliance on navigational services with regard to the /ere project of
BMW, Audi and Daimler (HERE Global B.V. 2015), the energy solution initiatives of BYD
(Shead, 2018), and the recently introduced RI/O platform (MAN Truck & Bus AG, 2017)
that allows arbitrary systems, such as telematics or tracking and tracing systems, to connect
and execute their functions.

In this context, mutual interactions gain in importance as customers, partners and other
stakeholders converge towards one another (Paulus-Rohmer, Schatton, & Bauernhansl,
2016), as seen with Apple and their achievements in integrating digital services and
partnerships to leverage themselves in a commoditised hardware market. DT drives the shift
from bilateral, interdependent relations within value chains towards a platform approach that
can handle different types of relations and third-party content integration. Organizations are

in the process of, or have already developed, digital platforms (DPs) (Schweiger, Nagel,
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Bohm, & Kremar, 2016) around which they ultimately intend to establish digital ecosystems
(DEs) (Bilgeri, Wortmann, & Fleisch, 2017). Network leadership is seen to be “a key to
driving innovation and points to the critical importance of” (Dodourova & Bevis, 2014, p.
268) managing intellectual property and an infrastructure of supportive stakeholders, such
as intermediaries and suppliers.

DT affects an organisation’s strategy (Henriette, Feki, & Boughzala, 2016) and leads to a
strategic realignment that significantly modifies and expands an OEM’s skill set that has
been built around a product-centric point of view, focusing on the quality and feature
advancement of manufactured goods (Firnkorn & Miiller, 2012). Now, OEMs need to build
up IT capabilities (Wallin, 2013), digital service competencies (Pagoropoulos, Maier, &
McAloone, 2017) and incorporate new ways of collaboration in their value creation
processes (Matthies et al., 2016). In addition, the extension of product-focused business
activities with digital service are changing many manufacturers’ value propositions, creating
the demand for an increased customer-centred perspective (Vendrell-Herrero et al., 2016).
Therein, customers are not mere consumers of products and services, but play a pivotal
participatory role in the digital value creation process (Kowalkowski, Gebauer, Kamp, &
Parry, 2017; Lusch & Vargo, 2014; Ramaswamy & Chopra, 2014). As Henriette et al. (2016,
p. 3) put it: “The digital transformation places users at the heart of corporate strategy.”

To strategically realign a company and drive digital service development forward,
operational processes must respectively be adapted and implemented so that digital services
can be developed quickly in the necessary quality within the apt methodology. As digital
products and services become more customised and fragmented into smaller features
(Olsson, Alahyari, & Bosch, 2012), the development methodologies software projects utilise
change too. Flexibility, incremental releases and development speed, i.e. the reduction of a
product’s time to market, are primary project requirements and are a necessary precondition
to stay competitive (Al Alam, Pfahl, & Ruhe, 2016). Therefore, manufacturers increasingly
introduce agile development methods that promise greater productivity, product and service
quality, and shorter development cycles in return (Dingseyr & Lassenius, 2016).
Complementing traditional BMs with services has been a long-standing trend in the
automotive industry (Verstrepen, Deschoolmeester, & Berg, 1999) and OEMs have intended
to do the same with digital ones (Hoffmann & Leimeister, 2011). However, initial efforts in
the early 2000s failed, and most OEMs remain mainly product-centred organisations (Mahut
et al., 2015). Their predominant BM is largely unaltered, and service innovation proceeds to
take place among industry newcomers, as are the cases of Lyft and Tesla. Now, the

automotive industry is in the process of digitally transforming itself to keep up with digital
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technologies and with new entrants who are not held back by traditional linear processes.
Increasingly, OEMs are demanded to operate and innovate like IT companies and transform
the vehicle into a DE hub that “merges cyber-physical content and social networking, as well
as agile processes for development” (Tian, Chin, & Karg, 2016, p. 6). DT “requires a
rethinking and restructuring [of] the whole business logics of an organisation” (Piccinini et
al., 2015, p. 14) as the transformation impacts organisations on a strategic level including
their BMs and ecosystems.

So far, research on DT has mainly set the priorities on detecting obstacles and necessary
fields of action for the successful implementation and management of the relevant processes
(Baines et al., 2009; Beuren, Gomes Ferreira, & Cauchick, 2013; Chanias & Hess, 2016).
But few empirical studies on how to transform manufacturing organisations exist (Gimpel
& Roglinger, 2015) and applicable industry-specific methods and instruments to guide the
realization of these transformational areas are missing (Wallin, 2013). Research on DT
“needs further conceptual refinement, especially with regard to its nature, scope, and
implications for decision-making in organisations” (Bounfour, 2016, p. 23). Notably, DT
affects and challenges manufacturers on multiple dimensions (Piccinini et al., 2015): From
strategic decision-making (Bilgeri et al., 2017), to the conception of digital services (Zott &
Amit, 2017) and their procedural implementations (Gimpel & Roglinger, 2015) (see Figure
2).

Digital Transformation

Planning Concep- Implementing
‘ tualizing ‘
Strategy Business Process
| | | | | |
Whatis my digital What do I offer? How do I offer it?
roadmap?

Figure 2: DT dimensions in accordance with Piccinini et al. (2015)

Hence, manufacturers undergoing DT processes need to address the questions: "What is my
digital roadmap?”, “What do I offer?” and “How do I offer it?”. By answering these
questions, an organisation can effectively incorporate strategic objectives into their revenue
models and business activities (Kaiser et al., 2017). But, despite the prominence of DT on

organisations’ agendas, the industry is still looking for applicable solutions to guide this
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process from its strategic design to its procedural implementation (Winkelhake, 2017). There
is a concrete need for transformational instruments that are applicable and empower an

organisation to conduct (Matt, Hess, & Benlian, 2015) and structure these environments

(Winkelhake, 2017).

1.2 Objective and Research Questions

This research shall contribute to the clarification of DT implications and provide a better
understanding of the changes required to utilise digital technology in an efficient way. The
addressees are automotive OEMs that are in the process of digitally transforming themselves
so that they can enhance their BM portfolio with digital services. Consequently, the objective
of this dissertation is the investigation of the DT of automotive manufacturers to product-
service providers with regards to its strategic, business and procedural dimensions. To
contribute to the research for each of these dimensions and to help automotive organisations

with applicable artefacts, the following research questions (RQ) were formulated:

= RQI1: “How can a digital automotive ecosystem be represented and what are its

essential elements and underlying topology?”
RQI refers to the strategic dimension and investigates an OEM’s strategic orientation
as well as an applicable topological structure of an automotive digital ecosystem
taking into account infrastructural elements, stakeholders and their interdependent
relations.

= RQ2: “How can original equipment manufacturers be supported in the

conceptualization of automotive service systems taking into account relevant
stakeholders?”
RQ2 refers to the business dimension, exploring automotive services and their
applications within service systems (SS). The results aim to support OEMs in their
effort to develop digital service-based BMs and guide them during the conception of
digital services by categorizing and systemizing SSs in the automotive industry.

» RQ3: “How can an organisation transform its software readiness assessment
procedure to enable agile digital product development within its current operational
infrastructure?”

RQ3 refers to the procedural dimension and examines the implications of DT
initiatives on an organisation’s backend processes when expanding digital service

development activities under consideration of the existing operational infrastructure.
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1.3 Research Methodology

The dissertation addresses a relevant, practice-oriented and practice-motivated research
problem. For this reason, the design-oriented framework for Information Systems (IS)
following Osterle et al. (2011) was applied as it aims at solving relevant issues and
generating outcomes that provide utility in the form of applicable artefacts and practical
courses of action, as is the stated fundamental premise of design-oriented IS research
(Hevner, March, Park, & Ram, 2004). Therein, the phases analysis, design, evaluation and
diffusion were repeatedly traversed, as seen in Figure 3. In addition to fulfilling the design
objective by creating applicable artefacts, an explicative objective is simultaneously pursued
to improve an OEM’s decision-making. The applied research methods in each phase per RQ

are displayed in Table 1.

\"\
1. Analysis -
- Systematic literature review
- Expert interviews
- Project partner analyses
- Identification of research
questions and scientific gaps
2 \ b\
— Q : R
4. Diffusion 2. Design
- Project partners - Conceptual Reference
- Scientific journals Framework
- Conferences - Surveys
- Magazines - Continuous Delivery Checks
- Presentations - Digital Automotive Ecosystem
QR

3. Evaluation

- Case studies

- Interviews

- Workshops

- Practical development projects

Figure 3: The design-oriented IS research framework by Osterle et al. (2011)

1. Analysis

Within the analysis phase information is gathered and examined, the problem statement is
described, and the research objectives are formulated. When defining the problem to be
investigated, ensuring its relevance is particularly important (Osterle et al., 2011). By
involving case partners in the forms of an automotive OEM and a DT advisory firm, real
operational problems were captured and used to inform this research. Within the analysis
phase, a research plan is set up, describing and organizing the utilised research methods.
Therein, practically motivated problems and scientifically substantiated research gaps were

analysed.
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2. Design

During the design phase, an artefact for the identified problem is developed and derived from
generally recognised research methods. According to Hevner et al. (2004), design is a
process and comprises a sequence of activities which create an innovative artefact. Two of
the three main artefacts were developed in empirical research environments while studying
an OEM, creating novel solutions within this context. In turn, this reinforces the demand to
develop specific implementations that can serve as a catalyst for the examination of theories

and other knowledge (Osterle et al., 2011).

3. Evaluation

Throughout the research process, artefacts and applied methods were examined in multiple
evaluation iterations. The evaluations were conducted practically by means of organisational
projects and workshops, interviews with industry and scientific experts, and by peer-
reviewed publications. In doing so, the evaluations provided feedback and enhanced the
comprehension of the problem , thus improving “the quality of the product and the design

process” (Hevner et al., 2004, p. 78).

4. Diffusion

Finally, the developed results were widely communicated to technology-oriented and
management-oriented audiences, providing both practitioners and researchers the capability
to utilise them and expand their knowledge on DT (Hevner et al., 2004). Scientific rigour
was ensured by choosing peer-reviewed, high-class conferences and journals (Gregor &
Hevner, 2013). Additionally, diffusion was promoted by the application of the results within
case companies, and by publications at academic conferences and scientific journals. Since
the research topic is of high practical relevancy, user-oriented outlets such as
Wirtschaftsinformatik & Management (WuM, 2017) and Automobiltechnische Zeitschrift
(ATZ, 2017) were served as well.
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Table 1: Overview of the applied research methods per phase and RQ

Approach or Method RQ1 RQ2 RQ3
Analysis
Searching and analysing literature (vom Brocke et al., X X
2009)
Systematically reviewing literature (Fettke, 2006) X
Interviewing and conducting workshops (Crowe et al.,  x X
2011; Mayring, 2014)
Analysing documents of research partners (Bowen, X X
2009)
Design
Applied an Action Design Research Framework (Sein et
al., 2011)
Conceptually modelling a use case model in UML X

(Misbhauddin & Alshayeb, 2015; Olivé, 2007)

Conceptually modelled a DE architecture (Misbhauddin
& Alshayeb, 2015)

Software-supported content coding using ATLAS.ti X
(Version 8) (ATLAS.ti Scientific Software
Development GmbH, 2017; Mayring, 2014)

»

»

Formation of elements by categorisation (Given, 2008)

Applying a conceptual modelling approach for reference
frameworks (R681, 1990)

Developing a phenomenon-based research outlined by X
Krogh, Rossi-Lamastra, and Haefliger (2012)

Formation of elements by categorization (Given, 2008)

»

Mapping the business model canvas to the SS domain X
(Deelman et al., 2005)

Conceptually modelling a class model in UML (Gomaa, X
2005)

Applying the phenomenon-based research approach by
Krogh et al. (2012) within a case study research
(Schramm, 1971; Yin, 2014)

Conceptual modelling a project template and an activity X
diagram in UML 2 (Hoppenbrouwers et al., 2005)

Practice-oriented prototyping of a microservice project X
template (Beynon-Davies, Tudhope, & Mackay, 1999)
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Table 2: Continued overview of the applied research methods per phase and RQ

Approach or Method RQ1 RQ2 RQ3
Evaluation
Following guided evaluation processes for reference X X

models (Frank, 2007)

Applied the Guided Framework for Evaluation in Design
Science Research (FEDS) (Venable, Pries-Heje, &
Baskerville, 2016)

Followed a ‘Human Risk & Effectiveness’ strategy X X X
(Venable, Pries-Heje, & Baskerville, 2016)
Implementing the artefact within organisational case X

projects (Yin, 2014)

Intervening the artefact MVPs within organisational X
context (Sein et al. 2011) and conducting semi-
structured interviews (Myers & Newman, 2007)

Conducting guideline-supported interviews (Mayring, X X
2014)
Conducting workshops by means of a real problem case x X

(Crowe et al. 2011)

Qualitatively analysing data (Mayring, 2014) X X X

Analdysing cross-case results (Khan & X
VanWynsberghe, 2008)

Diffusion
Conference X
Journal X X X

1.4 Contributions

This thesis contributes to the research in empirical transformation studies of how to
transform manufacturing organisations on the strategic, service conception and process
levels. Further, this research contributes with specific concepts and applicable artefacts to
guide automotive OEMs during DT to integrated solutions providers. The results of this
thesis are presented in four peer-reviewed publications consisting of a conference proceeding

and three journal articles. The publications contain three main artefacts:

1. Expert interviews and the Digital Automotive Ecosystem (DAE) as a layered
conceptual model for digital ecosystem design and strategic decision support

(Grieger, Glockner, Ludwig, & Shen, 2018)
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2. Literature review on Automotive Service Systems and the Conceptual Reference

Framework (CRF) as a structuring framework for digital automotive service

development (Grieger & Ludwig, 2017)

3. The Continuous Delivery Checks (CDC) as a methodology by which to integrate

software readiness assessments into an agile development approach (Grieger,

Ludwig, & Shen, 2018; Ludwig, Shen, & Grieger, 2018)

Each artefact answers one of the above posed RQs and is presented in the respective paper.

The results of study 3, the Continuous Delivery Checks artefact (Grieger et al., 2018), were

generalised into the transformation of software readiness assessment processes independent

of industry specification, then further revised and submitted as paper 4 to the

Communications of the Communications of the ACM (CACM) journal. An overview of the

artefacts and publication venues is presented in Table 3.

Table 3: Publications overview by research question and artefact type

Research Title Artefact Publication Venue

Question Type

RQ1 Designing a Layered Conceptual  Layered Information Systems
Model of a Digital Ecosystem for Conceptual  Journal (ISJ)
the Automotive Industry Model

RQ2 On the Move Towards Customer- Conceptual  Electronic Market
Centric Business Models in the Reference (EM) Journal
Automotive Industry Framework

RQ3 Adding Agility to Software Design European Conference
Readiness Assessment Methodology on Information Systems
Procedures (ECIS)

Continuous Software Readiness
Assessments for Agile Product
Development

Communications of the
ACM (CACM) Journal

According to the five different theory types in IS research following Gregor (2006) (seen in

Table 4), this thesis also contributes to the Analysis, Explanation, and Design and action

theory types.
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Table 4: Theory types in IS research and thesis contributions (Gregor, 2006)

Theory Types in IS Research Thesis Contribution
I Analysis DAE (Artefact 1)

IT Explanation CRF (Artefact 2)

III Prediction

IV Explanation and prediction
V Design and action CDC (Artefact 3)

The DAE adds knowledge in the analysis and description of a digital automotive ecosystem,
displaying relations and interdependencies, by providing a layered, conceptual model. The
CRF provides explanations on how digital services can be conceptualised within a network
of multiple stakeholders. Finally, the CDC provides a concrete methodology upon which

specific directives for the configuration of an agile software readiness assessment are given.

1.5 Outline

The thesis is structured in six chapters as follows: Chapter 1 motivates the research need in
DT for incumbent automotive OEMs, presenting the objectives and research questions.
Chapter 2 creates an understanding of the concepts and theoretical foundations in DT needs
and substantiates the research gaps as described in the introduction. Chapter 3 provides and
discusses a conceptual model of a digital automotive ecosystem. Following, Chapter 4
describes a literature review on automotive SSs and introduces the conceptual reference
framework for digital service conception. Chapter 5 presents the Continuous Delivery
Checks, a methodology by which software readiness processes are aligned to agile project
development. Finally, Chapter 6 depicts the scientific and managerial contributions before

concluding with the results of this thesis and recommendations for future research.
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2 Background

2.1 From Interdependent Value Creation to Digital Ecosystems

2.1.1 Digitalisation Drives Collaboration

Digitisation refers to the technical aspect of converting “analog signals into a digital form,
and ultimately into binary digits” (Tilson, Lyytinen, & Serensen, 2010, p. 749). As
digitisation fundamentally alters the way of handling information, its storage and
transmission, this mere technical phenomenon entails diverse changes, possibilities and even
competitive threats. These changes at a socio-economic level are subsumed under the term
“digitalisation” which is hard to specify insofar as to what it actually means as there are
many ways of interpretation (Khan, 2016). It can be defined as “applying digitizing
techniques to broader social and institutional contexts that render digital technologies
infrastructural” (Tilson et al., 2010, p. 749). Concerning economic contexts, digitalisation
describes the transition to new BMs driven by the use of digital technologies that provide
novel income and value-producing opportunities (Gartner Inc., 2017). Ultimately,
digitalisation results in digital artefacts, such as new digital products or product increments
(Kaiser et al., 2017).

In the automotive industry, digitalisation is understood as an important driver that enables
the development of new services and their respective BMs even across organisational
contexts. Especially in the fields of connected and quantified vehicles, a number of new
competitors have entered the market since digitalisation has given rise to the phenomenon
of “digital entrepreneurship” (Kaiser et al. 2017, p. 1), meaning more unbounded and less
predefined entrepreneurial processes and outcomes. In this respect, fixed boundaries
dissolve, enabling completely new value arrangements and possibly resulting in an
ecosystem. Ultimately, digitalisation offers new possibilities for an increased collaboration

among internal and external stakeholders (Legner et al., 2017).
2.1.2 Pursuing an Ecosystem Strategy

Value Networks

Across these collaborative relations, values are created by multiple stakeholders that
mutually interact with each other in a network. To model, visualise, analyse, and optimise
the business relationships and interdependencies among these stakeholders, the concept of
value systems is applied. Within an organisation’s value system, linkages of physical

activities are visualised between its value chains, its suppliers, distribution channels and
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customers (Porter, 1985). To the contrary, the value chain concept is a rather linear approach
by which competitive advantage can be created by optimizing the connections and
relationships of a value system (Riasanow et al., 2017). Consequently, digitalisation drives
the shift from bilateral value relations to multilateral ones, elevating value systems to value
networks (Biem, 2008; Peppard & Rylander, 2006). Value networks are an advancement of
the value system concept that models business relations with an increased amount of
connections and dependencies that more appropriately reflect the context of a globalised and
digitalised world.

The concept of a value network opens up the perspective of a framework being composed
of quite autonomous units, nevertheless cooperating on the basis of mutual agreements
(Peppard & Rylander, 2006). Each actor concentrates on its core competencies with their
connections and common value creation. Today, singular roles can no longer be clearly
defined nor industries “classified as suppliers, customers and competitors” (Riasanow et al.,
2017, p. 3193). The concept of value networks facilitates the visualisation of mutual
exchanges, complex cooperation relationships and alliances. Moreover, it displays the value
streams between all actors in the network. In the generic value network of the automotive
industry, Riasanow et al. (2017) shows the complexity of these value streams and introduces
new market roles such as disruptive technology providers. The authors argue that “the
automotive industry transformed to a multi-sided value network, and thus moves away from

the traditional one-sided supplier-buyer business model” (p. 3197).

Digital Platforms

Within the digital domain, value networks can be beneficially used to conceptualise digital
platforms (DPs) and their cooperative relationships. DPs have experienced emerging interest
within IS research due to their transformational power in leading to changes in
communication and client-provider-interaction (Spagnoletti, Resca, & Lee, 2015),
developments in inter-organisational relations (Eaton, Elaluf-Calderwood, Serensen, & Yoo,
2015), and adaptations from monolithic system architectures to modular DPs (Tiwana,
Konsynski, & Bush, 2010). Reuver et al. (2017) establishes two perspectives on DPs, a
technical and a sociotechnical. According to the technical view, platforms are understood as
extensible codebases, serving as a basis for ecosystems in which third-party modules are
added to this codebase (Boudreau, 2012; Tiwana et al., 2010). Following the sociotechnical
view, a DP is seen as an assemblage of technical elements (software or hardware) and related
organisational procedures (Tilson et al., 2012). Many researchers have also examined the

question of governance regarding DPs raising the question of balancing different, sometimes
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diverging, interests (Darking et al., 2008). Wareham et al. (2014) apply the concept of
dialogical relationships, whereas Tilson et al. (2010) study paradoxical relationships of
change and control.

All in all, “digital platforms can be seen as a less complex subtype of digital infrastructure
with specific control arrangements (Hanseth & Lyytinen, 2010)” (Reuver et al., 2017, p. 4).
Thus, they represent an expandable software system, which provides core features that are
shared by the components and interfaces which interact with it (Tiwana et al., 2010).
Platform approaches influence businesses, networks and even collaboration and competition
dynamics, thus, having the potential to transform entire economies (Gawer & Cusumano,
2002; Parker, van Alstyne, & Choudary, 2017; Reuver et al., 2017). DPs are just as complex
as the objects they handle resulting from the foundation of sub-systems, platforms and
infrastructures (Evans & Basole, 2016; Reuver et al., 2017), such as hardware, operating
systems, apps and browsers (Pon, Seppild, & Kenney, 2014), and their distributed
characteristics (Henfridsson, Mathiassen, & Svahn, 2014). In the context of the automotive
industry, OEMs must develop scalable platforms and heavily invest in IT technologies to be
able to simultaneously provide “high security, uptime, performance, fault tolerance,
redundancy, and safety” (Tian, Chin, & Karg, 2016, p. 6). Often organisations establish
platforms first and strategically develop them into an ecosystem consisting of several entities

(Tan et al., 2015).

Ecosystems
Following, the term “ecosystem” and its differentiation from other concepts that similarly
focus on interdependent activities or organisations is clarified, as sometimes, terms like

99 ¢

“ecosystem”, “platform” and “market” are used as synonyms within scientific literature (Tan
et al., 2015, p. 250).

The biological metaphor of an “ecosystem” was introduced by Moore (1996, p. 26) into
business literature to explain the evolutionary development of processes, rivalries,
competition, and ways of interaction within a community. Thus, a picture was drawn of an
interdependent, self-organizing network with single actors being entangled amongst each
other as mutually interdependent entities. Other researchers, such as Iansiti and Levien
(2004, p. 8) follow this network-view, and specify that an ecosystem is “characterized by a
large number of loosely interconnected participants who depend on each other for their
mutual effectiveness and survival”. The perspective of putting actors and their
interdependent relationships into the centre of analysis has been coined as “ecosystem-as-

affiliation” by Adner (2017, p. 41).
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To differentiate this view from other concepts handling similar phenomena of
interdependence, such as networks, platforms, and multisided markets, Adner (2017)
introduces the concept of an “ecosystem-as-structure”, putting the value proposition at the
centre. Rather than focusing on actors, Adner (2017) focuses on the actors’ activities to fulfill
the value proposition. Following a structuralist approach, he defines an ecosystem as “the
alignment structure of the multilateral set of partners that need to interact in order for a focal
value proposition to materialize” (p. 40).

Furthermore, Adner (2017) demonstrates that the two concepts build up a line of
argumentation along opposite directions: Ecosystem-as-affiliation starts with actors, follows
their links to other actors and finally identifies potential value propositions, whereas the
ecosystem-as-structure perspective inversely starts from the value proposition, identifies
“the activities required for its materialization, and ends with actors that need to be aligned”
(p. 44). Following the approach of the ecosystem forming around a focal actor as the
ecosystem leader (ecosystem-as-affiliation), an ecosystem is constituted of the following

elements, as can be seen in Figure 4:

Actors, being entities that are connected to a central actor
= Positions, which can be derived from links to other actors and

= Links, that tie the actors together (Adner, 2017).

Ecosystem

Actor

________________________________________________________________

Figure 4: Ecosystem elements following Adner (2017)
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For instance, an ecosystem leader can empower contributories by providing beneficial tools
and services which attracts more stakeholders entering the ecosystem or underlying
platform, thus, leveraging the system’s overall attractiveness and benefits (Tan et al., 2015).
Many OEMs have already set up business ecosystems to increase profitability and impact
(Altman & Tushman, 2017), reducing their operating costs as well as providing higher
service quality to customers (Tan et al., 2015). Accordingly, they are in the process of
enhancing their value propositions in the digital sphere, setting up their own digital

ecosystems (DEs).

Digital Ecosystems

Studies indicate that companies that predominantly generate revenues via DEs, know end
customers better than average typically accounting a 32% higher growth in revenue and a
27% higher margin of profit than their competitors (Weill & Woerner, 2015).

A DE can “be defined as an open, loosely coupled, domain clustered, demand-driven, self-
organising agent environment, where each agent of each species is proactive and responsive
regarding its own benefit/profit [...] but is also responsible to its system” (Boley & Chang
2007, p. 399). Differing from biological and social ecosystems, DEs remove geographic
limitations and offer instruments for collaboration across systems as they are not hindered
by physical barriers. Their elasticity allows overlapping with other ecosystems as a single
system, capturing the benefits of collaborating with other entities (Boley & Chang, 2007).
DEs are thus an environment of interconnected stakeholders that mutually rely on each other
(Peltoniemi & Vuori, 2008) and work synergistically to offer customer value (Tan et al.,
2015). Various organisations are converging towards one another as mutual interactions gain
in importance (Paulus-Rohmer et al., 2016), as illustrated in the case with Apple, which
successfully integrated digital services and tethered partners to maintain a powerful position
in an otherwise commoditised hardware market. Reuver et al. (2017) further structures DEs
by distinguishing them from a technological and organisational point of view, emphasizing
the importance of further investigation into the conceptual representation of the “structure
and dynamics of digital ecosystems” (p. 6).

Assumingly, the number of mobile platforms and ecosystems will grow (Serensen, Reuver,
& Basole, 2015) and DE arrangements will become more complex (Bilgeri et al., 2017). DEs
and platforms are closely interconnected, with some researchers even use the terms
synonymously (Reuver et al., 2017). Both platforms and ecosystems are based on
interrelations of individually acting stakeholders that could be cooperating and competing

on different fields at the same time (Gawer & Cusumano, 2002; Thomas, Autio, & Gann,
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2014). Following Uludag, Hefele, & Matthes (2016), platforms are regarded to be
contributing entities for the development of DEs within this study. Concludingly, DE can be

distinguished from extant strategic approaches as can been seen in Table 5.

Table 5: Definition of a DE and extant concepts of strategic interdependence

Concept Characteristic Example
Supply = “Make vs. buy decisions; bargaining; partner reliability”  Toyota
Chain and to manage and secure supply (Adner, 2017, p. 52)

Vall}e = A linear path with clear and accepted roles, and positions

Chain of suppliers and buyers

Value = A framework comprised of autonomous units, Tesla
Network: cooperating on the basis of mutual agreements (Peppard

& Rylander, 2006).

= Focus on a broad set of parties: firm, rivals, customers,
suppliers, complementors (Adner, 2017)

Digital = Focus on technology (access, incentives, control) and the RIO
Platform provision of interfaces for different actors (Adner, 2017) MAN

= Contributing entities for the development of DEs

Digital » Ecosystem-as-affiliation with focus on actors and a UBER
Ecosystem network view vs. ecosystem-as-structure with focus on
activities and a common value proposition (Adner, 2017)
= Loosely coupled and self-organizing environment (Boley
& Chang 2007) with mutual interdependence of
stakeholders (Peltoniemi & Vuori, 2008)

Ecosystem Strategy

Ecosystem structures are not always visible in mature industries when changes result in few
to no adaptations leaving the ecosystem structure, actors, their positions and the established
relationships unaffected (Adner, 2017; Nelson & Winter, 1982). Many companies have an
antiquated picture of what taking part in, or even steering, a linear value chain looks like,
never mind the idea of being a single element within a multidimensional ecosystem (Weill
& Woerner, 2015). However, when innovation, such as digitalisation, affects both the
established configurations and the underlying structure, a crucial moment arises when “the
ecosystem becomes apparent and where consideration of ecosystem dynamics becomes

critical for crafting and understanding strategy” (Adner, 2017, p. 44). In this regard, an



Background 19

ecosystem perspective can help organisations in situations where activities, positions, actors
and relationships need to be rearranged, new links established and co-innovations made.
Adner (2017) illustrates his point with an example of an innovation in the tire industry where
Michelin introduced the PAX run-flat tire that allows vehicles to continue driving for 125
miles after puncturing. As workshops had to accept a new generation of tire repair
equipment, they “shifted from being latent members of the ecosystem to being actors whose
participation would be a matter of their own choice” (Adner, 2017, p. 46). If this acceptance
had not happened, or if consumers would not have demanded the new tires, the whole system
would not have worked in the expected way.

Hence, in situations like these, with changes occurring in at least one of the three structural
elements of actors, positions and links, the analytical concept of an ecosystem is of a high
explanatory utility. Therefore, taking an ecosystem perspective can be especially useful in
digital environments as digitalisation and “the phenomenon of digital transformation is
rapidly and fundamentally changing existing businesses and organisations alike” (Khan,

2016, p. 1; Collin, 2015).

Table 6: Advantage of an ecosystem strategy

Having an ecosystem strategy helps to manage situations where activities, positions,

actors and relationships need to be rearranged, new links established and co-innovations

made (Adner, 2017)

According to Adner (2017, p. 47) an “ecosystem strategy is defined by the way in which a
focal firm approaches the alignment of partners and secures its role in a competitive
ecosystem.” In doing so, an organisation focuses on the number of actors being linked to a
focal actor or platform and on questions of power (Brandenburger & Nalebuff, 1996;
Jacobides, Knudsen, & Augier, 2006). Having an ecosystem strategy helps to manage these
aspects and possible shifts in structure, including the elements that should be aligned, the
ways to design the alignment, and methods for managing rivalries within and across
ecosystems (Adner, 2017). Closely linked to this is the question of the ecosystem leader and
followers: As each actor pursues its own objectives, ecosystem strategies can be in line or
collide with the strategies of other actors. Therefore, the focal firm must try to align partners
as they are intended in the ecosystem with their ecosystem strategy. Co-innovation and
adoption risks can potentially threaten the success of this alignment as well as expectation
gaps about the leader-follower role. Ecosystem leaders can be seen as members of the

ecosystem who have achieved their visions and are able to set certain conditions. Ecosystem
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followers orient themselves to these and align their actions respectively. “If the heart of
traditional strategy is the search for competitive advantage, the heart of ecosystem strategy
is the search for alignment” (Adner, 2017, p. 49).

All in all, organisations pursue an ecosystem strategy to reduce operating costs and higher
service quality (Tan et al. 2015), and for increased revenue growth and profit margin
potential than that of their competitors as indicated by empirical investigations (Weill &
Woerner, 2015). Additionally, organisations that pursue these strategies become more open
(Boudreau, 2012), engage in interdependent relationships outside of their organisational
boundaries and pursue coopetition BMs (Altman & Tushmann, 2017; Brandenburger &

Nalebuff, 1996).

2.1.3 Research Gaps and Strategy Formulation Obstacles

The development of a DE challenges manufacturers in multiple aspects as adopting digital
technologies for an integrated service delivery ultimately alters the organisation’s value
creational activities and strategic IT objectives (Bilgeri et al., 2017). A major obstacle faced
by automotive incumbents is competition within DEs as new and non-industry rivals are
entering the market. If OEMs follow a DE strategy, they must digitally transform themselves
concerning multiple IT dimensions (Piccini et al., 2015). According to Bilgeri et al. (2017),
large manufacturers that are in the process of transforming from sellers of solely physical
products to digitally integrated solutions lack the knowledge that meet the needs of
digitalisation, i.e. “where and how to allocate and align digital capabilities within their
organisational structures” (p. 2). New organisational structures are necessary as current ones
are critical barriers against the ability to implement and develop digital strategies and
offerings (Lindgren, Eriksson, & Lyytinen, 2015).

Compared to their importance in practice, research on the topological structure of DEs is not
comprehensive and practical insights are scant as there is still a lack of clarity on
specifications, scoping and design within practitioner and academic discourse (Serensen et
al., 2015). Studies demand the investigation of stakeholder networks, their composition, and
their structural interactions (Reuver, et al., 2017). Although new communication and
coordination possibilities have caused great scientific interest with regards to issues of
strategy and interdependence leading to several new concepts, such as that of DEs, there is
still a missing connection to the structure of value creation (Adner, 2017). Further, research
on the boundaries of an ecosystem, what positions to include, and how far to trace the

respective influences and basics, is still a gap to be investigated (Adner, 2017). In this
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respect, the questions on coordination, sequencing, and the role of institutions or regulators
in influencing processes of alignment and creating the context need to be addressed as well
(Adner, 2017; Hannah & Eisenhardt, 2016; Jacobides, MacDuffie, & Tae, 2015). So far, few
studies have investigated what constitutes DEs and how to compose essential elements
(Paulus-Rohmer et al., 2016). Though some studies address all design dimensions and do
propose procedural models or frameworks to implement or analyse DEs, they fall short in
explaining its architecture and structural composition. Further, no studies could be identified
that provide conceptual models for OEMs to scope and topologically outline DEs
themselves. An overview of the identified managerial obstacles and research gaps needing

to be addressed is given in Figure 5.

Managerial Obstacles ’ ’ Research Gaps
New and non-industry rivals are entering the market Empirical studies on the investigation of
(Piccinini et al., 2015) stakeholder networks (Buchmann & Pyka, 2015)
Lack of clarity on specifications, scoping and design Composition and structural interaction of DEs
of DEs (Serensen, Reuver, & Basole, 2015) (Reuver et al., 2017)
Lack of transformational knowledge that meets the Topological structure of DEs architecture (Paulus-
digitalisation needs: “Where and how to allocate and Rohmer et al., 2016)
align digital capabilities within their organizational L. .
structures?” (Bilgeri et al., 2017, p. 2) Missing cqnnectlon between DE and structure of

value creation (Adner, 2017)

Old organizational structures as barriers against the .
ability to implement and develop digital strategies and Boundaries of ecosystems (Adner, 2017)
offerings (Lindgren et al., 2015)

Artefact 1 Empirically inspired research on the conceptualisation of a digital ecosystem within the
(Ch. 3) automotive industry

Figure 5: Overview of research gaps and strategic obstacles

The research gap to investigate the conceptualization of a DE in an empirical context is

explored in study 1 (Chapter 3).
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2.2 From Products to Product-Service Solutions

2.2.1 Digital Service Fulfilment Requires Co-Creational Networks

Digitalisation is seen to be a profound and lasting evolution that reinforces IT importance in
the automotive sector (Frey, Charissis, & Nahm, 2016) and ultimately propels the shift
towards digital services (Kaiser et al., 2017). The enhancement of a manufacturer’s portfolio
with the bundling of goods and services is a longstanding trend, not least among automotive
OEMs, referred to as “servitization” (Baines et al., 2009; Vandermerwe & Rada, 1988;
Verstrepen, Deschoolmeester, & Berg, 1999). Boundaries between the service and the
manufacturing sector are blurring as one or several services are added to a product (Beuren
etal.,2013; Mahut et al., 2015). As goods become increasingly commoditised and thus suffer
lower profit margins, services can be instruments for both the differentiation in the pursuit
of building competitive advantages (Porter, 1985) and for the generation of different sources
of income (Suarez, Cusumano, & Kahl, 2013). Rolls Royce is an example of a successful
implementation of a servitization strategy as they had shifted their aircraft engine
manufacturing division from selling products to selling performance using an IoT approach
and establishing a strong network of maintenance infrastructures all over the world (Mahut

etal., 2015)

Service-Dominant Logic

Traditionally, manufacturing firms put tangible goods in the centre of activity focusing on
goods-oriented BMs (Ibusuki & Kaminski, 2007; Orsato & Wells, 2007). As firms servitized
their products, these service activities were operated similarly to the prevalent goods-
orientated engineering mindset (Ng, Parry, Smith, Maull, & Briscoe, 2012). This mindset
necessitates that the producers’ responsibility ends with the ownership transfer of the product
to the costumer (Ng et al., 2012), with the way in which the product is used being of little
importance. Contrary to the prevalent goods-centred view in manufacturing firms, Lusch
and Vargo (2014) introduced a course of thought where the customer is the centrepiece,
called service-centred dominant logic (SDL) (Lusch & Vargo, 2014; Kuzgun & Asugman,
2015). The SDL suggests that servitization is one of the key trends in an increasingly
digitalised and interconnected world (Lusch & Vargo, 2014). In SDL, services are broadly
defined as the exchange of resources to the benefit of the recipient and are seen as “the
fundamental basis of exchange” (Vargo & Lusch, 2008, p. 7), i.e., a value proposition for
customers, be it for the individuals (e.g. automobile drivers) or organisations (e.g. logistic
service providers) (Lusch & Vargo, 2014). The value of the goods lies in the carriage of

these services (Spohrer, Maglio, Bailey, & Gruhl, 2007). In this sense, vehicles are seen to
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be goods for the provision of mobility services. Changing customer expectations on mobility
and technology drive this development, influencing and even forcing reactions and
adaptations by OEMs. So, in combination with different societal trends, it is the availability

and applicability of digital technologies which propels the shift from a GDL to an SDL.

Product-Service Systems

The above-mentioned example of Rolls Royce demonstrates manufacturers not giving up on
product development, but rather enhancing their current value propositions with additional
services, building the respective BM around them. In this way, manufacturers offer
integrated, marketable solutions of both goods and services that meet consumer demands,
scientifically referred to as product-service systems (PSS) (Beuren et al., 2013; Reim, Lenka,
Frishammar, & Parid, 2017). Boehm and Thomas (2013, p. 252) define a PSS as “an
integrated bundle of products and services which aims at creating customer utility and
generating value.”

The concept of PSS describes a transformational process from manufacturing firms to
product-service solution providers (Gaiardelli et al., 2015). Davies et al. (2006) argue that
integrated solutions offer greater customer value than individual products or services.
Specifying this process, Sakao and Shimomura (2007) developed a model for service

delivery including the elements service provider and service channel.

Table 7: PSS characteristics

PSS are “an integrated bundle of products and services which aims at creating customer

utility and generating value” (Boehm & Thomas, 2013, p. 252)

The benefits of this integrated service offering can be increased efficiency, improved
resource allocation and more customer touchpoints, resulting in both positive economic and
environmental effects (Mont, 2002; Reim et al., 2017). PSSs in the automotive industry have
shown beneficial calculable cost reductions for consumers, for instance, in maintenance
measures as manufacturers can offer service agreements (Mahut et al., 2015).

Research on PSS has focused on the typification of PSS between product-oriented, use-
oriented and result-oriented (Tukker & Tischner, 2006), its classification (Oliva &
Kallenberg, 2003), dimensions of product extensions (Uchihira et al., 2008) and the role of
services within the PSS (Mathieu, 2001). Currently, most manufacturers are still product-

centred, however, there is an increasing number of mobility services providers like UBER
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and Lyft that are providing result-oriented services, leading to a clear “dichotomy” between

these two groups of stakeholders (Mahut et al., 2015).

Berman (2012) demonstrates that companies can successfully integrate hardware and
software if they both build up digital technology capabilities that enable customer
involvement in the value creation process and the ability to reshape their value proposition.
Davies et al. (2006) list examples of manufacturing corporations that have successfully
integrated hardware and software, offering solutions and, thus, differentiating themselves
via high-value propositions. Hence, digital offerings lead to a transformation of a “punctual
selling exchange into a relationship-based contract, giving customer utility and to creating
value” (Mahut et al., 2015, p. 843).

Integrating the PSS concept within an organisation requires the adaptation of its operating
model, infrastructural conditions, and internal procedures. To guarantee PSS offerings over
the entire lifecycle, manufacturers have to establish an infrastructure supporting the service
delivery defined as a “network” by Mont (2002). Among the barriers identified in the
adoption of a PSS by Kuo et al. (2010), the main ones are a general lack of awareness
regarding PSS, insufficient support by laws and regulations, and high efforts to guarantee
the maintenance of SS (Mahut et al., 2015).

Cavalieri and Pezzotta (2012) acknowledge the necessity of different skills and expertise for
service engineering and product design. Most companies are challenged by the efforts
needed to offer PSS solutions because of their internal inability to successfully design and
implement PSS BMs (Barquet et al. 2015). Additionally, research still needs to contribute to
the knowledge with regard to infrastructures, methodologies supporting transitional
processes, facilitation for the development of a product-service offering as well as tools that
monitor and improve PSS (Mahut et al., 2015; Reim et al., 2017; Vezzoli, Kohtala, &
Srinivasan, 2017; Wallin, 2013).

Automotive Services

In the automotive industry, digital service development is driven from external pressure on
incumbents by the entry of new competitors (Chanias & Hess, 2016), and rising
environmental regulations (Firnkorn & Miiller, 2012) in addition to the OEM’s intrinsic
motivation to generate new income sources. According to Juehling et al. (2010), automotive
services comprise all services that provide benefit for customers over the vehicle’s life cycle
and can be generally distinguished between technical and non-technical services. In addition,

Mahut et al. (2015, p. 846) classifies these services as “pre-sales”, “sales” and “after sales”,

ultimately remaining product-related. Many researchers investigate technical services, more
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specifically, some form of assisted driving system (see Bengler et al., 2014; Guériau et al.,
2016; Mahut et al., 2015). Their primary aim is to increase the carriers’ safety, e.g. via early
brake support, collision mitigation, ABS, ESP, etc. These technical services are triggered
through sensory input with computations taking place within the vehicle. Technology around
driving assistance systems brings about more automatic and cooperative driving (Bengler et
al., 2014), upgrading the control of the vehicle from manual operation to semi-autonomous
or autonomous driving.

Connected, digitalised vehicles can be understood as mobile IoT-devices, consisting of
distinct value-creating dimensions, as seen in Figure 6 (Fleisch, Weinberger, & Wortmann,
2014). The dimensions do not have to causally build on top of each other but are all necessary

in order to fulfil the digital service provision.

Product-Service System

Digital Services

Data Analytics

Connectivity

Sensors and Actuators

Vehicle (Physical Good)

Figure 6: Value-creating dimensions of PSS after Fleisch et al. (2014)

To create integrated service solutions, OEMs must attain an understanding “of its
participants, processes and activities that they perform, the product/services that are

produced, the customers, and so on”, which can then be beneficially conceptualised as a SS

(Alter 2017, p. 1828).

Service Systems

SSs exist on a variety of levels (Hefley, Murphy, Demirkan, Spohrer, & Krishna, 2011).
They can be a single person, organisations, corporations or the entire world (Maglio &
Spohrer, 2013). Spohrer et al. (2007) describe a SS as the dynamic combination of resources
that possibly generate value with other SSs through shared information. A SS in this manner

is characterised by a co-creation of value (Maglio & Spohrer, 2013) and can thus be



Background 26

considered a basic abstraction of SDL. This shared information contains language (e.g.
binary digits), laws (e.g. contracts) and measures (e.g. prices). Alter (2017, p. 1828)
describes SSs as “work systems that produce product/services and that may or may not
involve coproduction by customers and value co-creation.” Normann (2001) argues that each
SS acts as both a provider and as a client of services within connected value networks.
Therefore, an automotive SS can be broadly defined as a network of people, technology, and
organisations that create and deliver mobility-related services. For instance, the provision of
a navigational service can be conceptualised within a SS. A driver who is willing to send his
position data when using navigational services, such as Google Maps, generates additional
value. Thus, involving customers in collaboration with the service provider co-creates value

(Lusch & Vargo, 2014; Normann, 2001; Ng et al., 2012).

Customer-Centric Co-Creation

Value in an SS is created during a co-creation process by technology, people, and shared
information (Maglio & Spohrer, 2013). This implies services are generated in ecosystems,
or actor-to-actor networks, representing the central theme of SDL. In these ecosystems, value
is no longer created by one actor, but increasingly created through co-creation, making the
understanding of the underlying value network crucial (Riasanow et al., 2017, p. 3192).
Being purely customer-oriented, customers are collaborators in value creational or client-
provider-networks (Spohrer et al., 2007; Siegmann, 2014), thus, the customer is seen as one
of the stakeholders (Mahut et al., 2015) and as a “co-creator of value” (Hanelt et al., 2015,
p. 1324). Such as in the example of a driver who is willing to share their location when using
navigational services, this data can be of value to other stakeholders. In turn, customer
involvement together with firms co-create value-in-use within a SS (Lusch & Vargo, 2014;
Ng et al., 2012; Normann, 2001).

The understanding of value creation is derived from the perspective one applies to the
concept. Mele and Polese (2011) elaborate upon the distinguishing characteristics between
supplier-centric, customer-centric and stakeholder-centric value perspectives (see

Table 8). They describe the supplier-centric perspective as being a representation of GDL
with an exchange occurring between a provider of a valued service and a customer. They
elucidate on how service is delivered through a transaction with a customer who uses the
service but does not contribute to the value creation process. Furthermore, the authors
differentiate the customer-centric perspective as being closely aligned with SDL, where the
value is created when the product or service is used, shifting the emphasis to the customer.

In this context, they characterise the customer as being actively involved in the value-
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creation process, acting as a so called “prosumer”. Rather than just an exchange of value,

value becomes inherent in the service’s usage (Lusch & Vargo, 2014; Mele & Polese, 2011).

Table 8: Value creation perspectives after Mele and Polese (2011)

Logic Perspective Value Substance Process
Representation
Goods- Supplier- Value-in-exchange Value creation of product
dominant logic centric or service provider
Service- Customer- Value-in-exchange / Value co-creation
dominant logic centric Value-in-use
Co-creational ~ Stakeholder-  Value-in-exchange / Value co-creation among
network centric Value-in-use / Value-in-  SS actors

experience

In a stakeholder-centric perspective value is co-created in networks among SS actors (Mele
& Polese, 2011). According to Ballantyne and Varey (2006), the service offered to the
customer is a fulfilment of multiple co-creations within a network of interdependent
stakeholders (Ballantyne & Varey, 2006; Mele & Polese, 2011). Resources, be they tangible
or intangible, are exchanged and shared among the network participants to achieve certain
objectives. This perspective suggests that the customer is one of the many beneficiaries as
all stakeholders co-create value in the SS and expect it in return (Mele & Polese, 2011). As
Maglio and Spohrer (2013) point out, the formative procedure occurs in complex global
networks rather than isolated local processes, leading to a paradigm shift from an individual
“service system managing particular stakeholders” (p. 41) towards a collaboration as
partners from multiple SSs in a co-creational network.

The definition of SS and automotive SS in particular are inextricably linked to networks.
Value-adding activities within these networks are collaborations between many
stakeholders, whose communication and coordination are efficiently facilitated by digital
technologies. Starting with this co-creational perspective, OEMs also intend to initiate and
incorporate more customer-centric service development approaches into their operational
activities (Capon & Senn, 2017). Concepting services in this way, enables OEMs to maintain
customer contact beyond the point of sale (Hoffmann & Leimeister, 2011). However, it
remains to be analysed how customers and other stakeholders can be integrated into value

creation processes underlying a shared service offering, especially in the context of the
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automotive industry (Bucherer, Eisert, & Gassmann, 2012; Chesbrough 2010; Spieth et al.
2014).

2.2.2 Enhancing Business Models with Digital Services

Business Models

Service provision and innovation will only occur if an organisation is able to monetise them,
established through an organisation’s BM (Chesbrough, 2010). Research on BMs arose with
the proliferation of the electronic market in the 1990s and its novel approach of doing
business (Bucherer et al. 2012; Gibson & Jetter, 2014; Morris et al., 2006). Adequate
frameworks and methodologies that could explain these unconventional ways of developing
digital businesses were missing (Morris et al., 2006) and the BM concept was able to provide
a way to combine these distinct perspectives (Bucherer et al., 2012). Since its creation,
researchers have not been able to agree on one generally accepted definition of a BM
(Chesbrough, 2010; Morris et al., 2006), but for the practical application of this contribution,
Osterwalder and Pigneur’s (2011) definition is followed which describes a BM as the way
in which companies capture, deliver and create value. Digital BMs in this context are
comprised of concepts where digital technologies fundamentally transform a company’s
business operations as well as the way income is generated (Veit et al., 2014). They offer
new ways to conceptualise customer integration in the value creation process. Subject to the
perspective, several components make up BMs including financial, customer relationships,
value proposition and operational aspects (Bucherer et al., 2012; Morris et al., 2006;
Osterwalder & Pigneur, 2011).

As the research on BMs matured, the understanding regarding definitions (Morris et al.,
2006; Timmers, 1998, p. 4), classifications (Burkhart, Krumeich, Werth, & Loos, 2011;
Timmers, 1998) evaluations, dimensions and frameworks (Al-Debei & Avison, 2010;
Osterwalder, 2004) grew. A variety of concepts and frameworks were introduced to capture
and initiate BMs, differing in extent and depth. Among them are Timmers’ (1998) three step-
approach, Morris et al.’s (2006) six-core component, Osterwalder and Pigneur’s (2011) nine-
component BM canvas and Gassmann et al.’s (2014) St. Gallener Business Navigator

methodology.

Business Model Innovation
BM innovation, on the other hand, is a relatively recent object of research and adds an
element of novelty that can reconfigure and define a company’s core business logically and

structurally, or create an entire new market, e.g. Facebook or Cirque du Soleil (Bucherer et
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al., 2012; Freiling, 2015; Spieth et al., 2014). Chesbrough (2010) reasons that BM innovation
“requires significant trial and error, and quite a bit of adaptation ex post” (p. 356). Though
authors promote this entrepreneurial way (Gtlinzel-Jensen & Holm, 2015; Sosna, Trevinyo-
Rodriguez, & Velamuri, 2010), the application of suitable frameworks and methods could
minimise development costs and accelerate time-to-market (Giinzel-Jensen & Holm, 2015;
Reim et al., 2017). What is suitable and applicable depends on the respective business case

and market, but research indicates that more theoretical constructs and empirical cases are

needed (Bucherer et al., 2012; Foss & Saebi, 2017; Spieth et al., 2014).

Digital Automotive Business Models

Digitalisation, and consequently DT, causes several types of BM changes. OEMs
strategically shift “from delivering only a product (the vehicle), towards delivering also a
service (mobility)” (Hanelt et al., 2015, p. 1321). In this context, the importance placed by a
customer on the vehicle as a status symbol decreases and shared mobility services are
welcomed as an alternative. Consequently, the relation between the OEM and its customers
has changed as the predominant ownership revenue model of one car belonging to one
customer has been enhanced by pay-per-use BMs, “leading to an n:n type of relationship”
(Hanelt et al., 2015, p. 1321). The portfolio of digital automotive services is expected to
increase: new strategic alliances are being built up, and start-ups, e.g. in the sector of
connected vehicles, are considered a promising possibility for investments (Kaiser et al.,

2017).

Table 9: Business model enhancement

The provision of digital automotive service requires OEMs to enhance and innovate upon

their current BM portfolio within a connected vehicle environment (Chanias & Hess,

2016)

With the decision to become a digital automotive service provider, an OEM’s strategy
changes. As in the physical world, OEMs need to focus on finding potential network partners
(Riasanow et a., 2017), while also concentrating on building open ecosystems and multi-
sided BMs (Mele & Polese, 2011; Tian et al., 2016). When automotive manufacturers offer
product-related digital services themselves, they have “enter[ed] the digital world” (Hanelt
et al., 2015, p. 1322).

Generally, Kaiser et al. (2017, p. 6) identified three approaches regarding digital automotive

service offerings: “Brand dependent assistance services [...], Brand-independent apps and
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services [...], and strategic alliances of vehicle manufacturers with ICT firms.” To provision
these service offerings, OEM’s have to enhance and innovate upon their current BM
portfolio within a digitalised vehicle environment (Chanias & Hess, 2016). A first attempt
by the German automotive industry in the early 2000s to provide services to gain competitive
advantages over other manufacturers failed (Hoffmann & Leimeister, 2011), as the services
did not fulfil customers’ expectations among other things (Werder, 2005). Those experiences
and additional research indicate (Chanias & Hess, 2016) that OEMs have difficulties

concepting digital services that customers desire and want (Piccinini et al., 2015).

2.2.3 Research Gaps and Service Conception Obstacles

While the SDL has been fundamental for the understanding of the service provision, the role
of the customer and its market consequences (Kuzgun & Asugman, 2015; Lusch & Vargo,
2014), the concepts still “lack the strategic, functional and tactical directions for
organisations to apply” them (Gaiardelli et al., 2015, p. 1165). Most organisational and BM
research studies focus on the adding of particular services rather than the transformational
process (Gaiardelli et al., 2015; Kuzgun & Asugman, 2015). Furthermore, organisations find
it hard to cope with the transformation towards a greater service provision, as the transition
eventually causes higher costs and does not bring the expected results (Cavalieri & Pezzotta,
2012).

Research presumes that one of the biggest obstacles in the process of service transformation
is a change in mindset from merely exchanging a produced good towards offering an
integrated solution and thus delivering value-in-use (Baines et al., 2007; Kowalkowski et al.,
2017). To do so, the creation of value has to be seen out of a customer-oriented perspective,
representing a great challenge for manufacturing firms as their business logic tends to focus
on product-based thinking (Capon & Senn, 2017).

No framework or method makes the claim of being an all-encompassing approach. Beuren
et al. (2013) note that experience and knowledge regarding PSS BMs is small and not
sufficiently exchanged between business and academia. As Veit et al. (2014) points out, so
far BM concepts have only taken generic aspects into account, without considering industry
specifics (Veit et al., 2014) and research in the field of innovating BMs provides many
opportunities as it is of present relevance (Spieth et al., 2014). Companies have a demand
for assistance in the transformation of BMs (Foss & Saebi, 2017) and further research

support is necessary in giving implementation guidance (Massa, Tucci, & Afuah, 2017). In
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addition, there are few insights regarding digital automotive SSs, their composition and
relevant stakeholders.

There is a necessity for further research regarding the pro-active integration of customers in
BM methodologies (Veit et al., 2014) taking into account domain specific characteristics
(Capon & Senn, 2017). It is of crucial importance to gain a fundamental understanding of
the stakeholders and objects involved in value creation processes of automotive SSs
(Hoffmann & Leimeister, 2011). Methodologies that support and manage these transitional
processes still need to be researched (Beuren et al., 2013; Reim et al., 2017; Wallin, 2013).
An overview of the identified managerial obstacles and research gaps needing to be

addressed is given in Figure 7.

Managerial Obstacles ’ ’ Research Gaps
Modification and expansion of existing skills Pro-active integration of the customer’s role into
(Pagoropoulos et al., 2017; Paiola et al., 2013) BM methodologies and value-creation processes

. . . (Schumacher et al., 2018)
Need to build up IT capabilities (Wallin, 2013), digital

service competencies (Dremel et al., 2017) and Application of IT in the value creation for all
incorporating new ways of collaboration in value interest groups: content, management and structure of
creational processes (Lusch & Vargo, 2014) the BM (Veit et al., 2014)

Change from product-centric thinking to a Domain specific knowledge concerning SSs (Frost
customer-oriented view (Ng et al., 2012). and Lyons, 2017), SS design and implementation

. . (Massa et al., 2017; Hoffmann & Leimeister, 2011)
Management of all relevant elements during service

conceptualisation phase (Andreasen et al., 2015) Concepts on SDL “lack the strategic, functional and
tactical directions for organizations to apply”
(Gaiardelli et al., 2015, p. 1165)

Methodologies to manage and support transitional
processes to PSS (Reim et al., 2017)

Artefact 2
(Ch. 4)

Research on the conceptualisation and categorisation of automotive service systems with from a
customer-centric perspective

Figure 7: Overview research gaps and service conception obstacles

The research gap to investigate digital automotive service conception from a customer-

centric perspective is explored in study 2 (Chapter 4).
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2.3 From Linear Development to Continuous Innovation

2.3.1 Digital Innovation Demands Digital Transformation

Digitalisation leads to an increasing fusion of physical and virtual value creational aspects
(Hanelt et al., 2015). Increased flexibility and shorter reaction times to meet customer
demands are needed, and manufacturers must build up an extended portfolio of respective
capabilities (Berman, 2012). A major challenge for automotive companies is the necessity
to “operate and innovate like IT companies” and “make the car a central part of an ecosystem
that merges cyber-physical content and social networking, as well as agile processes for
development” (Tian et al., 2016, p. 6). Therefore, DT has great implications for OEMs
(Hildebrandt et al., 2015) as it changes the way in which value is created and captured (Collin
et al., 2015), demanding the adaptation of both their customer value proposition as well as
their business operations (Vendrell-Herrero et al., 2016).

Having defined a digital strategy and conceptualised digital services, manufacturers need to
align these initiatives, respectively adapting and implementing new processes that enable

fast and flexible digital product development, and ultimately, enable digital innovation (DI).

Digital Innovation

DI is the process of combining or enriching physical products and digital services to create
new products (Yoo et al., 2010; Lee & Berente, 2012). In this context, innovation is related
to the importance of the underlying architectures of IT artefacts which support or limit the
possibility of developing new IT artefacts as well as affecting the processes that help manage
innovation within companies. Even though DI is related to design processes, the concept can
be said to carry a broader perspective beyond as it is often “organized and effected within
the IT services function” (Kohli & Melville, 2018, p. 3). Besides innovation processes being
shaped by the organisation, innovation in turn might shape the organisation itself and provide
the possibility to design new BMs (Fichman et al., 2014).

There have been numerous investigations on innovation processes in IS research (Kohli &
Melville, 2018) and, in particular, DI. Research in DI has examined the creation of new BMs
(Fichman et al., 2014), the specific nature of digital technology with its impact on society
(Yoo et al., 2010), infrastructural connections (Henfridsson & Bygstad, 2013), the
combination of physical and digital components (Hylving & Schultze, 2013), changes in
product development capabilities (Henfridsson et al., 2014), and innovation ecosystems
(Piccinini et al., 2015).

An important driver of DI is an organisation’s competitive environment (Kohli & Melville,

2018) and implementing respective actions involves several organisational changes. Change
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must be understood as “a complex, nonlinear process within organisation fields with
feedback loops and unanticipated outcomes” of people and technology (Kohli & Melville,
2018, p. 10). When examining these phenomena, one must look beyond the organisation and
include cultural and national contexts as identical technologies can have significantly

disparate effects in different environments and organisations (Kohli & Melville, 2018).

Digital Transformation

For manufacturers to be able to digitally innovate they must organisationally implement
digital technologies with the objective of generating novel value-creating activities
(Bounfour, 2016), referred to as DT (Gimpel & Roglinger, 2015). DT thus reflects the effects
of digitalisation and its technological adoption along an organisation’s value chain (Collin
et al., 2015; Khan, 2016; Westerman, Bonnet, & McAfee, 2014). Although a universally
accepted definition of DT does not exist (Ferreira, Moreira, & Seruca, 2017), it generally
refers to the usage and adaptation of digital technologies to enable value creating activities
within and around an organisation (Bounfour, 2016; Gimpel & Roglinger, 2015). By
drawing on applied management literature, Hanelt et al. (2015) define DT as the application
of new digital technologies aiming at significant business improvements within
organisations.

In many studies, DT has been investigated alongside other topics with regards to various
dimensions (Bounfour, 2016), business strategic aspects (Bharadwaj, El Sawy, Pavlou, &
Venkatraman, 2013; Hess, Matt, Benlian, & Wiesbock, 2016), driving factors ( Chanias &
Hess, 2016; Gimpel & Roglinger, 2015) and implementation processes (Dremel, Herterich,
Wulf, Waizmann, & Brenner, 2017)).

To be successful in the process of DT, companies must address two complementary goals at
the same time: redesigning customer value propositions and simultaneously transforming
their operations using new, digital technologies (Berman, 2012). After surveying over 50
companies among different sectors and customer foci, Gimpel and Roglinger (2015) defined
more specifically the fields of action for executing a company’s DT: the customer, the
accrued data, the transformation of the value proposition, the organisation, a firm’s operation
activities, and its transformation management. In addition, appropriate governance and
collaboration mechanisms throughout the organisation need to be set-up. These studies
demonstrate that DT is a complex venture that “affects many or all segments within a
company” (Hess et al., 2016, p. 2).

Generally, manufacturing companies recognize the need for DT and, in turn, many have

formed units in respect thereof (Chanias & Hess, 2016). Bermann (2012) proposes paths to
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DT and stages to reshape the customer value proposition. Similarly, Dremel et al. (2017)

describe how to establish big data analytic methods for an automotive OEM within its DT

venture on a strategic level, applying a three-stage model. Case studies on DT, such as Hess

et al. (2016), focus on the strategic transformation implications, but do not give guidance on

how to practically conduct specific tasks. Specific to the automotive industry, DT has been

researched by several authors, as Table 10 shows (Riasanow et al., 2017):

Table 10: Overview of automotive DT studies following Riasanow et al. (2017)

Authors Digital transformation in the automotive industry

Hanelt et al. = Examination of the impact of digital trends on automotive BMs

(2015) = [dentification of four types of BM changes: extension, revision,
termination, and creation

Hildebrandt et = Investigation of digital technology-related mergers and

al. (2015) acquisitions (M&As) as an external knowledge integration
(Henfridsson & Lind, 2014) and the changing, as well as
emergence, of DEs

Piccinini et al. = [Investigation of DT challenges by conducting a Delphi study with

(2015) industry experts of the automotive industry

Chanias and = (ase study of the formation of strategies due do DT applying the

Hess (2016) activity-based process model

= Identification of the starting point of DT: a variety of bottom up

processes is more important than a single strategic planning
process at the management level

Remane et al. = [dentification of 27 different BM types clustering in: creator,

(2016) distributor, landlord, and broker

Piccinini et al. (2015) identified the eight DT aspects OEMs ought to consider during their

DT process, as shown in Figure 8.



Background 35

Automotive DT Aspects

= Strive for better interaction of physical
infrastructures (transportation) with digital
Digital infrastructures (connectivity)

Ecosystem

= Balance agility vs. stability: short lifecycle of
digital innovation vs. long lifecycle of product
innovation Digital

Ambidexterity

= Balance short-term vs. long-term: investments
in dig. technology vs. business strategy

= Build up new partnerships with different
ecosystem players to set up new BMs

= Develop the ability to react flexibly to changing = Guarantee IT security within the process of

consumer expectations Digital Digital implementing digital technologies

» Make IT know-how an integral part of organ. Knowledge Innovation = Cope with unresolved legal and regulatory issues
processes and expand the staff with digitally Integration Constraints as well as regional constraints regarding digital
competent employees innovation

= Rethink the role of IT inside the organization = Pay attention to the interface design to enable a

and exploit new IT-possibilities Digital seamless customer experience and fulfil
+ Support the development of a digital mindset and . ’I‘l‘at_:lszor- Product respective expectations
update governance and incentive structures LILL) Innovation = Balance providing digital content and services
while considering cost efficiency, safety, security
+ Adopt agile methods in software development + Reassess one’s own role and way of value-
» Convince others of adapting a start-up mentality 9.9 creaAth: frorp vehicle manufacturers to mobility
: : : oy - Digital BM services providers
(fail often, fail early, trial and error) Digital Agility .
Innovation + Transform the value creational structure to
gain greater agility and exploit possibilities of DI

Figure 8: DT aspects for OEMs to consider following Piccinini et al. (2015)

An important DT aspect identified by Piccinini et al. (2015) is to set up a digitally agile
organisation, i.e., the implementation of agile methods into the software development

method.

Agile Software Development

As digital products and services have become more individualised and fragmented into
smaller features (Olsson et al., 2012), the demands software development projects need to
meet have changed too. Flexibility, incremental releases and development speed, i.e. the
reduction of a product’s time to market, are primary project requirements and are a necessary
precondition to stay competitive (Al Alam et al., 2016). To meet flexible and fast product
delivery, more and more large companies adopt agile development methodologies
(Henriques & Tanner, 2017) replacing the predominant traditional ones, such as the waterfall
procedure, as they are not suited for fast requirement changes (Kotaiah & Khalil, 2017). To
specify agility, most researchers rely on the definition of the Agile Manifesto that is based
on a practitioner's experience (Hummel, 2014) and is comprised of four values and twelve
principles. The values are to favour “individuals and interactions over processes and tools”,
to produce “working software over comprehensive documentation”, to enable “customer
collaboration over contract negotiation” and to respond “to change over following a plan”

(Beck et al., 2001, p. 1).
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Agile development methodologies follow the primary principles of collaborative and lean
development, customer and stakeholder integration, and flexible response to change (Selleri
Silva et al., 2015). In adopting agile methods, organisations expect to raise productivity,
product and service quality, and accelerate their software development cycles (Dingseyr &
Lassenius, 2016). Since the conception of the agile manifesto in 2001 (Beck et al., 2001),
many researchers have investigated a number of agile software development methodologies,
such as eXtreme programming, Crystal, SCRUM and Feature Driven Development.
Generally, the agile development process iteratively goes through the multiple phases, i.e.
requirements definition, design, implementation, testing, review and completion (Kotaiah &
Khalil, 2017), by promoting small release cycles that continuously integrate both customers
into the development process (Hummel, 2014) and new code as soon as it is ready
(Abrahamsson, 2002). Software is developed lean and fast, following a minimal viable
product (MVP) approach, thus allowing growth incrementally over time.

Research so far has mainly centred on success factors for agile development projects
(Ambler, 2014), maturity models, adoption frameworks (Fontana, Meyer, Reinehr, &
Malucelli, 2015), organisational issues (livari & Iivari, 2011), and people (McHugh,
Conboy, & Lang, 2012; Henriques & Tanner, 2017). Agile development methodologies
emphasise continuous product delivery, enabled by continuously integrating code during
development (Dingseyr & Lassenius, 2016). The objective of continuous delivery is to
constantly keep software in a releasable state. Therefore, organisations must in some way
automatize software building, deployment, testing and release processes (Humble & Farley,
2011). In addition, continuous delivery makes the adoption of cross-functional teams within
an organisation necessary. Teams are vertically structured and follow a DevOps approach,
taking an end-to-end responsibility for the product with software development and
operations being combined (Dingseyr et al., 2014). To instantly know if software is in a

releasable state, respective assessment processes have to be set-up accordingly.

2.3.2 Assessing Digital Products

Before a software product is released to the market or integrated into goods, assessing its
readiness is critical to ensure correct operations. Operational readiness refers to a concept
that attempts to quantify the “probability that, at any point in time, the system is ready to be
placed into operation on demand when used under stated conditions” (Kececioglu, 2003,
p.24). In the 1970s, the National Aeronautics and Space Administration (NASA) were the
first to develop a figure of merit to systematically and effectively assess and document the

maturity of novel technologies by introducing nine Technology Readiness Levels (TRL)
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(Papafotiou, Demetriades, & Agelidis, 2016). These TRLs are applicable towards both
hardware and software environments, ranging from the initial observation of basic principles
to final product operations (Mankins, 2009). NASA (2015) defines a software at the final
readiness level if it is debugged, fully integrated with all operational software systems, has
complete documentation, and has proven to operate successfully in the operational
environment.

Subsequently, procedures to predict operational readiness have been investigated and
developed by researchers and practitioners in the form of software maturity (SM) (Mankins,
2009), release readiness (RR) (Al Alam et al., 2017) and software readiness (SR) (Asthana
& Olivieri, 2009). All these research streams examine the assessment of software by certain
criteria in order to support the decision between releasing software in a timely manner (Quabh,
2009). The division among them is blurry as the definitions for RR (Al Alam et al., 2016),
SM (Schaefer, 2009) and SR (Olivieri, 2012) are not well-defined, and the terms “maturity”
and “readiness” are often used synonymously (Gove & Uzdzinski, 2013).

Typically, SRA are conducted at several points during a software’s life cycle and, depending
on the organisation, can be either a small task or an extensive, highly formal process that
involves external peer reviewers. However, assessing technologies poses various
organisational and methodological challenges, from choosing the right metrics to ensuring
and achieving the right technology level across multiple systems (Mankins, 2009). All
technologies that are implemented and applied are eventually evaluated to at maturity,
however, as Mankins (2009, p. 1221) points out, “in almost all cases, the end of last ‘bug
fixing’ aspects of true ‘system development’ do not occur until an actual system is first
deployed” and the product is operational.

The purpose of SRA methods is to identify a discrepancy which will be resolved by
subsequent improvement actions (Mettler, 2011; Pfeffer & Sutton, 1999). Common
approaches to assess SR are checklists, industry standards and academically developed
methodologies (Asthana & Olivieri, 2009). Since Gibson and Nolan (1974) first introduced
a four stage maturity model, (Gibson & Nolan, 1974) many more assessment models have
been developed over the years: the capability maturity model (CMM) (Paulk, Curtis,
Chrissis, & Weber, 1993), the ISO/IEC 15504 norm or SPICE (software process
improvement and capability determination), BOOTSTRAP (Kuvaja & Bicego, 1994),
Model-driven Development (MDD) Maturity Model (Hutchison et al., 2006), and the IT
Capability Model Framework (IT-CMF) (Curley & Kenneally, 2012) to name a few.
Deciding the readiness of software makes it necessary to continuously perform standardised

methods of measurement (Al Alam et al., 2017). Often these decisions, derived from
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successful projects or experience-based in a sense of “good practice” (Mettler 2011, p. 82),
are subject to a “key informant bias”. Therefore, applying software maturity assessment
models alone is not a guarantee that an organisation will be successful.

Despite the undertaken standardisation efforts, assessing SR remains a highly individual task
for any organisation, requiring future research on the subject as indicated in the current state
of the art analysis by Proen¢a and Borbinha (2016). Further investigation on how methods
can be used and applied to existing maturity assessment methods, that is, the existing
operations infrastructure of an organisation, is needed. The models are highly complex and
specialised, which is why majority of the information gathering tasks are still carried out
manually (Proenca & Borbinha, 2016). Research on assessing SR is ongoing and as Mettler
(2011) points out, many models do not contain sufficient information on how to effectively
carry out assessment processes. As software development methodologies shift towards agile,

SRA procedures have to transition as well.

2.3.3 Research Gaps and Implementation Obstacles

So far, a clear “misalignment between demands in the marketplace and organisational
capabilities” of companies has been witnessed (Kohli & Melville, 2018, p. 1). Though
innovations in digital technologies presses organisations towards adapting their BM, surveys
illustrate that many organisations are not yet ready to answer these trends (Kane, Palmer,
Phillips, Kiron, & Buckley, 2015).

As DI shows unique characteristics, managing the process of DI is significantly different
from managing traditional IT (Piccinini et al., 2015). Piccinini et al. (2015) demonstrate how
automotive organisations and their work processes are challenged by changes on the BM
and ecosystem levels: “Structures, mindsets and methods known from the IT industries must
be implemented in organisations that have developed fixed rules, assumptions and
procedures for over a century now. What becomes apparent are the spillovers from the digital
to the physical world” (p. 14), for example: using agile methodologies or thinking in
platforms and ecosystems.

Though many researchers, such as Henfridsson et al. (2014), Hylving and Schultze (2013),
and Seeger and Bick (2013), have already examined the automotive industry, research gaps
still exist, especially regarding managerial challenges related to DT (Piccinini et al., 2015).
The challenges automotive manufacturers face “represent a major deviation from their
traditional business and the capabilities necessary to conduct it (Henfridsson et al. 2009)”
(Piccinini et al., 2015, p. 5). Further research is needed on the DT “of primarily physical
industries, whose products cannot be completely digitized” (Hanelt et al., 2015, p.1313),
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such as the automotive industry. Concerning the current DT processes in the automotive
industry, Riasanow et al. (2017, p. 3194) notes the necessity of a “detailed actor-to-actor
analysis”, criticising that current studies focus exclusively on organisations’ BMs.
Generally, manufacturers recognize the need for DT and many automotive OEMs formed
DT units in respect thereof, as a survey of Chanias and Hess (2016) indicates. Despite this,
OEMs are especially challenged by the efforts to execute the shift from product-centric to
customer-centric structures as several studies point out (Baines et al., 2009; Beuren et al.,
2013; Chanias & Hess, 2016; Reim et al., 2017).

To achieve setting up innovative operations and agile development processes, OEMs have
to align and integrate their IT infrastructure to the requirements of its DT processes (Gimpel
& Roglinger, 2015). In this regard, digital products need to be assessed quickly and
continuously to support effective decision-making (Nierstrasz & Lungu, 2012), necessitating
transitioned operational procedures (Vendrell-Herrero et al., 2016). Further, intelligent
processes that enable product development speed, which is the reduction of its time to
market, are a prerequisite to stay competitive. Processing IT projects in accordance to these
requirements poses difficulties to OEMs as their current structures impede the efficient
operational handling of them (Riasanow et al., 2017).

Scientific research has so far mainly focused on detecting DT challenges and necessary fields
of action for a successful implementation and management of the according processes. But,
as Wallin (2013) and Reim et al. (2017) indicate, tools and methodologies that guide an
organisation on how to address these specific fields are scarce. Further, empirical studies on
how to transform software assessment processes within an operational organisation do not
exist, as applicable processes cannot be developed on a blank canvas and must fit in the
existing business environment. Nierstrasz and Lungu (2012) call out for a separate agile
software assessment discipline, examining tools and techniques to provide software
developers with methods for integrating analysis tools into their daily work. These new tools
will be characterised by customizability for flexible analyses, the ability to capture and
exploit the organisational context, as well as the continuous advancement of a software and
its context.

An overview of the identified managerial obstacles and research gaps needing to be

addressed is provided in Figure 9.
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Managerial Obstacles ’ ’ Research Gaps

Higher flexibility and shorter reaction times to meet
customer demands (Vendrell-Herrero et al., 2016)

Alignment of IT infrastructure to agile processes
(Gimpel & Roglinger, 2015)

Missing organizational capabilities (Kohli &
Melville, 2018)

Lack of management clarity on DT implications
(Hess et al.; 2016)

Consideration of IT processes as subordinate to
business processes (Kahre, Hoffmann, & Ahlemann,
2017)

Problems in adapting to unique DT processes as
firms are merely relying on their competencies in
managing traditional IT and fall back on traditional
mindsets (Piccinini et al., 2015)

Include organizational routines and practices in
solution design (Kohli & Melville, 2018)

Managerial challenges regarding processes of DT
(Piccinini et al., 2015)

Necessity of a detailed actor-to-actor analysis in the
automotive industry (Riasanow et al., 2017)

Tools and methodologies to guide companies in DT
implementation processes (Reim et al., 2017; Wallin,
2013; Bounfour, 2016)

Empirical studies on how to transform software
assessment processes within an operational
organization (Hess et al., 2016)

Methods for an agile software readiness assessment
(Al Alam et al., 2017)

Artefact 3
(Ch. 5)

Empirical research on the transformation of software readiness assessment processes to suit agile
development methodologies within an existing operational infrastructure

Figure 9: Overview of research gaps and implementation obstacles

The research gap of empirically investigating the transformation of backend processes to suit
agile development methodologies within an existing operational infrastructure is explored
in studies 3 and 4 (Chapter 5).

Manufacturers struggle to adapt their internal operations to the requirements DT demands of
them, especially to provide an integrated IT infrastructure that enables collaborative, fast and
flexible product development (Gimpel & Roglinger, 2015). Hence, the lack of applicable

studies suggests the need for both empirical and methodological investigations on DT.
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3.2 Summary

This study proposes and validates a layered conceptual model of a DE for the automotive
industry by categorizing the necessary elements and stakeholders involved. A structure of a
digital automotive ecosystem (DAE) is presented that was practically motivated as part of
an empirical investigation of an OEM that already had intentions of setting up a solution.
The DAE is a conceptual model consisting of hierarchical, interconnected layers within a
dynamic network structure.

This research aims to look at the strategic objective of DT paths and investigates RQ1: How
can a digital automotive ecosystem be represented and what are its essential elements and

underlying topology?

The necessity to provide a conceptual model of a DAE arose through an empirical study with
a German OEM that introduced MS architectures during a DT effort to enable fast digital
product development. Platforms are the intermediary step for these organisations to build,
manage and maintain DEs, as is the case with the OEM partner. The organisation struggled
to initiate activities as the structure and modelling of DEs is unclear.

In this study, an action design research framework was applied, partnering with the OEM’s
advisory organisation for setting up a DE (Sein, Henfridsson, Purao, Rossi, & Lindgren,
2011). For the model’s development, 26 semi-structured interviews were conducted (Myers
& Newman, 2007) and qualitatively analysed (Mayring, 2014) to derive structural elements.
The interviewees were purposefully sampled and are experts in their field from 14 different
organisations (Palinkas et al., 2015). 471 pages of transcripted data was collected, iteratively
coded and categorised (Saldana, 2016) supported by software following a constructivist
grounded theory approach (Charmaz, 2014) until meaningful elements could be derived
(Given, 2008). By conceptually modeling a use case scenario in UML (Olivé, 2007) and
developing a conceptual architecture, a minimum viable model (MVM) of the DAE was
created and iteratively advanced over multiple evaluation cycles and through a practical

workshop (Venable et al., 2016).

The DAE provides an ecosystem like structure with architectural layers that distinguish
between backend and customer-facing, frontend structures as demonstrated in Figure 10. All
layers are interconnected and the interfaces, mainly API services, are managed by the

respective managing unit.
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Figure 10: Conceptual architecture of the DE elements

The layered conceptual model (Figure 11) provides a more complete understanding of the
DE concept upon which management can scope and define commercial fields of action. The
results demonstrate that a multitude of platforms make up each ecosystem layer and can be
comprised of a variety of these expressions. The structure shows that vehicles are channels
for accessing the customer’s DE, as are mobile devices. Though a necessary part, vehicles
are not the centre of the automotive ecosystem, the customers who engage in a multitude of
ecosystems throughout their daily journeys, are.
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Figure 11: The Digital Automotive Ecosystem model
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The DAE strengthens the notion of DEs being environments of collaboration and partner
integration (Adner, 2017; Gomes, Facin, Salerno, & Ikenami, 2016). Further, the model
draws attention to the crucial role of quality gatekeepers both on a content and technical
level.

The artefact is perceived to be rather useful on a strategic dimension rather than operational.
It provides a communication instrument for decision makers organizing and structuring this
complex domain. The workshop’s findings suggest that the DAE is useful for manufacturing
organisations in a broader scheme as well. Further, the DAE was found to be a beneficial
instrument in shaping and defining service journeys from the customer’s specific demand to
the configuration of necessary backend operations.

Appendix A, B, C provide the interview guideline, the denomination and distribution of
elements and concepts, as well as the denomination and distribution of stakeholders in the

DAE.
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Abstract

Digitization leads to collaborative networks and the formation of digital ecosystems (DEs).
Manufacturers are in the process of enhancing their value propositions in the digital sphere
and setting up DEs themselves. Many organizations aspiring to become participants or
leaders of DEs struggle to initiate activities as the structure and modelling of DEs is unclear.
Compared to their practical importance, research on the topology of DEs is not
comprehensive and practical insights that support the scoping and design of these
environments is few. In this article we propose and validate a layered conceptual model of a
DE for the automotive industry. Following an action design research approach, an artefact
is developed by conducting and qualitatively analysing 26 expert interviews from different
organizations, followed by conceptually modelling the structure and its visual representation
within the context of an original equipment manufacturer’s digital transformation program
(OEM). This research leads to novel insights on how DEs are structured and efficiently
displays elements, stakeholders and their interdependent relations. Our findings suggest a
conceptual model leads to more clarity about DEs and supports decision makers on a

strategic level, but does not provide operational implementation guidance.

Keywords: Digital ecosystem, Digital transformation, Digital services, Automotive industry,

Conceptual model, Action design research
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1 Introduction

Digitization enables manufacturing industries to transform their products towards digital
service offerings. Digital services are seen to be complementary ways that not only deliver
value but also create and maintain competitive advantages (Schatton, & Bauernhansl, 2016).
Providing these services leads to a “more-connected future of digital ecosystems” (DE)
(Weill & Woerner, 2015, p. 27), which is an environment of interconnected stakeholders
that mutually rely on each other (Peltoniemi & Vuori, 2008) and work synergistically to
offer customer value (Tan, Pan, Lu, & Huang, 2015). Various organizations are converging
towards one another since mutual interactions gain importance (Paulus-Rohmer et al., 2016),
as a case of Apple illustrates, which successfully integrated digital services and tethered
partners to maintain a powerful position in an otherwise commoditized hardware market.
In the manufacturing industry, many firms have already set up business ecosystems and aim
to extend this strategy to digital fields of action in the course of their digital transformation
(Hess, Matt, Benlian, & Wiesbock, 2016). Respectively, they are in the process of or have
developed digital platforms (DPs) (Schweiger, Nagel, Bohm, & Krcmar, 2016) around
which they intend to establish DEs (Bilgeri, Wortmann, & Fleisch, 2017).

However, building a digital ecosystem challenges manufacturers in multiple aspects as
adopting digital technologies for an integrated service delivery ultimately alters the
organization’s value creational activities and strategic information technology (IT)
objectives (Bilgeri et al., 2017). The complexity of these arrangements is increasing, and
integrated empirical studies demand the investigation of stakeholder networks (Tilson,
Lyytinen, & Serensen, 2010), their composition, and their structural interaction (Reuver,
Serensen, & Basole, 2017). Compared to their importance in practice, research on the
topological structure of DEs is not comprehensive and practical insights are scant as there is
still a lack of clarity on specifications, scoping and design within practitioner and academic
discourse (Serensen, Reuver, & Basole, 2015).

The goal of this research is to develop a conceptual model of a digital ecosystem formulating
the concepts, technical elements and stakeholders applicable to the automotive industry. A
conceptual model helps to gain a better understanding of DEs, their forming entities and
relational connections (Olivé, 2007). Industries such as trading and services have already
experienced digitization developments, and now manufacturing industries are facing the
same challenge, with the automotive industry being a prominent representative of this
change. The artifact shall assist original equipment manufacturers (OEMs) with scoping and
designing DEs by providing a topological visualization. Based on the preliminary studies we

therefore investigate the following research questions:
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RQ: How can a digital automotive ecosystem be designed and what are its essential

elements and underlying topology?

We investigate the research questions following an action design research approach,
interviewing 26 experts from different types of businesses about the digital transformation
of automotive OEMs to digital solution providers and qualitatively analysing them. The
automotive industry is well-suited for applying this study as OEMs undergo digital
transformation processes and have already established IT departments and legacy systems.
Many of them are in the process of building DEs and are heavily expanding their IT business
activities.

The remainder of this paper is structured as follows. Section 2 provides background
information on digital transformation and DEs, substantiating the motivated research gap.
Section 3 presents the action design research approach and respectively gives an overview
of the applied methods for each step in the research process. Section 4 outlines the artifact’s
development process, provides the qualitative analyses of the interviews and the evaluated
approach. In section 5 we discuss the scientific and managerial implications of the

investigation and conclude the article in section 6.

2 Background

2.1 Digital Transformation towards Digital Ecosystems

Digital transformation generally refers to the usage and adaptation of digital technologies to
enable value creating activities within and around an organization (Gimpel & Roglinger,
2015; Bounfour, 2016). In order for companies to succeed in their digital transformations,
they have to reshape customer value propositions and transform their operations (Berman,
2012). Reshaping a company’s value proposition can be approached through various paths,
such as the stages presented by Berman (2012): (1) Enhance, i.e. enriching physical products
or services with information and digital content. (2) Extend, i.e. applying the former
enrichments in developing new revenue streams. And, (3) redefine, i.e. replacing physical
value with a digital one, or by generating value and revenue based on fully integrated
digital/physical products and/or services. After surveying over 50 companies among
different sectors and customer foci, Gimpel and Roglinger (2015) specifically defined the
fields of action for executing a company’s digital transformation: the customer, the accrued

data, the transformation of the value proposition, the organization, a firm’s operational
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activities, and its transformation management. The scope and complexity of these fields
demand a sophisticated solution in order to handle and redefine value propositions towards
fully integrated physical-service offerings. Even though research on digital transformation
is ongoing, so far only a few organizations have managed to provide integrated offerings
consisting of physical products and digital services (Bilgeri et al., 2017).

The automotive industry is one of the most apparent manufacturing industries where digital
transformation is changing the predominant way of value creation through physical objects.
The emergence of new digital technologies and innovative services threaten incumbent
market participants (Gao & Zhang, 2016) by offering DPs such as UBER, Android Car and
ZipCar with the potential to evolve into DEs (Riasanow, Galic, & Bohm, 2017). Due to
rising market competition OEMs must align their strategic business activities to these altered
competitive conditions in which more customer-centric solutions are provided and
predominant value networks are defined (Matt, Hess, & Benlian, 2015; Gao & Zhang, 2016;
Riasanow et al., 2017). This evolution challenges OEMs that intend to digitally operate and
innovate like IT companies and create integrated products merging digital content,
networking and agile development processes (Tian et al., 2016, p. 6). OEMs have difficulties
integrating physical and digital infrastructures that align with the objectives of identifying
novel cross-industry structures and building up complementary partnerships that ultimately
result in the creation of new business models and digital value (Piccinini, Hanelt, Gregory,
& Kolbe, 2015). A promising strategy is the establishment of digital services based on an
ecosystem approach (Reuver et al., 2017; Altman & Tushmann, 2017).

Shifting towards DEs creates new options of doing business and provides higher revenue
growth and profit margin potential than that of their competitors as indicated by empirical
investigations (Weill & Woerner, 2015). At the same time, operating costs can be reduced
with better customer experiences being made available (Tan et al., 2015, p. 263).
Additionally, organizations that pursue these strategies become more open (Boudreau,
2010), engage in interdependent relationships outside of their organizational boundaries
(Thompson, 1967; Kleinbaum & Tushmann, 2007) and pursue co-opetition business models
(Brandenburger & Nalebuff, 1996; Altman & Tushmann, 2017).

OEMs are pursuing the establishment of vehicles as the carriers of digital services and the
focal point of the ecosystem (Dremel, Herterich, Wulf, Waizmann, & Brenner, 2017).
Strategically, OEMs and ICT competitors are particularly interested in exploiting the
vehicle’s data and becoming data providers, initiating a “battle on setting up a successful car
data-service-ecosystem,” as Kaiser et al. remark (2017, p. 348). So far, OEMs have failed to

establish DEs themselves. Initiatives have been fragmented and do not allow for brand-
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independent data life cycles (Kaiser et al., 2017). Additionally, few ideas exist on how to

profitably utilize anonymized car data for digital services (Kaiser et al., 2017).

2.2 The Concept of Digital Ecosystems and Platforms

The concept of DEs is adapted from research on business ecosystems (Saleh & Abel, 2016)
being described as a network of stakeholders, such as suppliers, distributors, outsourcing
firms, technology providers, and many other organizations (Iansiti & Levien, 2004, p. 68),
affecting and being affected by their own value propositions. These synergetic networks are
characterized by dynamic structures of interconnected organizations that mutually depend
on each other (Peltoniemi & Vuori, 2008). Boley and Chang (2007) define a DE “as an open,
loosely coupled, domain clustered, demand-driven, self-organizing agent environment,
where each agent of each species is proactive and responsive regarding its own benefit [...]
but is also responsible to its system” (p. 399). In this regard, a DE is a self-organizing, open
community without permanent, centrally exercised control for a single behavior (Boley &
Chang, 2007) and can be distinguished through both technological and organizational points
of view (Reuver et al., 2017). Differing from biological and social ecosystems, DEs remove
geographic limitations and offer instruments for collaboration across systems as they are not
hindered by physical barriers. Their elasticity allows overlapping with other ecosystems as
a single system, capturing the benefits of collaborating with other entities (Boley & Chang,
2007).

In order to participate in or create a DE, organizations often establish platforms first and
strategically develop them into an ecosystem consisting of several entities (Tan et al., 2015,
p. 263). DPs have experienced an emerging interest in information systems research due to
their transformational power leading to changes in communication and client-provider-
interaction (Spagnoletti, Resca, & Lee, 2015), developments in inter-organizational relations
(Ghazawneh & Henfridsson, 2013; Eaton, Elaluf-Calderwood, Serensen, & Yoo, 2015) and
adaptations from monolithic system architectures to modular DPs (Tiwana, Konsynski, &
Bush, 2010).

A DP is an expandable software system, which provides core features that are shared by the
components and interfaces which interact with it (Tiwana et al., 2010, p. 675). Platform
approaches influence businesses, networks and even collaboration and competition
dynamics, thus, having the potential to transform entire economies (Gawer & Cusumano,
2002; Parker, van Alstyne, & Choudary, 2017; Reuver et al., 2017). DPs are just as complex
as the objects they handle resulting from the foundation of sub-systems, platforms and

infrastructures (Evans & Basole, 2016; Reuver et al., 2017), such as hardware, operating



Artefact 1: Digital Automotive Ecosystems 50

systems, apps and browsers (Pon, Seppild, & Kenney, 2014), and their distributed
characteristics (Henfridsson, Mathiassen, & Svahn, 2014). It is likely that the number of
mobile platforms and ecosystems will grow (Serensen et al., 2015), and DE arrangements
will become more complex (Bilgeri et al., 2017).

DEs and platforms are closely interconnected and some researchers even use the terms
synonymously (Reuver et al., 2017). Both platforms and ecosystems are based on
interrelations of individually acting stakeholders that could be cooperating and competing
on different fields at the same time (Gawer & Cusumano, 2002; Thomas, Autio, & Gann,
2014). Following Uludag, Hefele, & Matthes (2016), we regard platforms to be contributing
entities for the development of DEs. Within an ecosystem, different platforms can compete
against each other such as when service providers use multiple platforms for their service

offerings, e.g. i0S and Android (Reuver et al., 2017).

2.3 Current Research on Digital Ecosystems

In literature, DEs have been researched with regard to various dimensions. Saleh, Abel, &
Misseri (2015) investigate the similarities between DEs and collaborative systems and
propose an ontology model that merges them conceptually. Therein the authors distinguish
between agents, species and the environment of interaction, but do not discuss necessary
technical elements. Investigating the dynamics between platform providers and application
developers within mobile ecosystems, Oh, Koh, & Raghunathan (2015) identify revenue-
sharing models to be a crucial success factors for leveraging a platform’s attractiveness.
Uludag et al. (2016) investigate governance principles for the establishment of mobility
platforms and their surrounding ecosystems by developing a framework for their systematic
description and analysis. They propose four strategies for successfully establishing DPs that
include network effects usage, retaining strategic platform decision rights, finding quality
control balance and providing comprehensive developer support. In addition, Uludag et al.
(2016) provide several terminological definitions that can be applied to the further
understanding of platform concepts and ecosystems.

Briscoe, Sadedin, and Wilde (2011) implement a DE by analogizing nature in the area of
distributed computing in order to better handle software and the complexities surrounding
its maintenance and development. Though mimicking biological ecosystems for the design
of DEs was experimentally confirmed as a successful strategy, the approach exposed
deviations, i.e. information-centric dynamically reconfigurable network topology and

species abundance, deemed as features unique to DEs.
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Trying to improve the understanding of social networks, user behaviors and system
interactions within complex DEs, Tang, Wu, Karhu, Himél&inen, & Ji (2010) developed an
ecosystem architecture for a ubiquitous living lab innovation platform consisting of multiple
layers and various roles. The authors provide us with clarifications on what constitutes DEs
and give an exemplary design manifestation.

Paulus-Rohmer et al. (2016) investigate the transformational path of manufacturers to
ecosystem participants and propose a roadmap of four-phases for consistent strategic
positioning: (1) analyze the current positioning, (2) target the intended positioning, (3)
realize the strategy and (4) implement changes. Similarly, Hadzic and Chang (2010) propose
a general five-step methodology for designing DEs using electronic medical records. Their
process involves defining roles and collaborations of digital actors, making them intelligent,
implementing security requirements, and iteratively improving the overall design by
providing additional services for digital actors. The authors conclude the artifact as being an
initial practical step towards the design of DEs and emphasize the incorporation of further
works as a greater understanding is attained.

Tan et al. (2015) empirically investigated the development and deployment of DEs and its
effects by means of an online marketplace following a multi-sided platform approach
focusing on IT capabilities. The authors develop a three-step capability process model and
provide insights into the respective strategic orientation, but do not comment on how to
shape an ecosystem or develop its structure. Within the manufacturing industry Hu, Huang,
Zeng, & Zhang (2016) conducted a case study of a custom-suit company that is in the process
of building a DE, highlighting the importance of institutional entrepreneurship. The case
illustrates the building of a DE as being characteristic of a co-evolutionary process during
which organizations simultaneously follow competitive and cooperative business strategies.
Interviewing 16 experts across the Internet of Things (IoT) ecosystem, Bilgeri et al. (2017)
identify six organization-critical issues regarding digital transformation implications for
companies, mainly involving culture and structure. By means of a longitudinal case study,
Lindgren, Eriksson, & Lyytinen (2015) investigate the organizational dynamics that occur
when evolving from a public administrative organization towards a digital service provider
within a mobile ecosystem and identify a constant conflict between the old identity and the
aspiring new one.

DEs have been researched with regard to various dimensions and application domains, see
Table 1 below. So far, few studies have investigated what constitutes DEs and how to
compose essential elements (Paulus-Rohmer et al., 2016). Though, some studies address all

design dimensions and do propose procedural models or frameworks to implement or
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analyze DEs, they fall short in explaining its architecture and structural composition. Further,
no studies could be identified that provide conceptual models for OEMs to scope and

topologically plan DEs themselves.

Table 1: Concluding overview of research on DE structures

Topological design domains

Authors Application domain Structure Constructs Stakeholders Relation Structural Conceptual Model
(Bz(z)lg;)& Chang, no specific domain O . O O No
Q00 20 andmatie sopicaions. @ ® ® ® "
gi:i:.al.zo 0 Healthcare Industry . . O . :;?h—o[;uog;aglyEcosys(em Design
Zr;o;:;a etal., Distributed computing . . O . :::l;:z:l;:):::Ih:;;:‘genls.
(B;(]gf;)el al., General Intemet-of-Things O O O . No
;Szzl::)el al., Online marketplace O . . . No
;I’2a0n1§l) al. Online marketplace . . . . No
:.zlré:gsr)en etal, Public transportation sector O O . . No
Hu et al,, 2016 Manufacturing industry No
O O ® O
2016) i a mobity relted. ® ® [ [ "
:la:livuzsz-(l;(?g;ner Manufacturing industry . . . . No

. adressed O not adressed

2.4 Reflection and Learning on the Design of Digital Ecosystem

After consolidating the literature, we identified a basic set of expressions with regard to its
structure, elements, stakeholders and relations for both querying the experts and for the
development of the conceptual model (see Figure 1). The investigation also revealed various
literature deficiencies. Despite the variety of research initiatives, there is still a lot of
ambiguity concerning the relations between DPs and ecosystems in academic and practical
debate. Compared to the industry importance of DEs, ongoing research is limited and
practical insights sourced from within case organizations is scant (Serensen et al., 2015).
Though some studies address methodologies or organizational frameworks, the development
process of DEs “remains elusive to many firms” (Hu et al., 2016, p. 498). Supporting
practitioner-oriented and empirical investigations on DE structures for manufacturing
industries are rare despite the claimed demands (Tilson et al., 2010; Bilgeri et al., 2017). A
recent systematic literature review on DPs and ecosystems suggests bolstering the
visualizations of the structure and dynamics of DEs, and establishes the importance of
determining “how to effectively describe the underlying structure and topology” of them

(Reuver et al., 2017, p. 8).
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Structure Constructs
Architecture platform layers: middle and service layer, top Digital platforms are central constructs (Bilgeri et al., 2015)
layer facing end-users, backend (Tang et al. 2010) Different types of organisational IT exist: traditional,

Collaboration and security aspects to be represented (Hadzic embedded, and digital IT (Bilgeri et al., 2015)
and Chang, 2010) Defining constructs are: platform, platform ecosystem, and
Information-centricity, a dynamically reconfigurable network (complementary) software applications (Uludag et al., 2016)

topology with an abundance of actors (Briscoe et al., 2011) Description of necessary ecosystem pieces analogising

Digital ecosystems can overlap with other ecosystems — biological ecosystems (Boley & Chang, 2007; Briscoe et al.
connection necessary (Boley & Chang, 2007) (2011)
Conceptual
Stakeholders Design Domains Relations

Exemplary players and roles are: end user, DE development entails relationship evolution and
digital actors, service developer, third party service providers identity dilemma (Lindgren et al., 2015)

(Tang et al. 2010; Hadzic and Chang, 2010) Reciprocal or mutual relationships between different players
Governance species as shaping ecosystem stakeholders, as an important design principle (Tang et al., 2010)

e.g. gatekeeping (Uludag et al., 2016) Relations are implementation barriers (Hadzic & Chang, 2010)

External relationship management is a crucial information
systems capability (Tan et al., 2015)

API-based communication (Uludag et al., 2016)

Figure 1: Empirically derived ecosystem elements and dimensions

3 Research Methodology

Information systems research is intended to improve the management and usage of IT
through the design and development of innovative artifacts (Hevner, March, Park, & Ram,
2004). Models, as part of the design science research output, are propositions or statements
which express relationships among elements (March & Smith, 1995) that in turn represent
concepts of a specific domain (Vaishanvi, Kuechler, Petter, & Stacie, 2017). Within this
research, we develop a conceptual model for a DE out of an OEM’s perspective. Since we
want to satisfy both a scientific knowledge contribution and to give practical guidance, we
follow the “Action Design Research” approach proposed by Sein, Henfridsson, Purao, Rossi,
& Lindgren (2011).

ADR focuses on the development, interference and evaluation of artifacts that reflect the
theoretical enabling and research intention, as well as the ongoing practical influence of
users in a specific context. The approach intends to overcome the shortcomings of many
existing design science methods that separate and sequence the design, development, and
evaluation phases, typically criticized as being too theory focused and too distant from actual
application cases and users (Sein et al., 2011). As can be observed from Figure 2, in applying
the ADR, we began by (1) formulating the problem, (2) / (3) collecting and analyzing data
for an initial artifact, then iteratively evaluating the elements, its architectural structure, and
relations. Subsequently, we (4) formalized our findings in a discussion about its general
validity. In the problem formulation phase, we practically perceived the problem and
identified the theoretical need for a structural conceptual DE model out of an OEM’s

perspective that addresses fundamental elements, representing relevant stakeholders and
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displaying hierarchical relations. Therefore, we systematically investigated the problem that
has been motivated and substantiated with literature (see section 2). In addition, we sourced

preparatory work on DEs and derived design principles to consider when modeling the

artifact.
, - - - - - - T-"-"-"-"-"-"-"-"-"-"-"-""-""-”""=”""”"¥°” ¥"¥°¥"°>¥>°¥°¥°F¥ =¥ °¥ =¥ /°>/¥ =¥ =¥ ==-=-====== S
/ . . . \
! 1. Problem Formulation 3. Reflection and Learning \
= Problem perception within a German OEM (section * Reflection and learning on the basis of
4.1) theoretic background (section 2)

= Literature research on digital transformation, digital

L ) = Reflection and learning after the intervie
platforms and digital ecosystems (section 2) ! g : lew

pretests (section 4.2)

1 = Reflection and learning based on the

- A q iterative design and evaluation cycles
2. Building, Intervention, Evaluation (section 4.4)

= 26 semi-structured interviews with industry and
science experts (section 4.2) (Myers, 2007)

Qualitative content analysis (section 4.3) (Mayring,
L 2014)

= Conceptual modelling (section 4.4) (Olivé, 2007)

e o o e = e —
—_—— e e = = — — — -

= Evaluation of the designed and refined artifact !
\ (section 4) (Sein et al., 2011; Venable et al., 2016) 4

4. Formalization of Learning

= Reflection on the research project's scientific and
managerial contributions (section 5)

Figure 2: Action Design Research framework adapted from Sein et al. (2011)

Next, we built, organizationally involved and evaluated the design of the artifact based on
the theoretical premises adopted from the problem formulation phase. Thus, the artifact was
iteratively shaped and reflected upon to increase the overall quality taking into consideration
the inclusion of stakeholders from different organizations. In doing so, building and
evaluating the artifact becomes an ongoing process with multiple iterations involving
researchers, practitioners and users. The interplay of the preliminary research design and the
continuous shaping by the interviewee’s feedback are essential ADR characteristics (Sein et
al., 2011). The initial evaluation of the artifact is formative, being refined by both anticipated
and unanticipated consequences, while the evaluation of later versions is summative in terms
of assessing the value and utility of the results. In addition, we conducted a workshop
applying the artifact in a real problem scenario with potential end users. Throughout the
building, intervention and evaluation phases we reciprocally adapted and formed the artifact
and concurrently evaluating it within an organizational context.

At the same time, we analyzed and reflected on the intervention results for each step and

built a rather abstract and conceptual understanding of the solution. Reflecting and learning
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is an ongoing process conducted in parallel to the first two stages to ensure a continuous
advancement and knowledge contribution (livari, 2003; Garud, Jain, & Tuertscher, 2008).

Finally, we abstracted the results of the structural DE investigation and discussed the
transferability of the results from the automotive industry to the manufacturing industry and
possibly beyond. We therefore propose DE design principles for manufacturing industries

and discuss future research opportunities.

4 Conceptualizing a Digital Automotive Ecosystem

4.1 Problem Formulation within the Automotive Domain

The notion of conceptually modelling a digital automotive ecosystem arose while conducting
an empirical study with a German OEM that introduced microservice architectures during a
digital transformation effort in order to enable fast digital product development. The OEM
is a public limited company with an annual turnover of over 50 billion Euros and over
100,000 employees. The OEM’s current revenue is majorly generated through vehicle
production and distribution that ranges from compact to luxury vehicles. In addition, the
OEM offers garage services, leasing businesses, and other ancillary services that are
connected to its physical ecosystem. Digital products are offered under the OEM’s brand via
established third-party platforms and through its own online store. The current portfolio of
digital products is small and is not yet integrated to enable seamless customer journeys
across the organization’s multiple channels. The OEM possesses few insights about its
customers’ digital life and how it is connected to its products. organizationally, the company
set up internal IT departments that execute administrative IT tasks and assumes ownership
of digital product development. Succeeding previous digitization programs, the OEM
intended to launch an initiative to introduce a DE with the objective to enhance the customer
experience and gain more insights about user journeys in order to be able to develop and
deliver more valuable digital services. The OEM plans to develop the necessary internal
skills and capacity to assume ownership of the DE, manage its operation and respectively
enhance it. However, the OEM did not know how to scope and design a DE given its legacy
IT and organizational structure. It was unclear in which areas it is best to strategically invest
IT resources and which long-term partnerships or acquisitions should be pursued. As a basis
for decision making and conceptually planning this endeavor, a structural target picture of a
DE, its elements and relations was missing. The organization’s steering committee asked for
strategic external advice to plan the DE with consideration to the organization’s structure
and legacy IT, displaying necessary elements and deriving a target model. In a posterior

phase, the DE shall be implemented and globally rolled out.
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During this study we partnered with an advisory firm to strategically plan and implement a
DE that takes the previous issues into consideration in collaboration with, and on behalf of
the OEM. As a result, we could intervene our outcomes during jour fixe with the steering
committee and digital architects and could continuously evaluate the artifact with advisory
agents. Using this as a starting point, we reviewed existing literature about DEs and digital
transformations in the manufacturing industry and identified the research gap that is

introductory motivated (section 1) and further substantiated (section 2).

4.2. Data Collection and Setting

The conceptual model is constituted of elements, stakeholders and structural arrangements.
In order to collect data for deriving necessary elements we conducted 27 semi-structured
expert informant interviews of 14 organizations over a period of 10 months, from November
2016 to August 2017 (see Figure 3). We interviewed personnel from various organizations
to include both a comprehensive set of perspectives and to take into account that ecosystems
are constituted of various interconnected stakeholders (Peltoniemi & Vuori, 2008).
Following a purposeful sampling strategy, we chose and approached representatives that

could provide rich information about OEMs digital transformation processes (Palinkas et al.,

2015).

Interviewee Distribution

Digitization Consultants |
Employees NN

Time Period: 11.16. - 08.17.

Organisations 14

Customers and Service Providers [ NN Interviews: 27
Managing Position: 22
Research Expert [
Pre-Test: 2
Industry Representative [l Transcripted pages 471
Infrastructure and Service Provider [l )

different shades represent

0 2 4 6 8 10 different organisations

Figure 3: Interviewee distribution by sector

Thereby, we wanted to satisfy both an in-depth knowledge dimension, while also including
a broad spectrum of possible DE stakeholders. In order to gain expert access, we used the
existing network within the partner company and proactively reached out to individuals or
organizations that fit the interviewing criteria and objective. 22 of the interviewees hold
managing or top-level management positions (see Table 2). Around 70% of interviewees

were automotive digitization consultants and OEM employees and the third largest group
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represents OEM business customers, mainly from logistics and mobility service providers.
In order to gather a holistic perspective, both a leading future mobility research institution
as well as the automotive industry representative organization were included in the survey.
Consequently, we gathered data from an external, an internal, the customers’ and the

academics’ points of view.
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Table 2: Overview of Interviewees

Code Position Business Context Interview Transcripted Code
Duration Pages Amount
Pt Team leader Customer Solutions Logistics Service Provider 45:48 21
Pt Application Manager Logistics Service Provider 1:08:38 21
1 Partner IT Consultancy (Automotive) 46:32 18 35
Managing Consultant IT Consultancy (Automotive)

12 Partner IT Consultancy (Automotive) 56:27 22 42
13 Team leader Package Logistics Service Provider 51:50 15 23
14 Expert Connected and Auto. Driving Industry Represative 1:06:34 17 36
15 Senior Consultant IT Consultancy (Automotive) 31:26 12 18
16 Managing Consultant IT Consultancy (Automotive) 56:01 18 43
17 Head of Future Innovation OEM 54:18 17 28
18 Managing Consultant OEM 50:12 18 27
19 Head of Innovation Logistics Service Provider 43:21 16 30
110 Future Innovation OEM 1:05:53 23 33
111 Product Manager Logistics Service Provider 56:29 21 19
112  Business Model Researcher VW OEM 56:35 16 31
113 Managing Director for a Mobility Innovation Centre Research and Knowledge Centre 27:26 12 38
114  Global Head of Sales Training Logistics Service Provider 1:06:02 20 21
115  Team leader in-car technology, connected car OEM 28:00 13 36
116  Product Manager Connected Mobility IT Service Provider 51:06 14 24
117  Project Manager Digitization OEM 7 24
118  Managing Partner IT Consultancy (Automotive) 1:02:28 21 29
119  Senior Consultant IT Consultancy (Automotive) 59:14 20 31
120  Senior Consultant IT Consultancy (Automotive) 58:39 20 24
121 Chief Marketing Officer Mobility Service Provider 50:40 15 24
122  Managing Consultant IT Consultancy (Automotive) 1:05:16 20 37
123  Business Innovation Manager OEM 56:34 21 31
124  Manager Production OEM 49:57 15 39
125  Managing Director IT Consultancy (Automotive) 1:00:46 18 35

471

I1... Interviewee 1 Pt... Pretest

The interviews were carried out either face-to-face or by telephone, with one of the 27
sessions including two interviewees. All interviews were audio recorded except for one, of
which the content was captured in written form. Generally, interviews lasted between 45
minutes to an hour with an interview guideline being provided beforehand (see Appendix
A). The guideline served as a reference point, containing an outline with open-ended
questions. The interviewees could utilize the questions and were free to improvise if they
felt the need to do so creating room for topic exploration (Myers & Newman, 2007). During
the interviews we paid attention to interpretations and the experts reasoning processes
(Spiegel et al., 2016).

Initially, we ran pretests with two OEM customers and service providers, serving as
reflection and learning iterations (Given, 2008). As a result of the interviewees’ feedback
and our experience, we revised the observation schedule and adapted the guideline. We
included an introduction to illustrate the objective, restructured the guideline and improved

the overall clarity. Further, we decided to focus primarily on selecting experts with deep
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industry and organizational knowledge rather than broadening the variety of service

providers.

4.3 Qualitative Data Analysis

Following the constructivist grounded theory approach by Charmaz (2014), we transcribed
the interviews verbatim to reduce information loss, only eliminating utterances. Next, we
ordered and summarized the 471 transcript pages as suggested by Mayring (2014). Thereby,
we first reduced the information amount by selecting relevant text parts, and abstracting and
simplifying the transcripts. We then structured these text parts in accordance to specific
sections and ordered them by means of the interview guideline. Afterwards, we qualitatively
analyzed the amounting 220 pages with coding and software assistance, namely ATLAS.ti
(Version 8) (ATLAS.ti Scientific Software Development GmbH, 2017). We chose this
program as it is advantageous for handling large amounts of data, efficiently searching and
retrieving information, and it provides the options to code and link data (Mayring, 2014).
During the data analysis we created codes (and sub-codes), categories (and sub-categories)
and abstracted them to themes, upon which we ultimately developed the ecosystem elements
(Saldafa, 2016). Coding the documents is seen to be an initial step for researchers when
attempting to derive valuable information from the collected data with the goal of forming
categories that are intermediate stages in a continuous process of structuring meaningful
units (Given, 2008).

As there are existing theoretical concepts regarding the composition of DEs and the digital
transformation of manufacturing industries, we applied a directed content analysis whereby
we defined codes both before and during the data analysis (Hsieh & Shannon, 2005) and
repeatedly performed the coding starting with different interviews each time in order to
improve reliability (Downe-Wamboldt, 1992).

Following the process proposed by Lichtman (2013) we initially openly coded the text using
in-vivo codes, which are terms used by the interviewees in line with the suggestion for
directed content analysis by Hsieh and Shannon (2005). In a second round, we coded larger
text parts and paragraphs, and expanded the coding process using gerunds, including
changing and reforming the set of codes (Saldafia, 2016). During the process we wrote
memos to systematically capture implications, theoretical ideas, connections and emerging
questions (Carmichael & Cunningham, 2017).

Subsequently, we reflected on the codes, removed or merged redundant ones, and discussed
their meanings to eliminate unclarity among the researchers. For instance, we merged

2

“vehicles”, “cars” and “car” into the code “vehicle”. Following, we aggregated the codes
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into categories and sub-categories, thus adding a hierarchy. Once again, we discussed the
categories, clarified their meanings and resolved issues of misunderstanding. Adding more
analytical depth and nuances to the descriptive codes and initial categories, we reflected on
the information content and their contextual meaning (Carmichael & Cunningham, 2017).

After having finished the initial coding, we re-read the interviews to identify structures
(cause-and-effect patterns) and dependencies between codes, forming categories. Further,
we proceeded with the focused coding of the transcripts (Charmaz, 2014; Saldana, 2016)
aiming to identify conceptually related codes and the most frequently referred to ones.
Again, we reflected on the results, discussed their interpretation and resolved any
misunderstanding by reaching an agreement on the codes’ meaning. Consequently, we
merged and streamlined codes, and created new categories and sub-categories. Next, we
coded the transcripts axially, where we considered the properties and attributes between
them, and refined the categories and sub-categories. Building upon the categories, we formed
a set of concepts with regard to DE elements and stakeholders, as can be seen in Appendix
B and C (Olivé, 2007). Therefore, we looked for patterns across categories and further
conceptualized them (Given, 2008). For instance, we subsume references to artificial
intelligence, Big Data, data analysis, insights and processing services within the concept of
data analytics, manifesting themselves as technical elements of the data analytics platform.
Again, we discussed the results, reduced misunderstanding and resolved terminological

ambiguities until a satisfactory understanding was reached.

4.4 Building, Intervention, Evaluation

4.4.1 Building and Intervention

Based on the identified stakeholder concepts and preparatory literature work, we applied a
use case model in UML to a service the OEM was conceptually investigating (see Figure 4).
A use case model structures the stakeholders’ relation from a behavioral point of view and

is advantageous in gathering the functional requirements that constitute the ecosystem

(Misbhauddin & Alshayeb, 2015).
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Figure 4: Use case model of the DE stakeholders in UML

As seen in Figure 4, the use case is of a customer demanding an intelligent parking service
(ParkSpotHelp) through the customer’s in-vehicle information system. Customer services
that are provisioned via the in-vehicle information system are surveyed with regard to quality
and governance aspects from gatekeepers. In this case, customers can only access curated
applications that are relevant and do not negatively affect the driving behavior. On the other
side, the digital application system is accessed by various service delivery agents. For the
service delivery agent to provide the service to the customer, backend services ranging from
development, integration to orchestration, have to be realized. Further, vehicular sensor data
has to be processed and enriched, for which digital infrastructures have to be provided and
operated. Central agents for a DE are platform providers that enable the services to work by
providing essential infrastructure. Subsequently, we proceeded to model the structure of the

identified concepts (see Figure 5).
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Channels Interface
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Cloud-Infrastructure
Infrastructure
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Figure 5: Conceptual architecture of the DE elements

The DE is constituted of multiple layers that are distinguished between customer-facing
frontend layers and backend layers with no direct customer touchpoints. The levels are
hierarchically arranged from a customer’s point of view and the different channels they use
to access the digital application portfolio. The service development, its integration as well
as its orchestration, take place within the service layer. Synchronously, data from different
sources are compiled and analyzed according to the application. In addition, IT
infrastructures have to be in place that enable the development process. Typically, OEMs
have on-premise IT systems (e.g. own servers, databases and administrative IT systems), but
also use cloud computing providers as fallbacks. All elements communicate and are
managed through mainly API-based interfaces.

Both the use case model and the conceptual architecture were coordinated within jour fixe
with the OEM. The use case model was coordinated with members of the organization’s
digital program management and coordination teams. The conceptual architecture was
presented to the digital architects that intended to include business unit initiatives within the
DE program and are involved in the overall concept. The meetings were useful in evaluating
the functional requirements and gaining a sense of the organization-specific problems. The
persons of contact identified both models to be correct.

However, attendees also remarked them to be abstract and difficult to utilize in their specific
organizational context. We observed a discrepancy between our scientific aspiration of the
model’s generalizability and the business’ demand to solve a particular problem. For
satisfying the latter, more detailed element specifications and the involvement of legacy
systems and corporate structures would have to be considered. Therefore, conceptual
elements would need to be turned into organization specific, meaningful entities and

specified per addressee. For instance, service development occurs in an open source
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development environment that is hosted on-premise within the organization’s IT
headquarters. The service development process is supported by the organization’s tool stack
that includes a continuous integration and delivery pipeline for automated testing and
deployment. Hence, integrating the development environment, tool stack and delivery
pipeline solution as elements within the concepts would be desirable. We reflected on the
experiences, discussed them and further adapted the model until a satisfactory degree of
generalizability was reached that allows the deduction of organization specific elements.

Subsequent, we developed an initial version of a layered conceptual model of a digital
automotive ecosystem (DAE) that was continuously evaluated (see section 4.4.2 for a
detailed description of the evaluation process), formed and refined (see Figure 6). Within the
artifact’s design, the previously identified literature, interviews and intervention, and

evaluation iterations, were considered and respectively incorporated.
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The DAE model is constituted of elements (parallelograms) and stakeholders (rectangles).
Elements can be structuring levels or technical hardware (e.g. vehicle) and software
expressions (e.g. digital service application platforms) by which digital services are
provisioned. Each of the identified technical elements can represent a multitude of
expressions, for instance various ‘Data Analytics Platforms’, and is integrated within the
system via interfaces, such as APIs. The elements are interconnected as is typical within an
ecosystem and most manifest themselves as platforms, such as a ‘Data Compilation’
platform. A data compilation platform is connected to multiple data sources, which can be
platforms themselves, such as vehicle data, customer data or third-party-data sources etc.
Stakeholders refer to an organization or a natural person and operate or manage the elements,
which are expressed as platform operators (positioned at the top-right corner of the
parallelogram). Apart from the operator, other stakeholders contribute to the service
provisioning and operate on the platform, but do not manage it, such as service developers
on a service development platform (positioned at the low end of the parallelograms). The
service provisioning is shielded or protected by quality gatekeepers with regard to content
and technical dimensions. Contrary to the perceived notion of the vehicle being the central
element of the DE, or digital hub, the customer is the initiator of the digital service delivery
process and respectively placed. Customers traverse through customer journeys whereas a
DAE can be one of various ecosystems of involvement for them and can also be integrated

with other ecosystems.

4.4.2 Evaluation

Following Venable, Pries-Heje, & Baskerville’s (2016) Framework for Evaluation in Design
Science Research, we chose a naturalistic evaluation exploring the performance of a solution
technology in its real environment, typically within an organization. Thereby, we applied a
‘Human Risk & Effectiveness’ strategy as the risk of the designed artifact is of social and
user-oriented nature. We chose this strategy since the application and user acceptance of the
layered conceptual model are of primary concerns and the major risks are user-oriented, in
other words, the interpretation and application of the model (Olivé, 2007). Our fundamental
evaluation objective is to test the artifact’s utility. In total we traversed five evaluation
episodes and a workshop concerning a real problem through which we continuously adapted
and formed the previously developed minimum viable model (MVM) of the DAE (see
Figure 7).
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Figure 7: Overview of building and learning iterations

and further learn

Having verified the concepts, elements and stakeholders within the organization, we

proceeded to internally and externally validate the artifact by means of semi-structured

interviews. Therefore, we queried five persons from three different organizations

representing the internal perspective (of an OEM employee), the external perspective (of

OEM advisors) and the scholastic point of view (of researchers). We sent the artifact MVM

prior to the interviews and explained the intended evaluation objective. After each evaluation

episode we summarized the protocols and then abstracted and formulated them as new

statements (Mayring, 2014). Subsequently, we reflected on the interviewees suggestions and

respectively adapted the artifact, as can be seen in Table 3.
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Table 3: Overview of Evaluation Episodes

Automotive IT Automotive IT Automotive BM and BM Innovation Researcher Automotive IT
Consultant Consultant Innovation Expert Consultant
Code 11 12 13 14 15
Level Partner Management PhD Researcher within an  Senior Researcher Management
OEM mobility unit
Useful- - Concepts seem to be - Useful to outline the - Elements seem - The DAE is perceived to be - The representation
ness correct strategic target state in conclusive and it is useful  correct; the elements and seems to be correct from
- Useful on a strategic  a big picture sense to have a breakdown of the stakeholders appear to be interviewee's perception
level to give an - Customer-centricity is service provisioning tasks  conclusive - Strategically helpful, but
overview clearly visible into development, - Scientifically valuable as it it is hard to imagine a use
- Low applicability for orchestration, intergation  helps to understand the case scenario where to
business departments and orchestration structure and so far put it into action
visualisations are not - Capabilities would be a
common useful extension
Adapta- - Reordered - Added other digital - Added exemplary service - Inserted levels infrastructure - Inserted data level and
tions: arrangement of layers, application access to the DAE description and service for clarification put it as a third ecosystem
e.g. vehicle as an devices and differentiation layer

access channel

- Put customer - Inserted customer - Refined quality gates - Added on-premise
centrally on top journey between technical and infrastructure platform
relevant
- Added a quality gate - Inserted API-based IM as - Distinguished between
around the customer connections between data platform and data
platforms analytics platform

All interviewees found the DAE or parts of it useful, but the degree of this judgement
differed. Generally, the DAE is perceived to be of strategic value (I1, 12, I5) and not
operational (I1, I5). While I1 and 12 found the artifact to be a good visual representation for
discussing a DE conceptually, 15 had difficulty with imagining a scenario in which to put it
into use. The elements and identified stakeholders were perceived to be correct and
conclusive (I3). Scientifically, having a topology of a digital ecosystem was regarded to be
of value, as few structural representations of elements and stakeholders currently exist (14).
The evaluation cycles proved to be of considerable benefit, as we incorporated propositions
from each of the interviewees. We rearranged the conceptual layers, extended the scope of
elements, added structuring levels and stakeholders. Further, the interviewees suggested
additions and extensions to the DAE that would increase the value of the artifact for users
by facilitating organizational decision making with regard to distinct dimensions. These
dimensions include but are not limited to the following: First incorporation capabilities that
could be mapped to elements of the ecosystem (I5), implementing governing structures and
elements that go beyond the representation of the quality gatekeeper role (I3), implementing
factors that facilitate the decision of whether to procure services inhouse or outsource (I3)
and adding connecting factors of customer journeys to specific service categories (I1). Each
of these suggestions were carefully examined, however, it was concluded that they would
extend the present research scope and would make generalization beyond an organization

specific point of view difficult.
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After having refined the artifact, we put it into practical use by conducting a workshop with
an internationally operating applied research institute specializing in the dissemination of
knowledge to businesses and industries. We discussed a real use case with three researchers
from the digital business model unit (subsequently referred to as test persons) at the
institute’s premises and explored the possibility of using the DAE in order to approach the
provided problem. Therefore, we explained the topology and observed how the artifact
would be used and by which modality (Nunamaker, Chen, & Purdin, 1990).

The test persons faced the problem to explore how small- and medium-sized manufacturing
enterprises (SMEs) can create services from mechanical sensory data of machinery
equipment and complex tools to competitively differentiate themselves and expand current
product portfolios. Particularly, the test persons confronted the challenge of formulating
digital service scenarios and communicating them to the SME addressees, mostly
represented by the director or executive board. The test persons did not receive any starting
points for outlining and breaking down the technical provisioning process.

We explored the problem by exemplarily discussing a predictive maintenance scenario the
SME could develop into a service. In doing so, we noticed the test persons applying the
artifact for the creation of service journey for a specific function of machine. Therefore, they
used the DAE elements and stakeholders to develop a narrative by which they transferred
the initial idea into an outlined delivery plan. The test persons quickly pointed out the SME
can only provide the data collection and enrichment and would need to integrate or partner
with other DE stakeholders. In doing so, the test persons came up with multiple starting
points to convey digital service offerings and the surrounding ecosystem.

Reflecting upon the findings, they pointed out that using the artifact gives a practical starting
point in conceptualizing digital services and provides an understanding of the entire service
provisioning process. It could thus facilitate communication and provide a ubiquitous
understanding of a complex domain.

The workshop illustrated the application potential of a digital ecosystem model outside the
automotive industry and for different addresses, in this case, SMEs. Primarily, it was
perceived to be useful as an educational instrument during the conceptualization of digital
services from a technical point of view, as it outlines which elements have to be in place and
managed in order to provide a specific functionality. However, the attendees also remarked

the artifact to be of strategic use rather than operational.
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5 Formalization and Learning

5.1 Scientific Implications

An empirical investigation of an OEM which intends to set up a digital ecosystem formed
the basis for the DAE model. We conceptually developed the model by interviewing 26
experts from 14 different organizations and derived necessary elements and relevant
stakeholders. Recapitulating the initial research question, the artifact consists of different
layers that are interconnected within a dynamic network structure. Each layer can comprise
a multitude of platforms that can be clustered in digital applications, service developments,
data analyses and infrastructural platforms. Customers access these platforms and the
ecosystem around them through channels, vehicles being one of many possible touchpoints.
This study contributes to the understanding of digital ecosystem elements and their
topological composition generating multi-disciplinary knowledge as they are established in
distinct areas of academic literature (Thomas, Autio, & Gann, 2014; Serensen, Reuver, &
Basole, 2015; Reuver et al., 2017). Thus, they can be investigated and further substantiated
from different perspectives, such as the shaping role of governing entities who fulfil curating
functions in terms of quality and content (Uludag, Hefele, & Matthes, 2016).

The conceptual model contributes to the debate differentiating platforms from ecosystems
as contributing entities for the latter (Adner, 2017). It adds to the stream of knowledge with
a rich and structured understanding of what occurs in a DAE and of which elements, roles,
and relations it is constituted of (Reuver et al., 2017). To the authors’ knowledge no
investigations have been conducted that provide a dynamic conceptual model of a DAE
linking architectural layers and digital platforms. If applied in future empirical research, the
DAE will provide analytical consistency allowing the differentiated exchange and
comparison of research work.

In addition, the findings contribute to the empirical body of knowledge about digital
ecosystems (Weill & Woerner, 2015), particularly in the automotive industry (Bilgeri et al.,
2017). It provides further insights taken from the case organization as well as other industry
representatives about digital platforms and ecosystems (Serensen et al., 2015).

As suggested by previous studies, the artifact strengthens the notion of digital ecosystems
being environments of collaboration and partner integration (Gomes, Facin, Salerno, &
Ikenami, 2016; Adner, 2017). Apart from the customer as the initiator of any digital activity,
platform operators will play roles of central importance. These findings further suggest
developing a DAE is a matter of integrating these platforms into a coherent system that can

deliver a specific value proposition. The criteria of linkage and value proposition positioning
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is managed by governing entities. The DAE displays the relative importance of the

relationship between these layers in the contribution to the overall delivery process.

5.2 Managerial Implications

Physical products are perceived to be channels for customers to access DEs within their
journeys, indicating a substitutionary function as commoditized devices. This implies a loss
of significance for the physical product being the center of gravity for many manufacturing
companies. However, physical goods remain important and can be seen as intersections
between predominant ecosystems and digital ones.

Although, recent studies have further specified definitions of a DE, a layered conceptual
model proposes a more complete understanding of the concept upon which management can
scope and define commercial fields of action. OEMs that intend to operate in the digital
market have to be clear which platform they intend to manage, which technologies and
capabilities need to be sourced and integrated, and for which they have to formulate strategic
partnerships.

In addition, the conceptual model provides means by which decision makers can better
recognize the relationships among stakeholders and gain an understanding of the importance
of being able to integrate their value propositions within customer journeys. Thus, it turns
management’s focus towards this specific imperative and the need of an integration-based
approach in outlining their strategy, potentially expanding their current operational model
by improving digital value co-creation.

Additionally, the model draws attention to the crucial role of quality gatekeepers during the
entire service delivery process, since through these access points curated content is
approved. In this way, OEMs as the producer of the physical platform infrastructure, or
vehicle, could fill this strategic position and leverage their brands. Vehicles or physical
products will become more commoditized and thus the asset of a brand is going to be a
crucial factor in the pursuit of providing curated experiences or governmental value
propositions.

The investigation further revealed the conceptual model to be a useful tool in shaping and
defining service journeys from the customer’s specific demand to the configuration of
necessary backend operations. Accordingly, decision makers can classify their existing value
proposition within the context of the entire value chain, which is useful in building up
respective capabilities early on and integrating necessary partners for the entire provisioning
process. Visualizing the necessary elements and involved stakeholders provides a map by

which strategies can be translated into action-oriented decisions. This in turn supports
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organizations which decide to alter their strategic positioning from product to solution
providers as identified to be the case in the automotive industry (Nenonen & Storbacka

2010).

6 Conclusion

In this article, we investigated how a conceptual model of a DAE can be designed and
structurally represented. The study was performed by means of an empirical study of an
OEM that intends to setup a digital ecosystem. For the development of a layered conceptual
model of a DE, we interviewed 26 experts from distinct organizations, qualitatively analyzed
the data and derived elements as well as defining stakeholders. We conceptually modeled an
initial artifact applying an action design-oriented approach and iteratively evaluated and
enhanced the artifact through multiple interventions within the case organization, the
partnering organization and by interviewing experts. In addition, we applied the artifact by
means of a real problem scenario and formulated and discussed general learnings from this
research.

The layered conceptual model of a DAE is a domain-specific artifact that provides visual
representation of the layers that constitute a digital ecosystem, its relevant stakeholders and
the relationships among each other. The artifact supports decision makers in strategically
planning and outlining digital ecosystems themselves. Besides the development of the
conceptual model, this research contributes to the body of knowledge about digital
ecosystems and its demarcation from digital platforms. Further, the findings provide a
deepened comprehension about the automotive industry and allow for partial abstractions
for digital ecosystems of manufacturing industries. Within the applied framework we were
informed by a problem-relevant case and iteratively built a practitioner-oriented solution
traversing cycles of practical development, reflection and learning.

However, this research is subject to limitations in a number of respects. First, in order to
define the theoretical basis of digital ecosystems, only parts of the entire literature were
researched and identified. Second, the DAE model has only been applied by one research
group within one OEM, which is in the process of building a digital ecosystem. Involving
the artifact in another organization could have possibly resulted in different expressions of
the digital ecosystem model and compatibility. Although we attempted to be exhaustive in
the contextual description and setting, researchers should handle the transfer of our findings
to other organizations and industries with care. Third, the selection and choice of experts as
well as the sampling size impact the data collection and thus influence the derivation

outcome of the elements that we identified. Finally, the selection of applied research methods
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within the organizational context worked well, but it cannot be reasoned that we developed
the best conceptual model for a DAE.

We strongly recommend applying the artifact within different organizations of the
automotive industry and to further test its applicability in other manufacturing industries. In
light of the growing importance of digital ecosystems, we highly encourage building on these
findings and further clarifying the structure of digital ecosystems within other domains.
Additionally, it could be investigated how to align different types of IT, i.e. product
development and administrative IT, within the ecosystem structure. Though it was not a
focus of this investigation, the value of the ecosystem could be enhanced by identifying
capabilities connected to the different platforms and mapping them accordingly. Thus,
organizations can gain a richer understanding about digital ecosystems and assess more

precisely which resources would be necessary to be able to operate parts of that ecosystem.
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4.2 Summary

This study presents a conceptual reference framework for automotive SSs that shall support
OEMs methodologically with the development of digital services. The artefact is suitable
for use during the early stages of automotive service design, focusing on the idea generation
and scoping of the service landscape with consideration of the relevant stakeholders by
providing a customer-centric structure.

The article refers to RQ2: How can original equipment manufacturers be supported in the

conceptualization of automotive service systems taking into account relevant stakeholders?

The research features an extensive literature review on automotive SSs (Fettke, 2006)
coupled with a conceptual modeling approach (R6BI, 1990) formed by mapping the Business
Model Canvas to the SS domain (Osterwalder & Pigneur, 2011) from an operational point
of view (Alter, 2012). The selected BM constructs were adapted and abstracted to the SSs
domain and further substantiated with the results of the literature review (see Table 13). The
full categorisation table is provided in Appendix D and E: CRF Categorisation and

Derivation of Constructs.

Table 13: Abridged substantiation with dimensions

Category Dimension
Safety
Security
Resource efficiency
Driving experience

y & Securi

Service Value . . . Emotion &
Service experience & Usability .
L Experience
Customization
Accessibility
. Convenience
Comfort & Convenience
Transportation & Navigation Intelligent Transportation
Connectivity enhancement ivity
Service Objective y — Conneotivity
Issue Detection & Driving support Driving Support & Assistance
Quality improvement Maintenance Assistance
Stationary infrastructures A
2Ly, Physical Stationary Infrastructure
Servi twork Areas
service ne Mobile devices P| al Mobile Infrastructure
infrastructure -
Information
IT Infrastructure -
End Consumer ) .
= External Service Recipient
Business Customers
Customers . Rk
Business Units . . .
Internal Service Recipient
OEM
Service staff
. . Physical Service Provider
Service Providers &
Key stakeholders Information service staff
v . . . Digital Service Provider
Information service providers
Secondary beneficiaries
Developmental Collaborators
Active Involvement
Customer .
Service Users
Involvement - - .
Information Provider Passive Participation
Actuator / Enabler
Personnel
Vehicle Composition Physical Vehicle Attributes
Points of Interaction Physical Environment External Environment
VIS

Virtual Interfaces

Virtual interfaces
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Thereby, the automotive services were synthesized and qualitatively analysed to derive
constructs (Given, 2008), which are modelled in a UML class diagram to depict the relations
among them. An initial artefact was built and iteratively advanced by means of multiple
evaluation phases applying the Framework for Evaluation in Design Science Research, and
by simultaneously pursuing a human risk and effectiveness strategy (Venable et al., 2016).
The interviews are comprised of stakeholders from different organisations and hierarchies,
ranging from chief digital officers to operant employees (Mayring, 2014). In addition, a case
workshop was conducted (Crowe et al., 2011) in which the CRF was applied to a real
problem scenario of a Swedish automotive supplier that wants to digitalise its service

portfolio.

Both the interviews and the practical application suggest the CRF to be a supportive
instrument for digital service development and that it meets the necessary requirements of
correctness, completeness, comprehensibility, and usability.

The literature review demonstrates that only few of the identified articles take customer
involvement into account during service development, failing to explicitly identify them as
collaborators in value creation processes. It suggests customer involvement as a theoretical
concept in the automotive industry and has not been practically considered.

Figure 12 exhibits the CRF, which is a particular view on SSs taken from a BM perspective
as it is intended to support organisations and be applicable in the early service development
phase. In addition, it contributes to the general knowledge on SSs (Alter, 2017; Ferrario &
Guarino, 2011).

The artefact organises and advances the knowledge of SSs, more specifically, their
composition and structural arrangement. The analysis demonstrated the customer and the
corresponding service value as being the nucleus of any service activity, supporting the
importance of customer-centric development approaches. The resulting model synthesizes
SSs research with BM concepts.

Additionally, the CRF was found to provide guidance in the shift from product-dominant
organisations to integrated solution providers. It is a useful instrument for identifying and
ordering automotive SS constructs and for relating them amongst each other. Further, it
demonstrates how a SS can be conceptually designed by building on a manageable number
of constructs, providing a structure to organise industry specific automotive services

(Heikkinen, 2014).
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Figure 12: The Conceptual Reference Framework for automotive SSs

The framework illustrates that active engagement can be achieved by progressively

designing interaction points that facilitate service accessibility for the stakeholders involved.

The CRF incorporates the concept of customer value co-creation and supports the

understanding of SSs being complex networks of various stakeholders who are contributors

and beneficiaries at the same time (Mele & Polese, 2011). Managerially, a framework is

provided by which the complexity of networked stakeholder systems can be structurally

addressed. The CRF further serves as an instrument by which the concept of value co-

creation is practically implemented and by which digital services can be efficiently

conceptually outlined.

In using an industry-specific CRF, organisations and researchers can be more effective in

solution finding and more efficient in the way of getting there, as was remarked during its

practical application.
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Abstract:

Digitalization drives automotive original equipment manufacturers (OEMs) to change their
value propositions and open-up towards greater collaboration and customer integration. The
shift towards services implies a transformational change from product- towards customer-
centricity. This study proposes a conceptual reference framework (CRF) out of a business
model perspective to systematize automotive service systems. The CRF presents relevant
dimensions and dependencies between the involved stakeholders and the necessary
infrastructures in order to facilitate digital service conceptualization in the early phases of
the service design. The artifact is developed based on a literature review and conceptual
modeling, then iteratively evaluated by means of guideline-supported interviews from three
different perspectives and applied to a real problem statement within a case workshop. The
results suggest value creation for automotive services occurs in shared mobility networks
among interdependent stakeholders in which customers play an integral role during the
service life-cycle. Additionally, the results deepen the understanding of service business
model development under consideration of industry-specific aspects and suggest the
framework to be a beneficial structuring tool that can save resources and specify solution

finding.
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On the Move towards Customer-Centric Business Models in the
Automotive Industry - A Conceptual Reference Framework of

Shared Automotive Service Systems

1 Introduction

Industries, like products, proceed through distinct cycles and stages as they mature. Novel
technologies and an alternating competitive environment pressure incumbents to react to
these changes by updating and enhancing their business operations. Companies that fail to
do so will be replaced by competitors that are “quicker or more efficient in bringing
significant innovations to market” (Klepper 1997, p. 164). In this respect, digitalization
challenges many manufacturing industries as prevalent business areas are rapidly evolving
and are expected to continue in this way (Piccinini et al. 2015). Digital advancements and
shifting customer expectations propel the development of new automotive business models
(BM) (Hildebrandt et al. 2015) and change how value is concepted in companies
(Ramaswamy and Ozcan 2018). Vehicles are no longer regarded as isolated tangible goods,
but as objects that integrate different stakeholders, devices, functions, and data into coherent
systems of value co-creation (Svahn et al. 2017).

The advent of these technologies has enabled new ways of providing mobility-related
networked businesses (Firnkorn and Miiller 2012), such as shared vehicle usage (Kessler
and Buck 2017, p. 115), connected services (Kaiser et al. 2017), and autonomous and
platform services (Yang et al. 2017). In addition, the view is spreading that customers are
not just consumers of goods, but value adding contributors (Ramaswamy and Chopra 2014)
and the center of gravity of developed services (Kowalkowski et al. 2017). Novel insights
on how vehicles are used and the way in which mobility is consumed becomes accessible
when the generated and platform-processed data is harvested (Pillmann et al. 2017).

In this context, OEMs and their suppliers have started to position themselves as both goods
and service providers (Terler and Knobl 2016; Bosler et al. 2017), which can be observed in
cases such as Volkswagen’s MOIA project (Volkswagen Media Services 2016) or Daimler
and BMW with their existing car sharing initiatives (BMW Group 2018; Daimler AG 2018).
Providing automotive services is seen to be a differentiation instrument for both building
competitive advantages (Porter and Millar 1985, p. 85) and generating new income sources
(Suarez et al. 2013). Consequently, the focus of manufacturers’ business activities expands
from producing goods towards developing integrated solutions by bundling vehicles with
additional services. OEMs have opened up to foster interactional creational processes

(Ramaswamy and Ozcan 2018) and gradually changed their perspective towards viewing
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vehicles as product-service offerings that provide both usage-based value (Schéfer et al.
2015) and additional values such as intelligent mobility, increased safety, or individualized
comfort (Heinrichs et al. 2012).
However, the development of these solutions challenges OEMs as innovations in the
automotive industry have historically been centered on the quality and features of
manufactured goods (Firnkorn and Miiller 2012). Providing services within their current
value networks goes far beyond an OEM’s present competencies, its suppliers, and its
service providers (Schifer et al. 2015). Initial efforts for differentiation by offering digital
services in the early 2000s failed (Hoffmann and Leimeister 2011), and most OEMs remain
mainly product-centered organizations (Mahut et al. 2015). Their predominant BM is largely
unaltered, and service innovation proceeds to take place among industry newcomers, as are
the cases of UBER, Lyft, and Tesla.
In this paper we investigate automotive services and their applications within service
systems (SS) by reviewing literature with the objective of conceptualizing them within an
ordering framework out of a BM perspective. An ordering framework is intended to help
OEMs in their effort to develop service-based BMs and shall guide them in the conception
phase by categorizing and systemizing SSs in the automotive industry. There has been
extensive research on the notion of servitization and how it affects the BMs of manufacturing
firms (Vandermerwe and Rada 1988; Baines et al. 2009; Vendrell-Herrero et al. 2016).
However, the prevalent approaches only address parts within the field and industry specifics
are mostly ignored or not taken into account (Adrodegari et al. 2017). So far, methods that
support industry-specific processes are scarce and have not been sufficiently addressed
(Chanias and Hess 2016). Most companies are challenged by the efforts to offer integrated
solutions because of their inability to design and implement service BMs successfully
(Bounfour 2016, p. 31). Further, it remains to be analyzed how customers and other
stakeholders can be integrated into digital value-creation processes underlying a shared
service offering, especially within the context of the automotive industry (Schumacher et al.
2018). Based on these preliminary considerations, we aim to answer the following research
question:

How can original equipment manufacturers be supported in the conceptualization of

automotive service systems taking into account relevant stakeholders?

We answer this question by systematically reviewing literature with the aim to discover a
candidate set of terms. We categorize the terms by adapting and building upon the Business
Model Canvas (BMC) by Osterwalder and Pigneur (2011) and conceptually modeling the

connections between them. Upon this, we designed an initial reference framework and
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evaluated it by means of guideline-supported interviews with OEM representatives, a BM
researcher, and an external automotive industry expert. Further, the reference framework
was applied and refined after having conducted a workshop involving a real problem case.

The article is structured as follows. Section 2 describes the background of service-centered
BMs and explains the methodology applied for creating the conceptual reference framework
(CRF). Section 3 presents the findings and describes the processes for each step in detail.
Section 4 presents the evaluation strategy and evaluation results, and section 5 discusses the
scientific and managerial implications, as well as the limitations. Finally, the article

concludes with a summary and outlooks on future research steps.

2 Background and Methodology
2.1 Background

Historically, OEMs have built their businesses around goods-oriented BMs, where
customers are seen as consumers rather than collaborators in the value-creation process
(Orsato and Wells 2007; Ibusuki and Kaminski 2007) and the way in which the goods or
vehicles are used has been of less importance (Ng et al. 2012). In contrast to this goods-
centered perspective, Vargo and Lusch (2004) introduced service-dominant logic (SDL) that
assumes the customer as the center of value creation with goods being means of services. In
this respect, automobiles are seen to be vehicles for the provision of services and work in
SSs wherein stakeholders operate by “using information, technology, and other resources to
produce specific product/services” (Alter 2017, p. 1828). SSs are thus a dynamic
combination of resources that are connected through shared information usage in which
value is co-created by technology and people (Maglio et al. 2009). Therefore, an automotive
SS can be broadly defined as a network of people, technology, and organizations that create
and deliver mobility-related services. Existing SS concepts offer few possibilities for OEMs
to particularly plan the service development while factoring in relevant stakeholders and the
necessary infrastructure. A recent literature review of Frost and Lyons (2017, p. 228) found
that present research lacks the application of SS concepts to specific domains and propose
to direct research towards “ontologies that are more responsive to the intentionality of actors
in the system, as well as the effects of their interactions.”

Service provision and innovation will only occur if an organization is able to monetize them
via its BM. Research on BMs arose with the proliferation of the electronic market in the
1990s and its novel approach of doing business (Morris et al. 2006; Bucherer et al. 2012;
Gibson and Jetter 2014). Though a generally accepted definition of what constitutes a BM
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does not exist (Bankvall et al. 2017), we follow the definition by Osterwalder and Pigneur
(2011) who describe a BM as the way in which companies capture, deliver, and create value.
As the research on BMs has matured, understanding has grown with regards to definitions
(Timmers 1998; Morris et al. 2006), classifications (Timmers 1998; Burkhart et al. 2011),
evaluations, dimensions, frameworks (Osterwalder 2004; Al-Debei and Avison 2010), and
the relationship between BMs and strategy (Massa et al. 2017). A variety of concepts and
frameworks has been introduced to capture and initiate BMs that differ in extent and depth,
which comprise: Timmers’ (1998) three step-approach, the six core components by Morris
et al. (2006), Osterwalder and Pigneur’s (2011) nine-component BMC, and the St. Gallener
Business Navigator methodology by Gassmann et al. (2014) among others.

The focal concept of any BM is the creation of value (Amit and Han 2017) that is closely
aligned to the perspective one applies, distinguishing between supplier-centric, customer-
centric, and stakeholder-centric views (see Table 1 following Mele and Polese 2011). As
creational procedures occur in complex global networks rather than isolated local processes
(Maglio and Spohrer 2013), the value-creation paradigm shifts from a single “service system
managing particular stakeholders” (Mele and Polese 2011, p. 41) towards the collaboration
as partners of multiple SSs in networks. Within these networks, tangible and intangible
resources are exchanged and shared among the participants to achieve certain objectives,

suggesting that the customer is one of many beneficiaries, as all stakeholders co-create value

to the SS and expect it in return.

Logic Value Relationship Perspective Co-creation Practice
Representation

Goods-dominant ~ Value-in-exchange Supplier-centric Value creation of product or
logic service provider
Service-dominant Value-in-exchange / Value-  Customer-centric Value co-creation

logic in-use

Co-creational Value-in-exchange / Value-  Stakeholder- centric/  Value co-creation among
network in-use / Value-in-experience Balanced-centricity SS actors

Table 1: Logic representation and co-creational practices

Generally, these BM concepts have only taken generic aspects into account without
considering industry specifics (Veit et al. 2014) and the enhancement towards product-
service BMs (Beuren et al. 2013; Massa et al. 2017; Reim et al. 2017), leaving both academic
and industrial comprehension needs with regards to their design and implementation (Leitao
et al. 2013; Alt and Zimmermann 2014; Massa et al. 2017). Studies demand support in the

understanding of an OEM’s servitization process along with the research on relational
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aspects and value-creation networks (Brax and Visintin 2017). In addition, existing concepts
on SSs lack usability and design orientation (Alter 2012). The majority of studies focus on
the customer-service provider interaction within the SS (Andreassen et al. 2016; Atiq et al.
2017), but do not consider that value creation happens in complex networks involving

multiple stakeholders that can act as both customers and service providers.

2.2 Methodology

In order to support OEMs in the conceptualization of digital services, we develop a reference
framework by which we intend to assist the understanding of the automotive services domain
and provide an enhanced communication base for academic and business stakeholders
(Frank 2007, p. 120). A CRF is useful for both researchers and practitioners at different
levels (Fettke and Loos 2007, p. 5) and, thus, can be effectively applied in an integrated way
for decision making process support (Colledani et al. 2008, p. 260). During the development
process, we thoroughly research the automotive domain, put characteristic components in
order, and identify relevant relationships. To be useful for OEMs during the conception of
automotive services, the CRF must be correct, the incorporated constructs must be complete,
and the overall arrangement as well as interdependencies must be comprehensible.
Following the development approach outlined by R8I (1990, p. 101) (Fig. 1), we first
selected the constructs based on Osterwalder and Pigneur’s (2011) BMC. The BMC is a
good analytical and visualization tool (Freiling 2015) and is suited for becoming acquainted
with BM thinking within an investigated domain (Fielt 2013; Bilgeri et al. 2015). Following,
we adapted the BMC elements by abstracting them to the SS domain from an operational
point of view (Alter 2012).

CRF DeSIgn CRF Evaluation
» Element selection » Substantiation with > Derivation and » Evaluation according » Iterative advance-
based on the BMC dimensions by mnsertion of rela- to a Human Risk & ment by incorpor-
(Osterwalder and conducting a tions between Effectiveness ation of semi-
Pigneur 2011) literature review constructs by strategy (Venable structured interview
» Construct adaption (Fettke 2006) conceptual 2016) following an results (Mayring
based on an modelling evaluation process 2014) and a case
operational view of relations in UML model (Frank 2007) study workshop
SS (Alter 2012) » Initial CRF design (Tellis 1997)

Fig. 1 Reference framework development procedure
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After having identified the framework constructs, we substantiated them by reviewing
literature of automotive SSs, following the steps outlined by Fettke (2006). We collected
data regarding the latest automotive SSs, analyzed and synthesized it, and then derived
construct dimensions. Based on these findings, relations between the constructs were
identified by conceptually modelling a class diagram in UML. The class diagram is
particularly useful in structuring the constructs and the relations between them (Gomaa
2005). From this, we were able to derive relations, integrating and ordering them, resulting
in an initial CRF design. Next, the CRF was evaluated in regards to correctness,
completeness, comprehensiveness, and applicability by applying a five-phase evaluation
process following Frank (2007, p. 120). Thereby, we evaluated the CRF from three different
perspectives by conducting five guideline-supported interviews. In addition, we ran a
workshop by applying the CRF in a case scenario concerning a real problem statement.

Throughout the evaluation the CRF was iteratively modified based on received feedback.

3 A Conceptual Reference Framework for Automotive Service Systems

3.1 Constructs

For the conceptualization of SSs, a framework is necessary by which organizations can
effectively analyze and facilitate the communication of automotive services. Mapping the
business model concept to SSs provides us with a set of constructs that “allows the
representation of the customers’ integration and thus the co-creation” (Zolnowski and
Bohmann 2014, p. 4). In doing so we make use of Osterwalder and Pigneur’s (2011) BMC,
which is a framework that is widely adopted in academia and practice, aspires to be of
general validity and is centered on the customer’s value proposition (Ojala 2016). The BMC
is advantageous for centrally capturing and delivering value creational aspects of service
business development and is a useful communication tool (Coes 2014). It provides a set of
essential elements that are clustered in customers (channels, relationship, customer
segments,), infrastructure (key resources, key partners, key activities), offering (the value
proposition) and financial (revenue stream, cost structure) categories (Widmer 2016). Thus,
the elements take into account the pivotal role of the customer as an essential premise of
value co-creational practices (Vargo and Akaka 2012). By abstracting the building blocks,
reflecting on their meanings and applying them to the SS domain, we identify the framework

constructs (Lee et al. 2011; Alturki and Gable 2014) as can be seen in Table 2. Therein, we
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take an operational point of view as Alter (2012) proposed, which emphasizes viewing the

SS from a managerial perspective for services that are, or ought to be, in operation.

BM BMC Constructs Description
Categories Building Blocks
Offering Value Proposition ~ Service Value Service value is the central element of an SS and inherent in every service
(Maglio and Spohrer 2008)
Customers Customer Customers Customers determine contextually and phenomenologically the co-creational
Segments derivation of value (Vargo and Lusch 2008)
Customer Customer Value creation in an SDL involves customer participation (Vargo 2008)
Relations Involvement
Channels Points of Customer points of interaction serve as the link between the service provider
Interaction and the recipient (Clatworthy 2011)
Infrastructure ~ Key Resource Service Infrastructures are a collective investment of humans, information and
Infrastructure technology, in other words, resources within SS (Alter 2008)
Key Partners Service Various stakeholders are involved in service operation within SS networks that
Stakeholders form relationships of value (Mele and Polese 2011)
Key Activities Service Objective  Stakeholders within automotive SS collaboratively perform distinct activities
to collectively pursue one or multiple common SS objectives (Gummesson
2008)
Financial Cost Structure Cost Structure The cost structure is comprised of the costs incurred from operating and

delivering specific services distinguishing between cost- and value-driven costs
(Osterwalder and Pigneur 2011)

Revenue Streams  Revenue Streams  Revenue streams are generated from customers and involve transaction and
recurring revenues (Osterwalder and Pigneur 2011)

Table 2 Literature review constructs

The focal point of any BM is the value proposition and the reason for customers to seek a
specific service to fulfill their needs (Osterwalder and Pigneur 2011). Characterizing the
CREF in this way provides the company with an outlook on the overall value per actor, i.e.
consumers, partners and the organization itself. (Zolnowski and Béhmann 2014). The value
proposition is created for customers (Andreassen et al. 2016) who thus determine
contextually and phenomenologically a service (Vare and Lusch 2008). Everyone
participating in the SS network can be both a contributor and beneficiary at the same time,
underlying a stakeholder-centric point of view (Mele and Polese 2011). For the sake of this
research and the following systematization, a customer is defined as an individual or
organization that demands a mobility-related service. Both the customers and the service
value are chosen to be the central constructs as every service offering is initiated with them
(Maglio and Spohrer 2008). Third, customer relations include the types of relationships a
firm establishes with its customers (Osterwalder and Pigneur 2011). From an SDL
perspective, “value creation always requires customer involvement” (Vargo 2008, p. 212).
Thus, understanding and integrating this concept within service networks is crucial (Skélén
and Edvardsson 2015). Third, key activities comprise the most important steps for a firm to
successfully implement its business models (Osterwalder and Pigneur 2011). This study does

not focus on the case of a single firm, but on an entire industry and their SS. Therein,
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stakeholders perform key activities collaboratively to pursue one or more service objectives
(Mele and Polese 2011). The fulfillment of these service objectives can be seen as the driving
motives upon which stakeholders ultimately create value for the service recipient. Fourth,
channels demonstrate the way in which customers are reached and the value proposition is
delivered (Osterwalder and Pigneur 2011). Customer points of interaction, or touchpoints,
characterize the points of contact during the service provisioning process (Clatworthy 2011)
and in this sense, can also be used to evaluate a service’s effectiveness (Shostack 1984;
Clatworthy 2011). Fifth, key partners are required to operate the business model successfully
(Osterwalder and Pigneur 2011). They are stakeholders of the automotive SS and are
involved in the service operation, contributing with their own resource investments (Mele
and Polese 2011). The sixth element to be considered is resources. Resources are required
in every step of the service fulfillment process, and include investments a company has to
commit to operate a business model (Osterwalder and Pigneur 2011). Automotive SSs are
collective investments of manpower, information and technology. As manpower is
comprised within the construct stakeholders, the resources, information and technology can
be specified as infrastructures that are shared with other SSs and are both operated and
managed outside of the automotive SS (Alter 2008).

The BMC elements “cost structure” and “revenue streams” are included as constructs within
the CRF but were not substantiated by the literature search. These elements are results from
the previously established building blocks and are organization-specific. Revenue streams
are established through the generated value proposition for the customer (value-driven or
cost-driven), and the cost structure is substantiated once all the previous elements have been

defined (transaction revenues or recurring revenues) (Osterwalder and Pigneur 2011).

3.2 Substantiation by means of a literature review

Following the steps outlined by Fettke (2006), the review procedure stretches over five

phases, as shown in Fig. 2.

Analysis
and Inter- Presentation
pretation

Problem Literature Literature

Statement Search Evaluation

Fig. 2 Literature review process

The literature review was conducted between October and December 2016 to identify

relevant SS dimensions for the CRF. Five major databases were queried: Business Source
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Complete (EBSCO), Elsevier ScienceDirect, IEEE Xplore, Springer Link, Scopus, which
represent relevant conferences and journals in the field of information systems. The goal was
to substantiate the automotive SS constructs with dimensions and identify the relations.
Several search phrases were tested and iteratively adjusted until satisfactory outcomes could
be determined using the following search string: “(automobile OR automotive OR vehicle)
AND (service systems OR information systems OR digital services).” In total, 2,522 English
sources were gathered comprising only peer-reviewed scientific journal articles, published
between 2006 and 2016, with a focus on information systems (step 2).

The sources were evaluated (step 3) with regard to relevance of the possibilities given by the
databases, which were further narrowed down by filtering out topics that did not connect
with vehicle-related automotive SSs. During the first (gate I) and second refinement stage
(gate II), duplicates were eliminated, and the terms were searched within keywords and title
to gather a set of relevant articles in the field of focus. The articles were selected by reading
the abstracts (gate III) and skimming the remaining articles (gate IV). As a result, we

identified and fully read 31 relevant papers (see Fig. 3).

Number of Articles

2.550

450 -
400 -
350 -
300
250 4
200
150 -
100 -

50 4

Total Sources Title & Keywords I  Title & Keywords II Abstract Skimming Full Articles

Fig. 3 Article selection process

While analyzing the articles, we identified and extracted expressions that correspond to the
identified CRF constructs. An exemplary excerpt of the analysis is listed in Table 3 and the

full analysis can be viewed in Appendix D and E.
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Abbreviations:
1. DAS - Driver Assistance System 8. IVIS —In-Vehicle Information Systems 15.  APTS - Advanced Public Transportation System
2. RTIS - Real-time and temporal Information Service 9. TP - Telematics Platform 16.  AVHS - Advanced Vehicle and Highway System
3. RSU - Road Side Unit 10. PSS — Product Service Systems 17.  HMI — Human Machine Interaction
4. IVS - Intelligent Vehicle System 11.  CAS - Computer Aided System 18.  MCC - Mobile Cloud Computing
5. OBD - On-Board Diagnostic 12.  RTM - Remote Technology Management 19.  VCPS - Vehicular Cyber-Physical Systems
6. VIS - Vehicle Information System 13.  ITS - Intelligent Transport System 20.  GIS — Geographic Information System
7. ICT - Information and Communication Technology ~ 14.  ATIS - Advanced Traveler Information System 21. V2V - Vehicle-to-Vehicle
s Article Value mfrastructure Involvement |Interaction
Bengle - State-of-the - DA Assistanc Drivers - Service Provider; - Vehicle; - DAS goal provide - Driverasthe - Vehicle; in-
retal. art of DAS1 e driver; supplier; 3rd  communication active and integrated  trigger of the vehicle display and
2014 and future party beneficiaries; infrastructure; safety; intelligent DAS projections (virtual
research fields service provider for  sensors; transportation for an interfaces);
V2V “communication; information, DAS efficiency increase infrastructure that
traffic participants; provides sensor
OEM data
Bohnsa - Exploration of - General Resource Incumbent - OEM; supplier - Battery; EV; - Intelligent - Customer - Vehicle; mobile
cket the evolution of consideration of Efficienc s, End (battery provider e.g.); virtual transportation through involvement in applications;
al. business model movement to y Customer financial service application; car-sharing and increase the service infotainment
2014  development  service-based provider; driver; mobile phone; in mobile sustainability; usage; customers system; service
between business models by dealer; swapping communication comfort & convenience, may appear as  personnel; financial
incumbent and means of EVs, e.g. service station infrastructure; ~ when charging at home; service providers services; dealer
entrepreneurial battery leasing etc. provider; charging grid grid battery swapping for grid who can change the
firms operator (technology enabler ~ balancing, when car; battery
services) financial charging at home swapping personnel

service systems

Table 3 List of abbreviations and excerpt from the literature analysis

To achieve comprehensiveness, we iteratively discussed, clarified and refined the
expressions until we conceptually derived a list of dimensions. Therefore, we first
aggregated and ordered the expressions with regard to their constructs: service value, service
objectives, customers, stakeholders, infrastructures, customer involvement, and points of
interactions. Following, we analyzed the expressions by discussing and reflecting upon
them, removing redundancies and merging expressions when needed, for instance,
automotive OEMs, automotive manufacturers, and electric vehicle manufacturers were
merged into OEMs. Next, we proposed classes, reflected upon them and ordered the
expressions accordingly before we repeatedly discussed the classes and allocation results.
Subsequently, we defined categories (Given 2008, p. 72) and again discussed them as well
as simultaneously refined the previous processes until an agreement on completeness and
satisfactory clarity was reached. Lastly, we abstracted categories into dimensions of general
validity that are meant to be mutually exclusive and collectively exhaustive (MECE) of the
identified literature (see Table 4). The completed substantiation results, ordering and
classification can be seen in Appendix D and E. However, collective exhaustiveness cannot
always be ensured since the literature review comprises only a selection of the entire

literature on automotive services.



Artefact 2: Conceptual Reference Framework 95

Category Dimension
Safet
¥ Safety & Security
Security
Resource efficiency Resource Optimization
Driving experience
Service Value . — . o Emotion &
Service experience & Usability X
A Experience
Customization
Accessibility Convenience
Comfort & Convenience
Transportation & Navigation Intelligent Transportation
Comncivy etancemen
Service Objective y = Co.m.lectn ity -
Issue Detection & Driving support Driving Support & Assistance
Quality improvement Maintenance Assistance
Stationary infrastructures
Arcas — Physical Stationary Infrastructure
ervice network . .
_S Mobile devices Physical Mobile Infrastructure
infrastructure R
Information

Digital Infrastructure
IT Infrastructure
End Consumer . ..
B External Service Recipient
Business Customers
Customers : .
Business Units . ..
Internal Service Recipient
OEM

Service staff

. . Physical Service Provider
Service Providers y

Key stakeholders Information service staff . . .
. . . Digital Service Provider
Information service providers
Secondary beneficiaries Secondary Service Beneficiary

Developmental Collaborators . ..
. Active Participation
Active Involvement

Customer -
L — Service Users
Information Provider Passive Participation
Actuator / Enabler
Personnel
Vehicle Composition
Points of Interaction Physical Environment

VIS
Virtual interfaces

Virtual Interfaces

Table 4 Abridged substantiation with dimension

According to Juehling et al. (2010), automotive services comprise all services that provide
benefit for customers over the vehicles’ life cycle and can generally be distinguished
between technical and non-technical services. We derived the service value based on the SS
objective. For instance, Hung and Michailidis (2011) investigate the deployment of battery
charging station infrastructure for electric vehicles (EVs). The service objective is to
minimize the overall routing costs for EV drivers, such as travel time and distance. Hence,
the perceived customer value can be increased with the accessibility of EV charging stations,
convenience, and other factors. Besides safety and security, we identified resource
optimization, emotion and experience, and convenience as general service value dimensions.
Most articles investigate technical services, particularly some form of assisted driving
systems (e.g., Bengler et al. 2014; Mahut et al. 2015; Guériau et al. 2016). Their primary
aim is to increase the carriers’ safety, such as early brake support, collision mitigation, anti-
lock braking systems (ABS), and electronic stability programs (ESP). The improvement of

driving support and assistance in order to increase safety and security is identified to be the
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predominant service objective, accounting for 23 of the articles (e.g., Yeh et al. 2007;
Vashitz et al. 2008; Stevens et al. 2010; Park and Kim 2015). The trigger of these technical
services occurs through sensory input, and the computation takes place inside the vehicle.
Technology related to driving assistance systems is progressing toward more automatic and
cooperative driving (Bengler et al. 2014), upgrading the potential influence of the vehicle to
semi-autonomous or autonomous driving. Other service dimensions identified were
intelligent transportation, such as car sharing, maintenance assistance, and connectivity
through vehicle or in-vehicle information systems (VIS or IVIS1) (Lisboa et al. 2016).
IVIS partly provides access to non-technical automotive services, such as navigational
services. For non-technical services to be operable, infrastructures need to be in place in
various fields (e.g., Wan et al. 2014; Park and Kim 2015; Olia et al. 2016). Vehicles should
be able to communicate with multiple infrastructures and partly with other stakeholders
within complex networks (V2V2, V2I3, V2R4, VANETS, V2C6). Thus, the necessary
telecommunication infrastructure would have to be implemented (Kakkasageri and Manvi
2014; Gao and Zhang 2016). For the service provision, backend systems need to be in place,
which would have to be able to process the data that can be converted into information and
fueling the value creation processes. These systems hold the identity and access management
data, service context, legacy systems, vehicle master data, customer context, and application
logics, and are callable via web application programming interfaces (APIs) (Frey et al.
2016). Generally, the infrastructure can be distinguished as physical stationary, physical
mobile, and digital.

Accordingly, the SS stakeholders can be dimensioned as physical service providers (e.g.,
mechanics) and digital service providers (e.g., car sharing platforms and service recipients),
which can be individuals, organizations, or the general public. Customers can be actively or
passively involved in the value creation process. From an OEM perspective, customers are
mostly the initiators of the service action while driving the vehicle. Even though they trigger
the service, such as the intervening of the driving assistance system (DAS), they remain
passive throughout the service delivery process. Digital services, however, have the potential
to actively involve and engage customers during the service life cycle.

Points of interaction exist throughout various stages of the service delivery process and
essentially involve stakeholders and many resources or infrastructural components being in
place at the same time. Most identified interaction points are connected to the physical
vehicle attributes (e.g., buttons) or vehicle environment. Further identified touchpoint

dimensions are human interactions (e.g., via the service staff), the external environment (e.g.,
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traffic signaling devices), or virtual interfaces via information system devices (e.g.,

smartphones).

3.3 Relations

After having identified constructs and dimensions, the relations among them were derived

by conceptually modeling the constructs in a UML class diagram (see Fig. 4).

Cost
Structure

> influences (1..*) < Take into account (1..%)

> contains (1..%) . <use (1..*
Infra- Points of -5
structure - Interaction
<influence (1..*) > engage (1..%)

<enable (1..%)

> happens via (1..%)

< provide for (1..%) > Are motivated by (1..%)

Customer
Involvement

Revenue
Stream

> influences (1..*) <drives (1..*)

Service
Objective

> is derived by (1..*%) <shapes (1..%)

Service
Value

> is perceived by (1..*) < want to be met (1..%)

Customer

Fig. 4 Relations between constructs in UML

The customer is the focal point of any SS (Vargo and Lusch 2008) and wants one or many
service values to be met (Osterwalder and Pigneur 2011). One service value perception can
relate to multiple service objectives, and vice versa. For instance, having enhanced collision
avoidance software can serve customers’ safety values and satisfy their convenience needs.
In return, the service value can be related to collision avoidance systems and enhanced IVIS,
which reduce driving distraction. The service objective directly influences the customer
involvement in the value creation process. Customers that trigger DAS act as service
actuators by moving the vehicle, but can also benefit from the service as passengers or as
other traffic participants. In return, multiple forms of customer involvement are possible for
the same SSs. For digital services, for instance, customers could passively participate by

providing user data or by actively engaging in the product’s value creation by giving
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feedback. Customers are engaged via points of interaction in the value creation process,
which in turn are connected to stakeholders (such as the service providers) and the service
infrastructure (such as the vehicle itself, mobile devices, backend systems, etc). Though
services are centered around fulfilling customer needs and delivering service values,
stakeholders are inherently motivated by and need to consider financial dimensions as well,
i.e., revenue streams and cost structures.

Building upon the constructs, the identified dimensions, and the UML model, we developed
an initial version of the CRF that we iteratively advanced and adapted. We arranged the CRF
constructs, as depicted in Figure 5, through internally discussing the automotive service
delivery process and externally validating our line of thought by means of multiple
evaluation phases (see section 4). Therefore, we reasoned utilizing the example of an
intelligent parking spot search. The customer is the central construct of any automotive SS
around which the other constructs are independently layered. Thus, the notion that value
creation is collaboratively pursued within the SS network is emphasized. The constructs
contain the dimensions that are typical expressions of automotive SSs as identified in Table

4.
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Fig. 5 CRF of automotive service systems

To illustrate the reasoning process (Recker 2013, p. 15), a driver (external service recipient)
wants to quickly find a free parking spot while driving through a congested city. He or she
is demanding a convenience value to be met by reducing the time of search. On that basis,
the service objective of optimizing resources, such as time, gasoline, etc., can be derived.
Therefore, the vehicle’s sensors could spot and detect free spots, their range and calculate
the possibility of it being an appropriate parking gap. For an OEM to provide the service in
an engaging way, the customer could be solicited for active involvement by making the data
of the free parking spot available to be shared among other drivers and ancillary service
providers. To provide a holistic customer experience, the OEM ought to consider customer
points of interaction, which could be physical vehicle attributes, such as vehicle buttons, and
virtual interfaces, such as the IVIS, or the customer’s mobile application. To successfully
set up this service, a set of infrastructures need to be in place and integrated, such as a cloud
and telecommunication infrastructures. In addition, other stakeholders need to co-

creationally collaborate, such as telecommunication providers, the customer, mobile device
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providers and others. Lastly, the OEM has to balance the development costs and expected
revenue stream of the provisioned service, e.g. through subscription models, referred to as

recurring revenue streams.

4 Evaluation and Advancement

Fig. 6 outlines our five-phase evaluation process following Frank (2007, p. 120). First, we
chose the evaluation strategy to be a Human Risk and Effectiveness Strategy for evaluating
design science research suggested by Venable et al. (2016). We chose this strategy as the
major design risk is user oriented and “a critical goal of the evaluation is to rigorously
establish that the utility/benefit will continue in real situations” (Venable et al. 2016, p. 82).
Primarily, it shall ensure that users can apply the CRF beneficially. Since naturalistic
evaluations are always empirical, the artifact should be evaluated by real users in their actual

context.

» Human Risk & Effectiveness Strategy (Venable 2016): Conduction of five
evaluation episodes by means of five guide-line supported interviews and
one case work shop

Strategy Analysis

= Test and evaluation of requirements with regard to completeness,
Requirements correctness, comprehensibility and usability

Specification

= CRF evaluation from three different perspectives: OEM, external industry
Perspective expert and a service business model researcher and digitization consultant
Selection for an automotive spare parts supplier

= Consecutive interview analyses by summarizing protocols (Mayring 2014)
Perspective »  Work shop by means of a real problem case (Crowe et al. 2011)

Evaluation

= Three OEM representatives with different scope and area of responsibilities
Perspective »  One external industry expert of a managing position

Balancing *  One business model innovation researcher of a leading position
* One digitization consultant for an automotive spare parts supplier

Fig. 6 Evaluation process

We specified the primary requirements to be completeness, correctness, comprehensibility,
and usability. The framework was found to be correct if no objections for the selected
constructs, identified dimensions, or drawn relations could be observed. By evaluating the
CRF’s completeness, we intended to determine whether any construct or dimension was
missing. In addition, we asked whether the overall arrangement and scheme is
comprehensive — that is, if the interviewees could interpret the CRF and the corresponding

drawn relations. Usefulness was ensured by whether interviewees perceived the CRF to be
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beneficial for an OEM during the task of conceptual service planning. Next, we outlined the
evaluation perspectives. For the purpose of gaining the most insights and prolific feedback,
we incorporated the OEM perspectives of two industry experts and that of a leading
researcher on business models and digitalization into our evaluation process. Therefore, we
conducted five guideline-supported interviews, of which we analyzed and iteratively
incorporated their feedback (Mayring 2014). In doing so, we improved the CRF in five
evaluation phases. In addition, we applied the CRF in a workshop with an underlying real

problem case (Crowe et al. 2011).

4.1 Interviews

We chose to interview three OEM employees from two different firms, who have different
scope and areas of responsibility. Additionally, we interviewed one external industry expert
with an extensive background in IT consultancy with a managerial position serving OEMs,
contributing an external, inter-company perspective. Finally, the interviewed researcher
contributes to the latest state-of-the-art knowledge about business model innovation.

The interview guideline comprises a short introduction, the interviewer’s goal, open
questions with regard to the evaluation criteria and the initial CRF construct. The guideline
was sent to interviewees prior to the interview appointment to provide time for reviewing
the material. All five interviewees reported to have read through the guideline and the CRF
prior to the scheduled telephone call. The interviews were recorded and transcribed.
Subsequently, the text passages were ordered in a category system composed of the defined
requirements. Via a two-step reduction process relevant text passages were selected and
subsequently clustered (Mayring 2014). Finally, the text passages were abstracted and

summarized as a new statement, which are displayed in Fig. 7.
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“Other”
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= General use case description specific use case manifestations

Fig. 7 Evaluation episodes, categorized findings and derived CRF adaptations

After each evaluation episode we analyzed and reflected upon the recommendations and
internally discussed them. Therefore, we also looked for research evidence that supports the
evaluator’s point of view and suggested alteration. For instance, the first reviewer remarked
to add an emotional dimension to the construct service value as many OEM customers
purchase a vehicle or other products connected to the OEM’s brand based upon an emotional
experience. Investigating the remarked point research indicates similar behavior to be true
for digital services, (Zarantonello and Schmitt 2010; Powers et al. 2012, p. 479) which is
why we decided to implement the suggestion in the artifact.

Four of the five interviews resulted in CRF adaptations and were very beneficial for the CRF
evaluation and its subsequent advancement (see steps 4 and 5 of Fig. 1). Over the course of
the interviews the framework was simplified as dimension constructs were excluded. The
CRF was generally perceived to be correct — that is no false constructs, dimensions or
relations could be detected. The third interviewee, however, noted that the construct and
dimension should be orthogonal to each other in order to ensure they are mutually exclusive
and collectively exhaustive. For instance, it was proposed by the interviewee to merge the
constructs “service value” and “service objective” as both are similar to each other and
contain similar dimensions. The dimension “emotion* was added as a service value in order
to complete the spectrum of individual value perceptions. Again, four of the five
interviewees perceived the CRF to be complete, whereas the 3rd interviewee criticized the
identified dimensions as not following the MECE principle. Not surprisingly, the CRF was

not intuitively comprehensible for the surveyed practitioners. They demanded a functional
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explanation by means of a service example. The BM researcher, however, could interpret
and comprehend the CRF representation. Although, the interviewee had received the
representation after four evaluation episodes. This can indicate that the comprehensiveness
of the representation improved, and by giving a practical example, the comprehensiveness
had significantly increased overall. Mostly, the interviewees value the CRF for its ordering
purposes. The practitioners however, implicitly demanded for a functional methodology that
is more applicable in identifying and designing service business models than a classification

framework.

4.2 Case Workshop

In addition to the interviews we applied the CRF in a 90-minute workshop with a researcher
that did a PhD on the development of automotive industry in the Asia-Pacific region, who is
referred to as participant hereafter. Within an extensive research project, the participant
consulted a major Swedish spare parts supplier, which is named case company hereafter.
The case company generates the majority of its revenue via own physical shops, where they
source, produce and deliver spare parts. Due to digitalization, the company faces the
challenge to enhance their physical value propositions into the digital sphere. Beforehand,
we sent the participant the CRF with an explanation and an exemplary case on how to apply
the artifact in which an OEM intends to create a service in order to facilitate finding parking
spots for its customers. While conducting the workshop, we formulated a hypothesis to
expand the case company’s current online activities and develop a platform to transfer and
integrate physical and digital services.

We began by shortly introducing the constructs with its dimensions and clarifying their
purposes as well as relations among each other. For each dimension, we formulated
examples and suggested the main service value. During the process we noticed that applying
categories led to the formulation of dimensions and provided further support towards more
specific and relevant ideas on how to shape an online platform whilst keeping focus on the
intended end-consumer. In addition, we noticed explicitly stating customer involvement
possibilities and dimensions of customer interaction points helped the participant to take in,

and maintain, a customer-centric perspective.
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Spare Parts OEM Work Shop Results

= CREF is good in organizing and visualizing the relations of constructs

= Provision of a clear view which objects are involved in the service creation process is given

= Clear emphasis on customer value-driven service creation

General = Constructs are well defined and clearly separated

= For in-depth exploration within each construct, supplementary tools and methods could be of use
> e.g. if one wants to explore stakeholders more profoundly

= Enables to map out discussions and the content that is of relevance

= Clearly displays items that are crucial for further discussion

= CREF helps to do specific and critical thinking first to get structured ideas

Usability = An industry specific model helps to come up with more precise results faster contrary to general
frameworks

= “IfI could come out of every workshop I am with a similar outcome like that, it would be the focal
framework for the discussion”

Adap- = In using, addition of dimension categorization systems

tations

Fig. 8 CRF evaluation during case workshop

The participant noted the CRF as being a good framework in organizing and visualizing the
relations of constructs as it provides a clear view on the objects of relevance. Further, the
participant highlighted that there is a clear emphasis on customer-centric service design
during the exploration phase. However, it was also noted that implementing and designing
the service would require supplementary tools in order to reach completion. In general, the
CRF was found to be useful for service conception and its industry-specificity was remarked
as beneficial in saving resources and providing more precise results. To increase CRF
applicability, we added the provision of the CRF categorization table that led to the

derivation of the dimensions (see Table 4).

5 Discussion

5.1 Research Implications

The SDL has been fundamental in the understanding of the service provision, the role of the
customer, and its market consequences (Vargo and Lusch 2004; Kuzgun and Asugman
2015). Previous studies on these concepts “lack the strategic, functional and tactical
directions for organizations to apply” them (Gaiardelli et al. 2015, p. 1165). Further, industry
characteristics were not taken into consideration (Reim et al. 2014; Freiling 2015) and

methodological applicability has been low. Within this study we intend to investigate how
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digital automotive services as part of SSs can be conceptualized and how OEMs can be
supported in their design under consideration of essential stakeholders.

A conceptual reference framework was found to be a useful instrument for identifying and
ordering automotive service system constructs and for relating them amongst each other.
The CRF supports the importance of customer-centricity within complex stakeholder
networks by synthesizing SS research with BM concepts. The artifact organizes and
advances the knowledge of a SS as a work system. First, it demonstrates how a SS can be
conceptually designed from a small amount of constructs by incorporating industry-specific
dimensions. The constructs, interplaying with the dimensions, provide not only an adequate
range and depth towards the understanding of the characteristics of automotive services, but
also on how to use them to design services from a customer-centric perspective. Moreover,
it provides a structure for organizing SSs in the automotive industry such as those which
were identified through the literature search and listed in Appendix D. The range of possible
automotive services is expanding through ongoing digitalization. The CRF presents a
particular view on SSs from a BM perspective as it is intended to support organizations and
be applicable in the early service development phase. In addition, it contributes to the general
knowledge on SSs (Ferrario and Guarino 2011; Alter 2017). Following up the discussion on
how a SS can enhance value co-creation and customer interaction (Alter 2017), the present
framework demonstrates that active engagement can be achieved by progressively designing
interaction points that facilitate service accessibility for the stakeholders involved. The study
further suggests to organize SSs around the focal point, its purpose of existence in the first
place. From a customer-centric perspective, it delivers service values that can only be
achieved if collaboration and interaction is optimized, which in turn, depends on an
ubiquitous domain understanding of all stakeholders. As digital services “are closely related
to and rely on ICT”, it remains to be investigated on how these technologies can be
systematically put to use to stimulate service innovation (Stoshikj et al. 2016, p. 219) and
facilitate collaboration for these networked businesses (Akaka and Vargo 2014, p. 367).

In this sense, the CRF helps with gaining a fundamental understanding of the stakeholders
and objects surrounding the value-creation processes of automotive SSs, contributing to the
service business model knowledge. The framework endorses previous works which
conclude that value creation happens in stakeholder-centric networks, where each
stakeholder is both a beneficiary of the SS and a contributor to it (Mele and Polese 2011).
However, the study also demonstrates, only few of the identified articles take customer
involvement into account during service development, and fails to explicitly identify them

as collaborators in value-creation processes. It suggests customer involvement as a
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theoretical concept in the automotive industry is not practically considered. We strongly
support further research on how to translate service science insights on networked value co-
creation and customer centricity into communicable methods and applicable tools for
manufacturers that increasingly turn towards the development of digital product-service

offerings.

5.2 Managerial Implications

Research presumes that one of the biggest obstacles in the process of digital service
expansion is the change in mindset from offering a produced good towards “an integrated
product and service offering that delivers value-in-use” (Baines et al. 2007, p. 1545). To do
so, the creation of value has to be seen from a customer-centric perspective (Johnstone et al.
2009), which represents a great challenge for manufacturing firms as their business logic
tends to focus on product-based thinking (Ng et al. 2012). VISs are becoming increasingly
important as a carrier of services and a field of differentiation among OEMs. VISs provide
multiple touchpoints for service providers to interact and manage customer relationships via
human machine interaction (HMI). Managing these links is essential for a company’s
interaction with its customers and for involving customers in the value creation process (Lee
et al. 2013). From a managerial point of view, the CRF adopts this perspective as it is
structured along this understanding and, at the same time, offers to be a tool by which firms
can practically implement this concept.

Managerially, the CRF proved to be useful on a practical dimension for OEMs as well as
automotive suppliers, as it provides industry specific concepts and enhances the
practitioner’s potential to communicate and design digital services themselves. Within a
condensed period of time, a service proposition could be sketched and conceptually outlined
within a networked system. One key challenge during conceptualization is “handling the
many composed elements related to need, context, intention, possibilities, etc.” (Andreasen
et al. 2015, p. 33). Therefore, the CRF provides a structured framework by which to address
this complexity. By practically applying it, the CRF was found to be useful in effectively
organizing automotive services and formulating customer-centric service narratives. It is
both a tool for saving resources, such as time and effort, and for structured, analytical
thinking.

Additionally, the CRF meets the demand for an industry-specific framework (Heikkinen
2014). The construct dimensions are derived from automotive services and contain an
arrangement by which automotive services can be categorized. In using an industry-specific

CRF, organizations and researchers can be more effective in solution finding and more
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efficient in the way of getting there, as was remarked during its practical application. General
frameworks, such as the BMC are either designed for different purposes or their practical
applicability is limited. The CRF in cooperation with the categorization scheme helps to
generate more precise results and also highlights areas that have not been traditionally
observed in the industry, most notably, customer involvement and touchpoint design. As the
constructs are relevant SS objects that ought to be considered in service design independent
of the domain, we support further research on other industries by developing a different set
of dimensions and further advancing the framework.

It must be noted, however, that the shifting of product-centric organizations towards a focus
on service value creation leads to numerous organizational challenges as well. The
introduction of digital technologies accompanies growing dependencies on them and new
personnel capabilities have to be established. In addition, processes have to be aligned and
adapted so that the changes are adequately represented in the organization’s operations.
Pursuing a digitalization strategy possibly increases risk exposure due to field inexperience
and the need for new technological competencies. Furthermore, as value creational activities
are changed “the new digital activities deviate from the classical — often still analog — core

business” (Matt et al. 2015, p. 341).



Artefact 2: Conceptual Reference Framework 108

5.3 Limitations

However, this study’s outcome is subject to subsequent limitations. It must be noted that
only a part of the literature could be considered during the research process, therefore, the
CREF is not all-embracing. The identified CRF dimensions are results of the literature review
process and are subject to selection and analyses constraints. Furthermore, the CRF was
evaluated by means of interviews and one case study workshop. Hence, the selection of
interviewees, the number of evaluation phases and existing case could possibly influence the
research results. As typical for empirical cases, not all boundary conditions could be
controlled, such as the case company problem or external time constraints. Further, the
chosen methods, such as conceptual modeling, the literature review approach, and the

qualitative data analysis procedure may also influence the results of our findings.

6 Conclusion

This study proposes a CRF for automotive SSs, that was developed as part of an extensive
research in which we investigate how to methodologically support OEMs during their shift
from product-dominant to product-service offerings from a BM perspective taking into
consideration relevant stakeholders. The reference framework constructs were abstracted
from the BMC and adapted to the SS domain. In order to substantiate the constructs with
dimensions specific to the automotive industry, we conducted a comprehensive literature
review. By modeling the dependencies in UML, we derived the relations between the
constructs and designed a CRF draft. The CRF was evaluated and iteratively improved by
conducting five guideline-supported interviews. Further the CRF was applied in a case
workshop underlying a real problem statement. Two specific applications were initially
proposed. First the CRF shall support OEMs during the early development stage of
automotive services, the idea generation and conceptualization phase, by giving a structure
and a customer-centric direction. We observed the artifact to meet the requirements of
correctness, completeness, comprehensibility, and usability.

The novelty of the outlined framework is the SS classification out of a business model
perspective emphasizing both customer-centricity and shared participation of the various
stakeholders involved in the value-creation processes. The CRF shows that customers are
not merely consumers, but the focal point of any SS, as their value offering is the starting
point for its development. This article provides an applicable categorization theme for the
service conceptualization and is an integral component for further methodological
advancements that support companies in these transitional processes. This research

demonstrates that automotive SSs are networked businesses that involve the collaboration
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of a variety of stakeholders to meet customer demands. The artifact supports the notion that
service innovation occurs in shared mobility networks involving a variety of stakeholders,
who positively contribute to the service value and fulfill its objectives. Shared service
networks enable OEMs to operate complex services that they cannot realize alone
(Hoffmann and Leimeister 2011). The study primarily focuses on customer-oriented
automotive SSs, neglecting the value of physical goods. However, vehicles themselves
remain important and are ultimately the basis for services to run and be delivered to
customers. As Lenfle and Midler (2009, p. 2) point out, “Servitization does not lead to an
eradication of physical goods, but rather an enlargement of value, with the opportunity to

monetize this by new business models.”
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Footnotes

VIS or IVIS — In-vehicle Information Systems - technology that provides additional
information to drivers, e.g. traffic, navigation, weather, etc. (Vashitz et al. 2008)

V2V — Vehicle-to-Vehicle

V21 — Vehicle-to-Infrastructure

V2R- Vehicle-to-Road Side Unit - “Communications [...] between vehicles and roadside
infrastructure” (Campolo and Molinaro 2011)

VANET — Vehicular Ad Hoc Networks - “a wireless network based on short range
communications among moving vehicles [...] and between vehicles and roadside
infrastructure” (Campolo and Molinaro 2011)

V2C — Vehicle-to-Cloud services
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5.3 Summary

The third and fourth studies focus on the transformation of an organisation’s operational
backend processes. In this article, an empirical study with an automotive OEM is presented
that introduced microservice (MS) architectures and methodologically switched to agile
project development as part of a transformation initiative to enable fast digital product
development.

The article intends to investigate RQ3: How can an organisation transform its software
readiness assessment procedure to enable agile product development within its current
operational infrastructure? The findings of study 3 were further utilized by abstracting and

analogizing them to software development processes in general, represented in study 4.

To investigate the transformation of an organisation’s software readiness assessment (SRA)
procedure under consideration of its current operational infrastructure, a phenomenon-based
research approach with an automotive OEM was conducted (Krogh et al., 2012). In a first
step, existing deficiencies were identified by analysing the current assessment processes,
screening documents and interviewing employees in charge of the procedure (Mayring,
2014). By applying conceptual modelling (Hoppenbrouwers et al., 2005) we analysed the
OEM SRA procedure and developed a software readiness template (SRT) based on the
current procedure and which MS projects can apply. The SRT formed the basis for the
development of the Continuous Delivery Package (CDP). The CDP is a pre-checked bundle
of basic conditions that MS projects accept and commit to comply with, therefore
automatically answering a considerable amount of the SRA questionnaire identified in the

previous analysis, as is displayed in Figure 13.

On the foundation of the SRT and CDP, the concept of the Continuous Delivery Checks
(CDC) was created by providing an initial framework of basic conditions of constructs and
processes that all MS projects use (see Figure 14). The SRT was validated by three MS
projects and respectively adapted. Adapting the SRA to agile development procedures shall
reduce the assessment effort and make the existing procedure flexible enough to suit the
newly introduced agile development procedure. This allows for the assessment to be
conducted by DevOps teams during their sprint cycles as the standardized answers

significantly reduce the amount of time needed to fill out the assessment.
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Figure 13: The Continuous Delivery Package

Having evaluated the SRT by means of actual MS development projects using the
Framework for Evaluation in Design Science Research (FEDS) (Venable et al., 2016), it
could be observed that the designed solution is a useful intermediary step but successful
implementation and adoption is dependent on the integration of all contributing departments
as it cannot be executed independently. Additionally, the artefact was found not to utilize

the full savings potential without implementation of the CDC and a managerial mandate.

Q
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! Software

Figure 14: The Continuous Delivery Checks principle

This article provides an empirically developed methodology by which an organisation can
transform its backend process to suit the agile development approach. The study reveals that
the decision to implement agile project development approaches and technologies for fast
digital product development affects the organisation’s backend processes to a great extent as
they have to be adapted accordingly in order to handle the newly demanded requirements.
The implementation of the CDC is an approach for enabling fast product development as
assessment processes are integrated continuously within the team’s sprint cycles.

The SRT was validated by means of three MS projects of different scope and within different

OEM departments. It was generally positively evaluated and was partly further advanced. In
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addition, the CDC approach was positively received and is planned to be organisationally

implemented as an internal project further promoting the advancement and implementation

of the CDC or agile SRA.
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Abstract

In order to enable continuous and fast software development, manufacturers adopt agile
development methodologies. In respect thereof, the organisation’s operational processes
need to be adapted to fit changing software project’s needs. By means of a case study with
an automotive OEM that introduces microservices (MS) architectures, the transformation of
its software readiness assessment (SRA) procedure is investigated. The article introduces an
artefact that builds upon standardized technical and organisational constructs inherent to MS
projects. Further, by conceptually modelling a methodology is presented that guides an
organisation in the transformation to implement agile SRA within its current operational
infrastructure. The artefact is validated by means of three MS projects and respectively
adapted. The findings suggest the artefact to be a useful intermediary step, but its successful
implementation requires the integration of all contributing departments. The study deepens
the knowledge about the transformation of an organisation’s operational procedures by an
empirical case and possible methodological paths.

Keywords: Digital Transformation, Software Readiness Assessment, Automotive Industry,
Agile Software Development.
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1 Introduction

Emerging technologies provide manifold possibilities to build novel digital services and
respective business models in manufacturing industries (Matt et al., 2015). As a result, the
competitive dynamics are increasing, propelled by both incumbents and market entrants that
largely come from the internet industry or consumer electronics (Chanias and Hess, 2016).
Consequently, original equipment manufacturers (OEMs) have servitized their portfolios,
which manifests itself by an increased focus on the design and provision of digital services,
and a shift from selling products to product-service solutions, driven by financial, strategic
and marketing aspects (Baines et al., 2009). However, creating services alone is not a
guarantee for success as this shift involves a “transformational journey” as well (Gaiardelli
et al., 2015, p. 1165). OEMs need to accelerate their innovation and service development
processes in order to be able to compete with IT companies and startups (Tian et al., 2016).
In this context, many organisations use and adapt digital technologies to enable new value
creating activities, generally referred to as digital transformation (Gimpel and Roglinger,
2015, Bounfour, 2016).

Although a universally accepted definition of digital transformation does not exist (Ferreira,
2017), the domain has been investigated alongside other topics with regard to different
dimensions (Bounfour, 2016), business strategic aspects (Bharadwaj et al., 2013, Hess et al.,
2016), driving factors (Gimpel and Roglinger, 2015, Chanias and Hess, 2016) as well as
implementation processes (Dremel et al., 2017). A variety of companies among different
sectors were surveyed and specific fields of action for executing an organisation's digital
transformation could be identified, namely being the customer, the accrued data, the
transformation of the value proposition, the organization, a firm’s operation activities, as
well as its transformation management (Gimpel and Roglinger, 2015). A large number of
these studies demonstrate how digital transformation is a complex venture that “affects many
or all segments within a company** (Hess et al., 2016, p. 2). Generally, manufacturing firms
recognize the need for digital transformation and, in turn, many have formed units in respect
thereof (Chanias and Hess, 2016). Current research on digital transformation has mainly
focused on detecting obstacles and necessary fields of action for a successful implementation
and management of the according processes. But, executing this shift challenges traditional
manufacturers (Baines et al., 2009, Beuren et al., 2013, Reim et al., 2014, Chanias and Hess,
2016) as the tools and methodologies that guide the realisation of these transformational
areas are scarce (Wallin, 2013, Bounfour, 2016), and empirical studies, such as Hess et al.
(2016), focus on the strategic transformation implications, but do not give guidance on how
to practically conduct specific tasks.

Since digital products and services become more individualized and fragmented into smaller
features (Olsson et al., 2012), the demands software development projects need to meet
change too. Flexibility, incremental releases and development speed, i.e. the reduction of a
product’s time to market, are primary project requirements and are a necessary precondition
to stay competitive (Al Alam et al., 2016). Therefore, OEMs increasingly introduce agile
development methods (Piccinini et al., 2015) that promise greater productivity, product and
service quality, and shorter development cycles in return (Dingseyr and Lassenius, 2016).
However, organisations are struggling to adapt their internal operations to these
requirements, especially to provide an integrated IT infrastructure that enables collaborative,
fast and flexible product development (Gimpel and Roglinger, 2015).
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In product-centric organisations, particularly those in the automotive industry, security and
quality assurance have been central pillars around which value-creating processes are
structured, both culturally as well as operationally. In order to assure these quality demands
are met, organizations set-up mechanisms and processes to assess a product’s market
readiness (Goicoechea and Fenollera, 2012), so-called software readiness assessment (SRA)
procedures. When these organisations adopt agile development methodologies, their
operational processes have to be transformed accordingly, as digital products need to be
assessed quickly and continuously in order to support effective decision making (Nierstrasz
and Lungu, 2012). Empirical studies on how to transform SRA procedures within
operational units do not exist and the need for applicable processes that fit into existing IT
environments is evident.
The aim of this paper is to complement the current theoretical understanding of the digital
transformation of operational processes. More specifically, we want to clarify the transition
of an organisation’s SRA procedures to suit agile development methodologies.
Managerially, we want to support decision makers with practical guidance on how to
facilitate this transition in an approach that is integrable within an existing operational
infrastructure. Based on the preliminary considerations, we derive the following research
question for our investigation:
How can an organisation transform its software readiness assessment procedure to enable
agile product development within its current operational infrastructure?
We answer this question by conducting an empirical study with a major automotive OEM,
which introduces microservice architectures to address the need for more flexible and faster
software development. The automotive industry is well-suited to conduct this study, as
OEMs have already established IT departments and provide digital services, which are
qualitatively assessed before going live. Furthermore, they are in the process of digital
transformation, which is a topic of great concern to them. Despite that, the industry is still
looking for applicable solutions to guide this process. As Tian et al. (2016, p. 6) point out, a
major “challenge for automotive companies is to operate and innovate like IT companies
and make the car a central part of an ecosystem that merges cyber-physical content and social
networking, as well as agile processes for development”.
The remainder of this article is structured as follows: In section 2 we present the theoretical
background on digital transformation, SRA procedures and agile product development.
Section 3 outlines the applied methodology for the investigation. Section 4 comprehensively
describes the procedure within the case company as well as an applied modelling approach.
Subsequently, section 5 discusses the validation of our approach by means of three software
projects. Section 6 discusses the findings in terms of its managerial and scientific
implications. Finally, section 7 gives a brief summary, outlines the research limitations and
points out room for future scientific activities.

2 Theoretical Background

Microservice Architecture

As digital products and services become more individualized, fragmented into smaller
features and time-to-market-cycles shortened (Olsson et al., 2012), microservice
architectures have gained in popularity. Microservices (MS) are not firmly defined but can
be approximated by a number of characteristics (Wolff, 2017). MS are inspired by service-
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oriented architectures and are small, self-contained services that are independently processed
and communicate event-based, e.g. via APIs (Dragoni et al., 2017). They are introduced to
split large software systems into smaller components (Wolff, 2017). MS can be
independently deployed, function autonomously and possess their own data storage
(Hasselbring and Steinacker, 2017). They are built around business capabilities and
overcome the limited scalability of monolithic systems. Typically, they are created and
owned by one team, following a DevOps approach (Dragoni et al., 2017), characterized by
limited scope and limited functional requirements (Nadareishvili et al., 2016).

Agile Software Development

In order to meet flexible and fast product delivery, more and more large companies adopt
agile development methodologies (Henriques and Tanner, 2017) replacing the
predominantly traditional ones, such as the waterfall procedure, as they are not suited for
immediate requirement changes (Kotaiah and Khalil, 2017). To specify agility, most
researchers rely on the definition of the Agile Manifesto that is based on practitioner's
experience (Hummel, 2014) and comprises four values and twelve principles (Beck et al.,
2001). In adopting agile methods, organizations expect to raise productivity, product and
service quality, and accelerate their software development cycles (Dingseyr and Lassenius,
2016). Many researchers have investigated a number of agile software development
methodologies, such as eXtreme programming, Crystal, SCRUM and Feature Driven
Development. Generally, the agile development process iteratively goes through the multiple
phases, i.e. requirements definition, design, implementation, testing, review and completion
(Kotaiah and Khalil, 2017), by promoting small release cycles, which continuously integrate
customers into the development process, that is iteratively in defined periods (Hummel,
2014), and new code as soon as it is ready (Abrahamsson, 2002). Software is developed lean
and fast, following a minimal viable product (MVP) approach, thus allowing to grow
incrementally over time. Agile development methodologies emphasize continuous product
delivery, enabled by the regular integration of code during development (Dingseyr and
Lassenius, 2016). Software shall be kept constantly in a releasable state. Therefore,
organisations have to automate software building, deployment, testing and release processes
(Humble and Farley, 2011). In addition, continuous delivery makes it necessary to adopt a
development team composition and assigning responsibility within an organisation. Teams
are vertically structured and follow a DevOps approach, taking an end-to-end responsibility
for the product where software development and operations are combined (Dingseyr et al.,
2014). In order to instantly know when software is in a releasable state respective assessment
processes also have to be set-up.

Software Readiness Assessment

Before a software product is released to the market or integrated into the goods, assessing
its readiness is critical to ensure correct operations. Operational readiness refers to a concept
that attempts to quantify the “probability that, at any point in time, the system is ready to be
placed into operation on demand when used under stated conditions” (Kececioglu, 2003, p.
24). Subsequently, procedures to predict operational readiness have been investigated and
developed by researchers and practitioners in the form of software maturity (SM) (Mankins,
2009), release readiness (RR) (Al Alam et al., 2017) and software readiness (SR) (Asthana
and Olivieri, 2009). All of these research streams examine the assessment of software by
certain criteria in order to support the decision between releasing software too early or too
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late (Quah, 2009). The division among them is blurred as the definitions for RR (Al Alam et
al., 2016), SM (Schaefer, 2009), and SR (Olivieri, 2012) are not well-defined and the terms
“maturity” and “readiness” are used synonymously (Gove and Uzdzinski, 2013).
Nevertheless, we use the term “software readiness” without the intention to exclude relevant
publications on “software maturity” or “release readiness”, since it is the designated term
within the case company. Typically, SRA are conducted at several points during a software’s
life cycle and, depending on the organization, can be either a small or an extensive, highly
formal process that involves external peer reviewers. However, assessing technologies poses
various organizational and methodological challenges, from choosing the right metrics to
ensuring and achieving the right technology level across multiple systems (Mankins, 2009).
The purpose of SRA methods is the identification of a discrepancy, which will be resolved
by subsequent improvement actions (Pfeffer and Sutton, 1999; Mettler, 2011). Common
approaches to assess SR are checklists, industry standards and academically developed
methodologies (Asthana and Olivieri, 2009). Since Gibson and Nolan (1974) first introduced
a four-stage maturity model, (Gibson and Nolan, 1974) many more assessment models have
been developed over the years: the capability maturity model (CMM) (Paulk et al., 1993),
the ISO/IEC 15504 norm for software process improvement and capability determination, a
defect tracking method using predictive modelling approaches (Quah, 2009) or the IT
Capability Model Framework (IT-CMF) (Curley and Kenneally, 2012).

Deciding the readiness of software “requires continuous and customized measurement” (Al
Alam et al., 2017, p. 382), and often these decisions are based on good practices subject to
an informant’s bias (Mettler, 2011). Further investigation on how methods can be used and
applied in existing maturity assessment methods, that is, the existing operational
infrastructure of an organisation, is needed. The models are highly complex and specialized,
which is why the majority of the information gathering tasks are still carried out manually
(Proenca and Borbinha, 2016). Research on assessing SR is ongoing and as Mettler (2011,
p.82) points out “lots of these models do not describe how to effectively perform these
actions. As software development methodologies shift towards agile, SRA procedures have
to transition as well, and researchers are even calling for an agile software assessment
discipline, which is the “study of the tools and techniques that will allow developers to
integrate analysis tools into the daily workflow of software development” (Nierstrasz and
Lungu, 2012, p. 3).

3 Research Methodology

Case Research

To investigate the transformation of software readiness assessment processes, we conducted
an interpretative case study with an automotive OEM using a phenomenon-based research
approach. We chose to conduct a case study as it allows the investigation of organizational
problems in their natural environment. In essence, case studies aim to clarify the reasons for
decisions, how they are implemented, and what are their outcomes (Schramm, 1971). Thus,
we are able to gain valuable insights into understanding the complexity of operational
transformations of SRA procedures that are considered in the problem-solving process and
artefact design (Recker, 2013). Phenomenon-based research enables us to study an
organization in its real-life environment and allows us to consider the restrictions and
impediments organizations face (Krogh et al., 2012). Corresponding with the four key
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characteristics outlined by Paré (2004), case research in this context is useful as the subject
of investigation is complex, it cannot be studied outside its environmental context, there is
insufficient theoretical knowledge and a holistic approach is needed.

Following the activities for phenomenon-based research outlined by Krogh et al. (2012) (see
Figure 1) we began by identifying the research problem (Yin, 2014). Further, we intensified
the exploration of the subject by collecting data on the OEM’s SRA processes, screening
documents and conducting semi-structured interviews with employees (Mayring, 2014). By
applying conceptual modelling (Hoppenbrouwers et al., 2005) we analysed the OEM SRA
procedure and developed a software readiness template (SRT) based on the current
procedure. Subsequently, we developed the continuous delivery checks (CDC), thus aligning
the OEM’s assessment procedure to it prevalent agile infrastructure. Following a Human
Risk and Effectiveness Strategy for evaluating design science research strategies, the SRT
was validated by means of three MS development projects (Venable et al., 2016).

SR Template Continuous Project

Explore Study Case Design Delivery Checks Validation Interpret
Literature Review Data collection Data analysis SRA requirements in Evaluation strategy in Discussion of
Problem identification Document screening Conceptual Modeling accordance to MS design science research ~ managerial and
Case planning Semi-structured of SRA process in UML  project characteristics SRT application by scientific implications

interviews Deficiency identifica- Conceptual modelling three microservice and generalization
Additional literature tion and agile SRA of agile SRA procedure = projects
review requirement derivation Interviewing and

Construct identification qualitative analysis

Figure 1. Methodological approach following (Krogh et al., 2012)

Case Description

The study took place at the central headquarters of an automotive OEM where the corporate
IT department is situated. The time period of observation and collaboration stretched from
01.02.2017 to 15.08.2017. The case company has an annual turnover exceeding 10 billion
Euros and over 100,000 employees of which the large majority works in production. The
OEM produces vehicles at multiple facilities throughout the world and is a public limited
company. The OEM’s product portfolio ranges from compact to premium segment vehicles.
In the course of its digitization strategy, the OEM wants to increase the number of digital
products, that is digital services. The company has an IT department that not only provides
infrastructural IT services, but also takes responsibility for software projects on both product
and corporate levels. Software development projects primarily act within waterfall
environments, but occasionally proceed in an agile way. The OEM’s SRA approach is owned
and supported by a separate unit within the IT testing department. The OEM intends to
transition its software project development methodology from predominantly waterfall
procedures to an agile delivery management. Therefore, the IT architecture has to be aligned
with a more flexible and customer-centred focus that enables fast digital service
developments within software projects. To meet these demands, the IT architecture
department introduced the concept of microservice (MS) architecture and has supported
several software development projects to implement it.

Data Collection and Analysis
During the time of the case study, we aimed to get a holistic understanding of the
transformation process of SRA procedures. Accordingly, we used multiple means of data
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collection (Recker, 2013). The SRA information was provided by the department for the
integration of customer and commercial processes in the forms of documents and access to
the company’s proprietary online tool. Further, we conducted semi-structured interviews
with personnel from multiple departments, most notably, the head of the SRA advancement
and management, SRA commissioning managers, software development project teams, the
IT architecture department as well as contiguous business units that contribute to the overall
procedure and qualitatively analysed these (Mayring, 2014).

Continuous Delivery Method

Following, we outline the research results. In section 4.1, we focus on the analysis of the
OEM’s SRA procedure, identify deficiencies out of a MS project perspective and derive
agile assessment requirements. Section 4.2 presents the development approach of a Software
Readiness Template (SRT) that supports MS projects and clarifies how to apply it. Finally,
section 4.3 outlines the continuous delivery checks and the method of how to make the SRA
procedure agile ready and, ultimately, integrable within the organization’s operational
infrastructure.

Software Readiness Assessment Analysis

All software projects within the organization have to complete SRA before going live. The
objective of the SRA is to secure high software quality and adherence to the organization’s
governance and compliance guidelines. The SRA is an internally constructed online tool and
consists of a questionnaire of 171 questions, which is structured in accordance to the
categories of architecture (33/171), test (63/171) and operations (75/171). Within these
categories, it is further divided into different criteria (see Table 1). The majority of the
questions are open-ended, and multiple request for more than one answer, such as the first
question of the assessment: “Have the functional requirements for the system been defined
and documented?” As the focus of this article are the methodological aspects on
transforming SRA procedures, the questions are quoted exemplary.

Architecture Criteria [33] Test Criteria [63] Operations Criteria [75]

Requirements Test Planning and Test Controlling Operation Preparation

Security and Compliance Test Specification Monitoring

Interfaces Test Execution Business Continuity

Monitoring planning Test Evaluation and Test Closure Organisation

Infrastructure (Hardware & Software) Test Data and Test Environment Release Management
Defect Management Service Level Management
Code Quality Configuration Management

Incident / Problem Management
Capacity Management

Change Management

Training, Rollout and Stabilization

Table 1. Criteria of SRA Checks

For each software development project an SRA is initiated with a set-up. The SRA is
structured along five project development phases: “project setup” (8 questions),
“exploration” (33 questions), “sprint” (87 questions), “go live” (21 questions), and
“transition into line” (22 questions). These phases are typically traversed in a subsequent
order. Each answer to a question has to be evaluated with a respective fulfilment degree that
ranges in quartiles from 0 to a 100 %. If a certain score is reached at the end of one phase,
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the project is ready to progress to the next development phase. Answering the entire
questionnaire results in the calculation of a software readiness index (SRI) that has to reach
a specified score to be formally accepted. Regardless of the outcome of the score, defined
“must criteria” have to be met before any software goes live. So, for instance, if the overall
SRI score is 95%, but one “must criterion” was not met, the software will not be accepted to
go live.

The SRA is monitored and supported by commissioning managers (CM) who fill the
questionnaire with partial help from project team members. Thus, the independence of the
assessment is secured. In some occasions, e.g. if a project is time-sensitive and further
resources are needed, multiple CMs may work on one SRA and more may be hired on a
contractual basis. For many answers, documents or some other form of verification needs to
be created in order to be assessed as fulfilled, such as certifying the conclusion of interface
contracts. Figure 2 illustrates the current process within a UML 2 activity diagram.

The SRA is so comprehensive that it is suitable for all of the OEM’s software projects.
However, it is a one-size-fits-all solution as the questionnaire is a monolithic construct and
therefore is not adaptable to individual projects' needs. Regardless of the project
development methodology, such as waterfall or agile, and scope, such as small or large, the
SRA has to be filled in the same way. The SRA phases typically follow the course of a
project’s progress. The organization's current process is best-suited for large-scale, long-
running software development projects, but imposes a significant overhead for digital
products which follow a minimal viable product (MVP) approach and grow incrementally
over time (DevOps). Contrary to the agile principle of response to change, a defined
functionality or feature cannot quickly be implemented and tested under market conditions
as verifications, documents and detailed answers have to be given ex ante in order to be
ready for the release. The online tool offers no central storage management for documents
or any other verifications. Documents and answers cannot be transferred from one project to
another. So, for every project set-up the documents and verifications have to be re-created.
MS projects that are developed agile, have a set of different characteristics, see Table 2, from
which we derived SRA requirements that took into account the artefact design.

-

/ Software Readiness Assessment \
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|
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Determined
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Figure 2. UML 2 Activity Diagram of SRA Procedure



Artefact 3: Agile Software Readiness Assessment Procedures 134

MS Projects SRA Requirement

Minimum viable product development Minimal viable assessment
Automatic performance scaling

Continuous delivery of new features
Use of standardized constructs:

Flexible assessments that adapt with scaling
Assessment as an iterative process
Standardised assessment criteria that projects

Automated test pipeline up to production can accept to comply, build upon and
API gateway for communication

Development environment

revisit (reusability)

DevOps enabled processes

Agile product delivery of build, measure, learn Reactive software assessments

Table 2. SRA Demands for Agile Product Development

In order to get the SRA agile ready, we follow a two-step process. First, we aim to reduce
the answering effort for MS projects and, secondly, integrate the SRA into the OEM’s agile
workflow.

Software Readiness Template

Independent of their size and scope all MS projects share certain architectural features
(Wolff, 2017). Following the SRA analysis (Sec. 4.1), document screening and analysis and
interviews we identified that these projects rely on standardized technical constructs and
organisational implementations. Hence, a set of SRA questions should be answerable by
referring to the basic conditions these standards provide. The first standards we determined
are the characteristics of the MS architecture (see Sec. 2), inherently used by any MS project.
Secondly, MS projects use an automated test pipeline (ATP), a defined tool-based workflow,
an API gateway, that operates as a standardized communication entry point, and a
development environment (DE) that provisions, manages and scales the microservices.
Finally, MS projects follow a DevOps approach. After having identified these standards, we
transferred the SRA questionnaire from the online tool to an excel spreadsheet, which serves
as the working basis. Subsequently, we analysed each one of the 171 SRA questions, and
parts of them, taking an MS perspective of whether required verification can be provided
within a package, is automatable by the use of the ATP, the API gateway and DE, or simply
not applicable anymore. Thereby, we defined the terms as seen in Table 3, and reinsured our
evaluations with two CMs.

Packable: |/ Automatable: Not Applicable:

- SRA questions that can be answered
by the basic conditions that the DE, the
API gateway and ATP provide as
templates

- E.g. is the life-cycle for the
infrastructure components checked
(SRA question 31) by the persons
responsible for the DE

- SRA questions that are automatically
answered for MS projects which use
the DE, the API gateway and ATP for
communication, automated staging,
logging and testing

- E.g. automated tests will be executed
in the background for every code
commit and can be viewed at any time

- SRA questions that are not applicable
to MS development projects

- E.g. responsibilities for hardware
operations

SRA Analysis

85/171 (ca. 50 %) are packable*
17 architecture criteria

42 test criteria

26 operations criteria

SRA Analysis

51/171 (ca. 30 %) are automatable*
10 architecture criteria

27 test criteria

14 operations criteria

SRA Analysis

15/171 (ca. 9 %) are not applicable
0 architecture criteria

1 test criterion

14 operations criteria

Table 3.

*"packable" and "Automatable" are not mutually exclusive

Evaluation criteria of the SRA questionnaire analysis
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As the results in Table 3 show, over 50% of the 171 SRA questions could be answered in a
pre-packaged way. Around 30 % of the assessment verifications can even be automated,
most notably queried test criteria by using the ATP and DE. The 15 questions that were
identified as no longer applicable, mostly relate to the changed application operation through
the DevOps teams. 56 SRA questions were identified to be neither packable nor automatable
and would still need to be manually answered for every MS project. The majority of MS
projects start small and grow over time, for instance, when new functional requirements are
added. Thus, the projects are required to answer certain SRA questions once or iteratively,
e.g. per sprint, depending on certain triggers. In total 18 triggers were identified by working
through the software readiness questionnaire with 2 CMs and elaborating on which
changes/alterations/conditions require a software project to update or readjust the given
answer. Subsequently, we abstracted these triggers and categorized them within the
dimensions: product, business, operations & infrastructure and governance & compliance,
see Table 4.

Trigger Category

Product Business Operations & Governance &
_________________________________________________________________________________ Infrastructure . [Compliance .
New functional req. Scaling and performance API specification changes New security req.

Scaling and performance Global Rollout End-of-life infrastr. compon.  [New compliance req.

Personal data use Extreme scaling changes Change in test cases Personal data use

New service or mainten. req. INew operation critical defects

New Data types DevOps team changes

New functional req. that Emergence of new interface

necessitates user training

6 3 6
Table 4. Trigger Categories and Triggers

Based on these preliminary SRA evaluations, we formulated generalized target picture
answers out of the perspective of an MS development project and checked each proposal
with a commissioning manager. As a result, we created a template of the SRT answers that
could be provided to MS projects as a working basis for their SRA procedure, see Figure 3.
Utilizing the SRT, MS projects get immediate support within the prevalent procedure to fill
the SRA since the answers can be copied and adapted to application specific needs.
Subsequently, project teams can derive tasks and integrate them within their project
management tool. In accordance with agile principles, the SRT template displays if the
question has to be answered once or recurring.
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Phase Must # SRA Question Infra- Trigger Once / SRA MS Project Fulfill- Ms
Criteria structure  Category Iteratively ment Project
Tasks
Requirements
Functional and non-functional Requirements
SPR 3 Are the main KPIs for the non-functional yes  scaling, continually - Iasa MS Project accept base KPIs from the
requirements such as load, performance, performance Development Environment and prove scalability of
availability, restart, re-connectivity, data backup own Microservices by automatic tests
etc. specified? - Key non-functional requirements have to be
defined as Backlog entries (User Stories)
Copy Great effort saving
Answer
Effort
Select SRA Read SRT Adapt SEe
. —> —»{ X Fulfillment
Question Proposal Answer
Degree .
SRT Questioned
Opened No change Filled
Do not use | to Status Quo
answer
. .
Figure 3. Using the MS SRT

4 Continuous Delivery Checks (CDC)
The SRT is the foundation for the conceptual development of the Continuous Delivery

Package (CDP). The CDP is a pre-checked bundle of basic conditions that MS projects
accept and commit to comply with, therefore automatically answering a great amount of the
SRA questionnaire, identified in the previous analysis. According to the MVP approach, MS
projects start small and are advanced with every sprint or when new functional requirements
are added to the service. In order to reduce the time-to-market for MS projects, the CDP is
provided to them. Projects have to check if the basic conditions specified in the CDP are
sufficient for them and if they can ensure to comply with them at their current development
state. For larger projects that cannot agree to commit to the basic conditions, the respective
SRA criteria have to be specified and evaluated as usual.
The CDP is formed by the identified infrastructure components, architectural criteria or
procedures that all MS projects share and is manifested in form of bundled documents,
templates, agreements, lists and links among others, see Figure 4. For instance, the 99.9%
guarantee of the availability of a DE in its standard configuration should be enough for most

MS projects in their initial phase.
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The CDP is part of the Continuous Delivery Checks (CDC), which is a concept that
integrates the SRA procedure within the OEM’s agile development methodology and
conforms to the requirement to continuously deploy software, see Figure 5. Upon project
set-up, a set of the SRA questions is automatically migrated into the project’s backlog. If
MS projects agree to comply with the CDP, a significant amount of these backlog issues is
answered with the pre-defined basic conditions. The residual amount has to be answered by
the project in the respective sprints. The answering and acceptance of backlog issues by the
CM satisfies the SRA when calculating the readiness index. The CDC are conducted
iteratively in accordance to a project’s agile development state and whether a trigger requires
a project to adapt an answer. If MS projects follow the Scrum methodology, sprint cycles
can be a period determining factor. For the increasing variety of software development
projects, e.g. MS projects, this configurable readiness assessment approach can reduce the
evaluation effort as only criteria relevant to the project’s current circumstances and
development state are considered. The CDC provide a solution for an agile SRA by making
the existing procedure flexible to scale with the software.

3 X
_ L —
1
pp— Iecuo k3 8 l_ . -
— — -
‘ Issue n : |
|
I
Project Setup Commitment Backlog Issue SRA Tasks Completion SRA Synchronization . New Functional
1

A Migration in Project Management and Assessment
Software

Requirements

Figure 5. The Continuous Delivery Checks Principle

SRT Test and Validation by Software Development Projects

In accordance to Frank’s (2007) evaluation process model, we first chose a Human Risk and
Effectiveness Strategy for validating a design science research artefact (Frank, 2007;
Venable et al., 2016). As this strategy entails an empirical validation in the natural context,
it is well-suited for case research (Venable et al., 2016). In order to validate the artefact, the
SRT was given to the commissioning managers of three MS projects to perform the
company’s SRA, see Table 5. In this context, the CMs received an introduction about the
structure, how the document is best used and the intentional future implementation of the
CDC. After the application of the SRT, we conducted semi-structured interviews and
qualitatively analysed their feedback, following the summarising content analysis proposed
by Mayring (2014). The CDC methodology relies on the correctness and usability of the
SRT. The SRT is an artefact, which MS development projects should be able to immediately
use, as general, applicable answers are provided. We discuss and interpret the results via a
cross-case analysis (Khan and VanWynsberghe, 2008).

The MS projects were of different scope and addressed distinct services, as can be seen in
Table 5. Project A intended to develop a service that shows which vehicles are in stock in a
certain region to support the point-of-sale representatives. Project B wanted to centralize the
authorization and authentication management for digital products. Project C developed a
remotely connectable infotainment service. Apart from project A, only one CM primarily
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worked on the SRA of their respective MS. The interview data was analysed along the
dimensions usefulness, correctness, completeness, and comprehensibility.

Generally, the projects remarked the SRT to be useful for MS projects to a certain degree,
however their assessment differed, whereas the project context affected the amount of
answers that could be copied. The SRT answers were assessed to be partially correct and
due to the generalist aspiration provide room for interpretation. Therefore, Project A and B
had to adapt many of the suggested template answers. Project A and C noted most of the
SRT answers to be complete. Project B did not disclose any information regarding this
dimension.

Project A Project B Project C

Service Stock locator service Authorisation & Authentication Remote vehicle services
(B2B) Mngmt. Service (B2C, B2B) (B2C)

CMs 2 (internal & external) 1 (internal) 1 (external)

Useful- - To a certain degree helpful - To a certain degree, as general - A significant number of

ness - Conceptually yes, but without answers often still need to be answers were copied and
too lintegration for now an extra adopted - but indicatively useful adapted to project needs
effort - For smaller projects more

usefull than for bigger ones

Correct- - Partially correct answers and - Not wrong, but some proposals - SRT mostly correct, but is not

ness additions were provided are too general and give room  enough as the SRA has to be
for interpretation aligned to agile tools

Complete- |- Mostly complete, but addi- - (No remark) - Complete, but additional

ness tional processes, such as licence standards may be identifiable

agreements, could be added

Compre- - External CM: comprehended - Initial difficulty, but during the - SRT functioning
hensibility [Internal CM: difficult to application learning effects comprehended, however some
comprehend compr. problems due to missing

knowledge about the infrastr.
tasks and processes

Remarks |- For proper usage, agile - For proper usage, agile - The SRT was helpful, but is
integration necessary integration desirable not enough as the SRA still
- External CM: useful - Further improvement by more needs to be aligned to agile tools

categorisation and filter option

Table 5. Overview of test MS projects and validation results

However, both Project A and C provided suggestions that more standards might or could be
supplemented. All projects stated to have had initial comprehensibility concerns, which
could be overcome with progressing SRA answering (Project B and C). Project A’s internal
CM had difficulty comprehending the SRT’s concept. The CM particularly noted that
infrastructural components, such as the DE and ATP, could not give basic conditions, and
instead, the MS projects must state them. The idea of reversing the operational readiness
principle by providing restrictions and not asking for all eventualities was noted to be
difficult to imagine. Contrary, the external CM stated to comprehend its intentional use, and
noted, for proper usage, an integration within the organisation’s agile toolchain to be
necessary for a full, potential benefit exploitation, as did the CMs of Project B and C. Based
on the remarks, especially of the external CM, we adapted certain answers and provided
additional filter features that would make the document more usable. The conceptual idea of
the CDC was regarded to be primarily good and necessary in order to transform the current
rigid process, but a managerial decision to actually transform the SRA was at the time of the



Artefact 3: Agile Software Readiness Assessment Procedures 139

project’s assessment missing, which caused insecurities to arise and employees to conduct
the SRA procedure as usual parallelly.

Discussion

Scientific Implications

Previous studies on digital transformation have focused on current challenges and the
identification of necessary fields of action (Baines et al., 2009, Gimpel and Réglinger, 2015,
Bounfour, 2016). It was suggested that operational procedures need to be adapted, but
methods that support their execution have been scarcely researched. Building on these
findings the present article presents a methodology on the operational level derived from an
empirical case and therefore contributes to the identified demand (Gimpel and Roglinger,
2015). Further, the research on agile SRA is still in its infancy, but is gaining in importance
(Nierstrasz and Lungu, 2012). Our study provides a foundation to the understanding of the
far-reaching implications a setup of agile readiness assessment has. By identifying constructs
and standards that all projects within an organisation use, and further by deriving restrictions
and developing the necessary SRA answers, an approach is provided that may be applicable
to other kinds of software development projects as well.

In addition, agile SRA requirements for MS projects were identified. Contrary to many
studies on the strategic level (Hess et al.,, 2016, Khan, 2016) with regard to digital
transformation, the novelty of this study is the provision of a transformation methodology
by means of empirical data and the identification of impediments when trying to initiate its
implementation. Finally, as for the research on microservice architectures this study provides
further insights about their implementation difficulties.

In sum, this article contributes to the understanding of how manufacturing organizations can
transform their SRA procedure to suit agile development methods by providing a
methodology that takes the existing operational infrastructure into account. This study
demonstrates on an operational level that the decision to become a solution provider and its
resulting consequences challenge an organisation’s operational procedures as a
transformation is a process, stretching over a period of time. Consequently, existing software
readiness assessment (SRA) processes have to be managed and maintained, while new ones
have to be implemented. In this respect, the study highlights the notion of previous findings
that digital transformation is a complex venture that affects many sections within an
organisation (Hess et al., 2016).

Managerial Implications

On a managerial level, we can learn from this study that deciding to implement a new
architecture pattern in order to improve software development processes, has far more
reaching consequences than can be previously envisioned. Setbacks have to be accepted and
key stakeholders need to be aware that transforming processes can result in additional
efforts. That is why it is crucial to include, if possible, all contributing parties. Further,
manufacturers that aspire to be leading digital service providers, have to be able to enable
fast and flexible product development if they want to stay competitive in the market.
Processing IT projects in accordance to these requirements poses difficulties to OEMs as
their current structures cannot operationally handle these requirements. It could be observed
that the SRA procedure is a reflection of the organization’s product-centric structure, which
is oriented around the development and advancement of physical goods. Software
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development projects are processed in a rather waterfall environment, where it is required to
answer to all eventualities ex ante rather than respond to change. As Hess et al. (2016, p. 2)
point out, “managers often lack clarity about the different options and elements they need to
consider in their digital transformation endeavours®. This study demonstrates these different
elements and the methodology provides instructions of how to adapt agile assessment
procedures.

Conclusion

In this study, we conducted an empirical investigation with an automotive OEM that
introduced microservice (MS) architectures as part of a transformation initiative to enable
fast digital product development. Thereby, we investigated the question of how to transform
the organisation’s software readiness assessment (SRA) procedure under consideration of
its current operational infrastructure. We therefore analysed the existing process by
reviewing literature, screening documents, conducting interviews, and by identifying current
deficiencies and agile assessment requirements. Based on these results, the SRA was
transferred into a working document to provide a basis for the development of an applicable
software readiness template (SRT) for MS projects. On the foundation of the SRT we created
the concept of Continuous Delivery Checks (CDC) by providing an initial framework of
basic conditions of constructs and processes all MS projects use. The intention of the CDC
is to reduce the answering effort and makes the organisation’s SRA flexible, as well as
integratable within its agile toolchain or its operational infrastructure. It allows DevOps
teams to administer the SRA as part of their tasks of the respective sprint within one project
management tool. The SRT was validated by three MS projects and respectively adapted.
We observed the SRT to be a useful intermediary step within the transformation process to
an agile software assessment procedure, but its successful implementation and adoption
depends on the integration of all contributing departments and cannot be executed
independently. In this context, we noticed employees to have difficulties to change their
mindset, though majoritarian they supported the concept of the CDC. In addition, without
the implementation of the CDC and a managerial mandate the created artefact was not as
beneficial to the MS projects, as it could have been.

The CDC is an approach to transform business operations and to contribute to propelling the
development of digital products and services, thus leveraging the application of digital
technologies, such as MS, in order to enhance customer value, both being focal points of
companies leading digital transformation (Berman, 2012). Further, the approach
demonstrates a way on how to integrate assessment processes within agile development
processes, which increases the application benefit of the organisation’s agile tools in use.
After all, the potential of agile project development supporting technologies cannot be
exploited if an organisation’s operations remain unaltered and unintegrated. The
methodology has been positively received by the person responsible for the SRA
advancement and management. By the time of writing, a mandate within the organisation
was created based on the findings of this study, which promotes the advancement and
implementation of the CDC or agile SRA.

However, the findings of this study are subject to the following limitations. As is typical for
case study methods research, not all variables could be controlled, despite the high
dependence of observations and artefacts on the study context, thus complicating replication



Artefact 3: Agile Software Readiness Assessment Procedures 141

(Recker, 2013). The case research was conducted with one manufacturing company and the
question is whether the application in a different organisation, or set of organisations, from
different industries would have resulted in a different methodological approach. Further, the
validation of the SRT with different MS projects could have possibly yielded different
feedback. In order to address these limitations, we endorse further empirical research on
digital transformation ventures both with companies of the same, and of different, industries.
This article can provide the background for further research on the transformation of agile
SRA in operational procedures in more broader terms. Theoretically, the unification or clear
differentiation of software maturity, release readiness and software readiness assessments
by providing definitions or characteristics are topics of future interest. Also, investigating
the applicability of the developed procedure across different industries as well as the research
on complementing methods and further advancement of the existing ones, provide many
points of reference for future research as generally applicable tools still need to be developed.
Additionally, the integration of agile SRA procedure within agile development methods is a
topic of growing concern. The current study could be expanded on in additional software
development projects, other than MS, generalizing the results to formulate comprehensive
transformation frameworks.
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5.5 Continuous Software Readiness Assessments for Agile

Development

Continuous Software Readiness Assessments for
Agile Product Development

A case of how an OEM transformed its IT
development operations

ANDRE LUDWIG, Kuehne Logistics University
JUN SHEN, University of Wollongong
MARCUS GRIEGER, Kuehne Logistics University

Agile software development empowers fast and continuous software delivery. However, in
order to ensure that delivered software is constantly in a viable state, software readiness
assessments need to be conducted continuously as well. Together with an automotive OEM
that introduces microservices architectures and agile software development, we investigated
the transformation of its software readiness assessment (SRA) procedure. In this article we
present our findings and introduce a template and a methodology that guides an organization
during their transformation. Our artifacts are further validated by means of three MS projects
and respectively adapted.

KEYWORDS
Software readiness assessment, agile software development, microservices

To achieve continuous and fast software development, progressively companies are adopting
agile development methodologies to increase productivity, improve product and service
quality, and to shorten development cycles.* In doing so, software is developed
incrementally over time while continuously integrating and deploying code following a
minimal viable product (MVP) approach.

Nevertheless, companies are struggling to adapt their internal operations and IT
infrastructures to these collaborative, fast and flexible product development methodologies.
In particular, processes which are responsible in assuring that software is in a releasable
state, i.e. it fulfills certain security and quality levels within a given IT infrastructure, are
especially difficult.

Typically, organizations set up mechanisms and processes to assess a software’s market
readiness utilizing software readiness assessment (SRA) procedures.” They attempt to
quantify the “probability that, at any point in time, the system is ready to be placed into
operation on demand when used under stated conditions”.!! Common approaches of
assessing software readiness are checklists, industry standards and academically developed
methodologies, e.g. ISO/IEC 15504 and Capability Maturity Models (CMM).

As software development methodologies shift towards agile, SRA procedures require to be
transitioned as well. Researchers and some software system practioners are even calling for
an agile software assessment discipline, involving the “study of tools and techniques that
will allow developers to integrate analysis tools into the daily workflow of software
development”.'® Principles of agile software development must be applied to new software
systems in a way which assures a quick and continuous assessment. Currently, there is a lack
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of information on how to transform SRA procedures within operational units and the need
for applicable processes that fit into existing IT environments is evident.

In this article we present an approach for the transformation of an organization’s SRA
procedures to suit agile development methodologies. We want to give practical guidance on
how to facilitate this transition in an approach that integrates with the existing operational
infrastructure. Our findings are based on an empirical study with a major automotive original
equipment manufacturer (OEM). The OEM currently introduces microservice (MS)
architectures to address the need for more flexible and faster software development. It has
already established IT departments that provide software services, which are qualitatively
assessed before going live. We build upon standardized technical and organizational
constructs inherent to MS projects and introduce a template and methodology that guides an
organization during the transformation. Our artifact is validated by means of three MS
projects and respectively adapted. The findings suggest such an artifact to be a useful
intermediary step that requires the integration of all contributing departments for a successful
implementation.

SOFTWARE READINESS ASSESSMENTS DEMAND AGILITY

Microservice architecture. Fragmentation of software into smaller features has gained
popularity as it allows for more individualization, dynamic composition and shorter time-to-
market-cycles.!” Microservice architectures, inspired by service-oriented architectures,
allow us to split large software systems into smaller components of self-contained services
that are independently processed and communicate event-based, e.g. via APIs.?! They can
be independently deployed, function autonomously and possess their own data storage.® MS
are built around business capabilities, characterized by limited scope and functional
requirements overcoming the narrow scalability of monolithic systems. Typically, they are
created and owned by one team, following a DevOps approach.®

Agile Software Development. With the increasing dissemination of MS architectures, more
and more companies are adopting agile development methodologies for flexible and fast
product delivery.’ They replace traditional procedures, such as waterfall approaches, as they
are not suited for ongoing requirement changes.!? Agile software developments as defined
by the Agile Manifesto? has led to a number of agile approaches, such as eXtreme
programming, Crystal, SCRUM and Feature Driven Development. They usually encompass
iteratively short release cycles that permanently produce new code following an MVP
approach. Agile development methodologies emphasize continuous product delivery,
enabled by the regular integration of code during the development stage.* Thus, software
needs to be kept constantly in a releasable state and organizations have to automate software
building, deployment, testing and release processes as much as possible.!® Development
teams that are vertically structured (DevOps) and take an end-to-end responsibility for
software development and operations, are typical examples of groups employing continuous
delivery.’

Software Readiness Assessment. While MS architectures and agile software development
have obvious advantages before a software product is released, assessing its readiness for
correct operation is crucial. Therefore, over the last few years several procedures attempting
to quantify the probability of correct operation and that can predict operational readiness
have been developed. Prominent examples are the capability maturity model (CMM),'® the
ISO/IEC 15504 norm for software process improvement and capability determination, a
defect tracking method using predictive modeling approaches?® and the IT Capability Model
Framework (IT-CMF).? While the division among them is partially blurred and terms such
as maturity or readiness are used synonymously, they have the common purpose of
identifying discrepancies to be resolved by subsequent improvement actions.!* SRA



Artefact 3: Agile Software Readiness Assessment Procedures 149

procedures are conducted at several points during a software’s life cycle and can be more or
less extensive, which poses both organizational and methodological challenges from
choosing the right metrics to ensuring and achieving the right technology level.!* Many of
those procedures are highly complex and specialized, which is why the majority of
information gathering tasks are still carried out manually.!® Research on SRA is ongoing and
as Mettler!®> points out, “lots of these models do not describe how to effectively perform
these actions”. As software development methodologies shift towards agile, SRA procedures
must transition as well. Deciding on the readiness of software requires continuous and
customized measurements as well as tools and techniques that integrate SRA into
incremental software development processes.!

PROGRESSING TOWARDS AGILE SOFTWARE READINESS
ASSESSMENTS

For the generation of an approach that transforms SRA procedures to be integrable with agile
development, we conducted an interpretative case study with an automotive OEM. We began
by identifying the underlying problems and further intensified our exploration by collecting
data on the OEM’s SRA processes by screening documents and conducting semi-structured
interviews. After having analyzed the OEM’s SRA procedure we conceptually modeled and
built a software readiness template (SRT). Based on the SRT we developed the continuous
delivery checks (CDC), a method that aligns the OEM’s assessment procedure to its
prevalent agile infrastructure. At the end, the SRT was validated by means of three MS
development projects.

Our case study was conducted at the central headquarters of an automotive OEM with its
corporate IT department between January 2017 and August 2017. The OEM has an annual
turnover exceeding 10 billion Euros and over 100,000 employees, producing vehicles
ranging from the compact to the premium sector. The OEM’s digitization strategy involves
increasing the number of IT services around its vehicle environment. The company has an
IT department that not only provides infrastructural IT services, but also takes responsibility
for software projects on both product and corporate levels. The OEM’s SRA approach is
owned and supported by a separate unit within the IT testing department. The OEM intends
to transition its software project development methodology from predominantly waterfall
procedures to agile delivery. Therefore, the IT architecture must be aligned with a more
flexible and customer-centered focus that enables fast software service developments. To
meet these demands, the IT department introduced the concept of microservice architecture
and has supported several software development projects implementing it.

To support our investigation the OEM’s IT department provided SRA information in the
form of documents along with access to the company’s proprietary tool set. Further, semi-
structured interviews were conducted with personnel from multiple departments, most
notably, the SRA advancement and management department head, SRA commissioning
managers (CM), software development project teams, the IT architecture department as well
as the contiguous business units that contribute to the overall procedure.

THE CONTINUOUS DELIVERY METHOD FOR AN AGILE SRA

To get the SRA agile ready we followed three steps. First, we analyzed the OEM’s current
SRA procedures, identified deficiencies out of a MS project perspective and derived agile
assessment requirements. Second, we developed a more concise version of a checklist for
MS projects and created a Software Readiness Template (SRT). Third, we integrated the
SRA into the OEM’s agile workflow.

Analysis of the current state and deficiencies of SRAs. Before going live, all software
components must complete an SRA to secure high software quality and adherence to the
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organization’s governance and compliance guidelines. The SRA was implemented in an
online tool and consists of a questionnaire with 171 questions categorized into architecture
(33/171), test (63/171) and operations (75/171) (see Table 1 for an overview).

For each software development project, an SRA is initiated that goes through five subsequent
phases with associated questions: “project setup” (8 questions), “exploration” (33 questions),
“sprint” (87 questions), “go live” (21 questions), and “transition into line” (22 questions).
Each answer to a question is evaluated with a respective fulfillment degree that ranges in
quartiles from 0 to a 100%. If a certain score is reached at the end a phase, the project
progresses to the next development phase. Completion of the questionnaire is followed by
the calculation of a software readiness index (SRI) which requires meeting a specified
minimum score to be formally accepted. Regardless of the outcome of the score, defined
“must criteria” is to be met before any software goes live.

The SRA is monitored and supported by CMs who fill the questionnaire with assistance by
project team members. Thus, the independence of the assessment is secured. For many
answers, documents or other forms of verification needs are created. Figure 1 illustrates the
current process within a UML 2 activity diagram.

Architecture Criteria [33] Test Criteria [63] Operations Criteria [75]

Requirements Test Planning and Test Controlling Operation Preparation

Security and Compliance Test Specification Monitoring

Interfaces Test Execution Business Continuity

Monitoring planning Test Evaluation and Test Closure Organization

Infrastructure (Hardware & Software) Test Data and Test Environment Release Management
Defect Management Service Level Management
Code Quality Configuration Management

Incident / Problem Management

Capacity Management

Change Management

Training, Rollout and Stabilization Tqple 1.

Criteria of SRA Checks.

7 N\

SRACM | S LU L LR et L L
Determined! 4 <<iterative>> Software Development Phase Assessment ) Developmt. "
' s \

Docu- Docu- —>{Phase Oper.|
Ready
[1 ]

[SRI Phase Software
Sufficient] Operation.
Read:

Figure 1. UML 2 Activity Diagram of SRA Procedure.

The current SRA is used as a one-size-fits-all solution for all software projects and the
monolithic questionnaire construct is not adaptable to individual projects' needs. Regardless
of the project development methodology, such as waterfall or agile, and scope, such as small
or large, the SRA must be filled in the same way. It is best suited for large-scale, long-
running software development projects, but imposes a significant overhead for those that
follow an MVP approach and grows incrementally over time (DevOps). Contrary to the agile
principle of response to change, a defined functionality or feature cannot quickly be
implemented and tested under market conditions as verifications, documents and detailed
answers need to be given ex ante to be ready for the release. The online tool offers no central
storage management for documents or any other verification. Further, documents and
answers cannot be transferred from one project to another. So, for every project set-up the
documents and verifications must be re-created. MS projects that are developed agile, have
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a set of different characteristics, see Table 2, from which we derived SRA requirements for
our artifact design.

MS Projects

Minimum viable product development

Automatic performance scaling

Continuous delivery of new features

Use of standardized constructs:
Automated test pipeline up to production
API gateway for communication
Development environment
DevOps enabled processes

Agile product delivery of build, measure, leam

SRA Requirement

Minimum viable assessment

Flexible assessments that adapt with scaling
Assessment as an Iterative process

Standardized assessment criteria that projects can
accept to comply with, build upon and revisit
(reusability)

Reactive software assessments

Table 2.
SRA demands for agile product development.

Reducing SRA efforts with software readiness templates. Independent of size and scope all
MS projects share certain architectural features.?! Following the SRA analysis described
above along with interviews, we were able to identify that these projects rely on standardized
technical constructs and organizational implementations. Hence, a set of SRA questions
should be answerable by referring to the basic conditions these standards provide. The first
standards we determined are the characteristics of the MS architecture inherently used by
any MS project. Secondly, MS projects use an automated test pipeline (ATP), a defined tool-
based workflow, an API gateway that operates as a standardized communication entry point,
and a development environment (DE) that provisions, manages and scales the microservices.
Finally, MS projects follow a DevOps approach. After having identified these standards, we
analyzed each one of the 171 SRA questions, taking an MS perspective of whether required
verification can be provided within a package is automatable using the ATP, the API
gateway and DE, or simply no longer applicable. Thereby, we defined the terms as seen in
Table 3, and reinsured our evaluations with two CMs.

Packable:

Automatable:

Not Applicable:

- SRA questions that can be
answered by the basic conditions
that the DE, the API gateway and
the ATP provide as templates

- E.g. is the life-cycle for the
infrastructure compenents checked
(SRA question 31) by the persons
responsible for the DE

- SRA questions that are automatically
answered for MS projects which use
the DE, the API gateway and ATP for
communication, automated staging,
logging and testing

- E.g. automated tests will be executed
in the background for every code
commit and can be viewed at any time

- SRA questions that are not
applicable to MS development
projects

- E.g. responsibilities for
hardware operations

SRA Analysis

85/171 (ca. 50%) are packable*®
17 architecture criteria

42 test criteria

26 operations criteria

SRA Analysis

51/171 (ca. 30%) are automatable®
10 architecture criteria

27 test criteria

14 operations criteria

SRA Analysis

15/171 (ca. 9%) are not applicable
0 architecture criteria

1 test criterion

14 operations criteria

*"Packable” and "Automatable” are not mutually exclusive Table 3

Evaluation criteria of the SRA questionnaire analysis.

As the results in Table 3 show, over 50% of the 171 SRA questions could be answered in a
pre-packaged way. Around 30% of the assessment verifications can even be automated, most
notably queried test criteria by using the ATP and DE. The 15 questions that were identified
as no longer applicable mostly relate to the changed application operation through the
DevOps teams. 56 SRA questions were identified to be neither packable nor automatable
and would still need to be manually answered for every MS project. Most MS projects start
small and grow over time, for instance, when new functional requirements are added. Thus,
the projects are required to answer certain SRA questions either once or iteratively, e.g. per
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sprint, depending on certain triggers. In total, 18 triggers were identified by working through
the software readiness questionnaire with 2 CMs and elaborating on which
changes/alterations/conditions require a software project to update or readjust the given
answer. Subsequently, we abstracted these triggers and categorized them within the
dimensions: product, business, operations & infrastructure, and governance & compliance
(see Table 4).

Trigger Category
Product Business Operations & Governance &
Infrastructure Compliance
New finctional req. Scaling and performance APIT specification changes New security req.
Scaling and performance Global Rollout End-of-life infrastr. compon.  (New compliance req.
Perzonal data use Extreme Scaling Changes Change in test cases Personal data use
New serviceor mainten. req. New operation critical defects
New Data types DevOps team changes
New functional req. that Emergence of new interface
necessitates user training
6 3 6

* Table 4.
Trigger categories and triggers.

Next, we transferred the 171 questions to an excel spreadsheet and formulated generalized
target picture answers out of the perspective of an MS development project based on our
preliminary SRA evaluations. In this process, we checked each proposal with a CM and built
a template of the SRT answers that could be provided to MS projects as a working basis for
their SRA procedure, see Figure 2.

Phase Must # SRA Question Infra- Trigger Once / SRA MS Project Fulfill- MS
Criteria structure  Category Iteratively ment  Project
Tasks
Requirements
Functional and non-functional Requirements
SPR 3 Are the main KPIs for the non-functional yes  scaling, continually - 1as a MS Project accept base KPIs from the
requirements such as load, performance, performance Development Environment and prove scalability of
availability, restart, re-connectivity, data backup own Microservices by automatic tests
etc. specified? - Key non-functional requirements have to be

defined as Backlog entries (User Stories)

Copy Great Effort Saving

—>

Answer
Effort ST
Select SRA Read SRT L > Adapt Saving e
Question Proposal Answer > e
. No Change To Q;iit:;)n
Opened Do Not Use Status Quo ille

L

Answer

Figure 2. Using the MS SRT.

Utilizing the SRT, MS projects get immediate support within the prevalent procedure to fill
the SRA since the answers can be copied and adapted to the specific application.
Subsequently, project teams can derive tasks and integrate them within their project
management tool. In accordance with agile principles, the SRT template displays if the
question must be answered once or recurrently.

Continuous Delivery Checks. The SRT is the foundation for the conceptual development of
the Continuous Delivery Package (CDP). The CDP is a pre-checked bundle of basic
conditions that MS projects accept and commit to comply with. Thus, they can automatically
answer a large amount of the SRA questions identified in the previous analysis. According
to the MVP approach, MS projects start small and are advanced with either every sprint or
when new functional requirements are added to the service. To reduce the time-to-market
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for MS projects, the CDP is provided to them. Projects must check if the basic conditions
specified in the CDP are sufficient for them and if they can ensure to comply with them at
their current development state. For larger projects that cannot agree to commit to the basic
conditions, the respective SRA criteria must be specified and evaluated as usual.

Infrastructure-as-a-Service L ___

APL-Gateway - Protection levels R NN
- q
DE AN A7
S~ . o \
. ~| Licensing agreements |- 4.: { \
ATP / \\ ~ N N \\,I| ] \
AN S . ] Y
+_ |Interface requirements "/ ! |
DevOps Approach N ro v
\

Legal requirements ]

,// Y Transfer protocols

Microservice Architecture / ] Architectural -
LT :'_ - acceptance criteria S
E “~~~__[ Technical compliance |-’ Continuous Delivery
— =S 4
measures Package for MS Projects

Figure 3. Building the Continuous Delivery Package.

The CDP is formed by the identified infrastructural components, architectural criteria and
procedures that all MS projects share and is manifested in the forms of bundled documents,
templates, agreements, lists and links among others, see Figure 3. For instance, the 99.9%
guarantee of the availability of a DE in its standard configuration should be enough for most

MS projects in their initial phase.

Continuous Delivery Checks

|
Q o e
A ey O oy | =
——— __l W 8 L*I:I _____ » 1OP I | [/ -
$ O U R

New Functional

Project Setup Commitment Backlog Issue SRA Tasks Completion SRA Synchronization
Requirements

? Migration in Project Management and Assessment
Software

Figure 4. The Continuous Delivery Checks Principle.

The CDP is part of the Continuous Delivery Checks (CDC), which conceptually integrates
the SRA procedure within the OEM’s agile development methodology and conforms with
the requirement of continuously deploying software (see Figure 4). Upon project set-up, a
set of SRA questions is automatically migrated into the project’s backlog. If MS projects
agree to comply with the CDP, a significant amount of these backlog issues is answered with
the pre-defined basic conditions. The residual amount must be answered by the project in
the respective sprints. The answering and acceptance of backlog issues by the CM satisfies
the SRA when calculating the readiness index. The CDC are conducted iteratively in
accordance to a project’s agile development state and whether a trigger requires a project to
adapt an answer. If MS projects follow the Scrum methodology, sprint cycles can be a period
determining factor. For the increasing variety of software development projects, e.g. MS
projects, this configurable readiness assessment approach can reduce the evaluation effort as
only criteria relevant to the project’s current circumstances and development state are taken



Artefact 3: Agile Software Readiness Assessment Procedures 154

into consideration. The CDC provides a solution for an agile SRA by making the existing
procedure flexible to scale with the software.

TESTING AND EVALUATING THE SRT

We conducted an empirical validation in the natural context to test and evaluate our
approach. We gave the SRT to the commissioning managers of three MS projects to perform
the company’s SRA. The CMs received an introduction about the structure, how the
document is used and how we propose to embed it in a future implementation of the CDC.
Afterwards, we conducted semi-structured interviews and qualitatively analyzed their
feedback following the content analysis proposed by Mayring'* along the dimensions of
usefulness, correctness, completeness, and comprehensibility.

The MS projects had different scopes and addressed distinct services. Project A develops a
service that shows which vehicles are in stock in a certain region to support point-of-sale
representatives. Project B centralizes authorization and authentication management. Project
C develops a remotely connectable infotainment service. Apart from project A, one CM
primarily worked on the SRA of their respective MS.

Generally, the CMs of the projects remarked the SRT to be useful for MS projects, however
their assessments differed. The SRT answers were assessed to be by the majority as correct
but, due to the intention of generalization in some parts, too open for interpretation.
Therefore, Project A and B had to adapt a number of the suggested template answers. Project
A and C noted most of the SRT answers to be complete whereas project B did not disclose
any information regarding this dimension. Both Project A and C suggested that more
standards could be supplemented. All projects stated to have had initial comprehensibility
concerns, which only projects B and C overcame after progressing through the SRAs. Project
A’s internal CM had difficulty comprehending the SRT’s concept. The CM particularly
noted that infrastructural components, such as the DE and ATP, could not give basic
conditions and that the MS project must state them. The idea of reversing the operational
readiness principle by providing restrictions and not asking for all eventualities was noted to
be difficult to imagine. The external CM stated to have comprehended its intentional use,
and noted that for proper usage, integration within the organization’s agile tool chain is
necessary for full potential benefit exploitation, as did the CMs of Project B and C. Based
on the remarks, we adapted certain answers and provided additional filter features to make
the document more usable. The conceptual idea behind the artifact was regarded to be
primarily good and necessary by the person responsible for the SRA advancement and
management to transform the current rigid process. By the time of writing, a mandate could
be created based on the findings of this study, which promotes the advancement and
implementation of the CDC within the organization.

CONCLUSIONS AND OUTLOOK

In this article we reported an empirical case study conducted with an automotive OEM. We
investigated the question of how to transform the organization’s software readiness
assessment procedure to suit agile development methods. On a managerial level, we can
learn from this study that deciding to implement a new architecture pattern to improve
software development processes has far more reaching consequences than can be previously
envisioned. Our study provides a foundation to the understanding of the implications an agile
readiness assessment setup has. By identifying constructs and standards that all projects
within an organization use, and further by deriving restrictions and developing the necessary
SRA answers, an approach is provided that may be applicable to other kinds of software
development projects. The novelty of this study is the provision of a transformation
methodology by means of empirical data and the identification of impediments when trying
to initiate its implementation.
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This article can provide the background for future work on the transformation of agile SRA
in operational procedures in broader terms. One starting point for future work could be a
clear differentiation of software maturity levels, release readiness and software readiness
assessments by providing definitions or characteristics of these topics. The current study
could be expanded within additional software development projects, other than MS,
generalizing the results to formulate comprehensive transformation frameworks. As our
investigation has only been conducted with one manufacturing company, application within
different organizations from different industries would be interesting and could extend
learning, and even be a basis for future work.

ACKNOWLEDGMENTS

This work was partially supported by research grants from the Kuehne Logistics University
(Project No. 30410) and the University of Wollongong. We wish to thank Brianna Dias and
all participants of our study for their valuable support and comments, as well as the
anonymous reviewers for their insightful comments.

REFERENCES
1. Al Alam, S. M. D., Nayebi, M., Pfahl, D., and Ruhe, G. (2017). A Two-staged Survey on
Release Read-ness. In E. Mendes, S. Counsell and K. Petersen (Eds.). In Proceedings of the

21st International Conference on Evaluation and Assessment in Software Engineering -
EASE'17. New York, New York, USA: ACM Press, 374-383.

2. Beck, K., Beedle, M., van Bennekum, A., Cockburn, A., Cunningham, W., Fowler, M.,
and Thomas, D. (2001). Manifesto for Agile Software Development. Business People. URL:
http://agilemanifesto.org/ (visited on 05/02/2017).

3. Curley, M. and Kenneally, J. (2012). IT Capability Maturity Framework. URL:
http://eprints.maynoothuniversity.ie/5067/1/Martin_Curley 20140620131109.pdf (visited
on 10/06/2017).

4. Dingseyr, T. and Lassenius, C. Emerging themes in agile software development:
Introduction to the special section on continuous value delivery. In Information & Software
Technology 77, 2016, 56-60.

5. Dingseyr, T., Moe, N.B., Tonelli, R., Counsell, S., Gencel, C., and Petersen, K. (2014).
Agile Methods. Large-Scale Development, Refactoring, Testing, and Estimation, Cham:
Springer International Publishing.

6. Dragoni, N., Lanese, 1., Thordal Larsen, S., Mazzara, M., Mustafin, R., and Safina, L.
(2017).  Micro-services: How To Make Your Application Scale. URL:
https://arxiv.org/pdf/1702.07149.pdf (visited on 08/12/2017).

7. Goicoechea, 1. and Fenollera, M. (2012). QUALITY MANAGEMENT IN THE
AUTOMOTIVE IN-DUSTRY. In B. Katalini¢ (Ed.), DAAAM International scientific book.
DAAAM International scientific book 2012, Vienna: DAAAM International Publishing,
619-632.



Artefact 3: Agile Software Readiness Assessment Procedures 156

8. Hasselbring, W. and Steinacker, G. (2017). “Microservice Architectures for Scalability,
Agility and Reliability in E-Commerce.” In 2017 IEEE International Conference on
Software Architecture Workshops (ICSAW). IEEE, 243-246.

9. Henriques, V. and Tanner, M. (2017). A Systematic Literature Review of Agile Maturity
Model Re-search. Interdisciplinary Journal of Information, Knowledge, and Management
12, 53-73.

10. Humble, J. and Farley, D. (2011). Continuous delivery: [reliable software releases
through build, test, and deployment automation]. A Martin Fowler signature book. Upper
Saddle River, NJ: Addison-Wesley.

11. Kececioglu, D. (2003). Maintainability, availability, and operational readiness
engineering handbook. Lancaster, Pa.: DEStech.

12. Kotaiah, B. and Khalil, A. M. (2017). Approaches for development of Software Projects:
Agile methodology. International Journal of Advanced Research in Computer Science 8 (1),
237-241.

13. Mankins, J. C. (2009). Technology readiness assessments: A retrospective. Acta
Astronautica 65 (9-10), 1216-1223.

14. Mayring, P. (2014). Qualitative Content Analysis: Theoretical Foundation, Basic
Procedures and Software Solution. Klagenfurt.

15. Mettler, T. (2011). Maturity assessment models: A design science research approach.
International Journal of Society Systems Science 3 (1/2), 81-98.

16. Nierstrasz, O. and Lungu, M. (2012). Agile Software Assessment. In D. Beyer (Ed.),
2012 IEEE 20th International Conference on Program Comprehension (ICPC 2012). Passau,
Germany, Pisca-taway, NJ: IEEE, 3-10.

17. Olsson, H. H., Alahyari, H., and Bosch, J. (2012). “Climbing the "Stairway to Heaven"
- A Mulitiple-Case Study Exploring Barriers in the Transition from Agile Development
towards Continuous Deployment of Software.” In: 2012 38th Euromicro Conference on
Software Engineering and Advanced Applications. IEEE, 392—-399.

18. Paulk, M. C., Curtis, B., Chrissis, M. B., and Weber, C. V. (1993). Capability maturity
model, version 1.1. IEEE Software 10 (4), 18-27.

19. Proenga, D. and Borbinha, J. (2016). Maturity Models for Information Systems - A State
of the Art. Complex Adaptive Systems San Jose, CA, 100, 1042—-1049.

20. Quah, T.-S. (2009). Estimating software readiness using predictive models. Information
Sciences 179 (4), 430—445.



Artefact 3: Agile Software Readiness Assessment Procedures 157

21. Wolft, E. (2017). Microservices: Flexible software architecture. Boston: Addison-

Wesley. URL: http://proquest.tech.safaribooksonline.de/9780134650449 (visited on
09/12/2017).



Conclusion and Future Work 158

6 Conclusion and Future Work

6.1 Contributions
6.1.1 Strategic Dimension: Artefact 1

Research and Managerial Contributions

Concerning the strategic dimension of DT, the first study aimed at investigating how to
topologically represent a DAE and identify its essential elements. Inspired by a practical
demand from an OEM and then theoretically substantiated, it was identified that developing
a DE around a digital service portfolio challenges manufacturers as it is unclear what

constitutes these environments and how they are structured.

Primarily, the study's objective was to contribute to the body of knowledge of an analysis
theory by analysing and describing digital automotive ecosystems (Gregor, 2006). To that
effect, the DAE model contributes multi-disciplinarily to the body of knowledge in distinct
areas of academic literature, such as DP (Thomas, Autio, & Gann, 2014), DE (Reuver et al.,
2017; Serensen et al., 2015), and to the empirical studies on stakeholder networks

(Buchmann & Pyka, 2015).

First, the structure and scope of an industry-specific DE model was clarified upon by
identifying relevant elements as well as the corresponding interdependencies (Reuver et al.,
2017). To the authors’ knowledge, this is the first visual representation of a structure of a
DE related to the automotive industry. Thereby, the DAE suggests boundaries for a DE and
structural layers (Adner, 2017), while considering that it is an open system that can integrate
and connect with other DEs. It provides further insights into their explicit composition and
structural interaction (Paulus-Rohmer et al., 2016), and adds clarity on aspects such as
specifications and scoping of DEs (Serensen et al., 2015) as well as constituting roles,
relations and elements (Reuver et al., 2017).

Second, the artefact contributes to the debate differentiating platforms from ecosystems
(Reuver et al., 2017). It allows for a better demarcation between these two theoretical
concepts by clarifying central, constitutive elements and stakeholders of the latter as well as
presenting the related layers within this dynamic network structure. Hence, each platform
can be seen as a contributing entity for ecosystems so that each layer can contain a multitude
of platforms (Adner, 2017), for instance, in the form of digital applications, service

developments, data analyses and infrastructural cloud platforms. It is precisely this
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topological structure that could be specified by the layered, conceptual model and thus
enriches distinct areas of academic literature (Serensen et al., 2015; Thomas et al., 2014).
Third, earlier research on the view of DEs as environments of collaboration and partner
integration could be confirmed by the results of this study (Adner, 2017; Gomes et al., 2016).
Fourth, on a company level, an OEM’s decision-making process is supported as the DAE
facilitates “where and how to allocate and align digital capabilities within their
organisational structures” (Bilgeri et al., 2017, p. 2). It thus also demonstrates aspects
necessary for the service fulfilment that nowadays exceeds existing capabilities and indicates
areas in need of strategic collaboration, such as data analytics capabilities.

Fifth, the DAE contributes to the practical body of knowledge by providing a visual topology
by which organisations can fill in themselves and identify the critical elements to provide
the desired service. Thusly, it provides a starting point in conceptualizing digital service
journeys and an understanding of the necessary requirements of backend processes, such as
service integration, data analyses and cloud services. The illustration of the individual
components, layers and relations facilitates strategic measures for focusing more precisely
on specific platforms or selected technologies, therefore making it easier to identify the
necessities or possibilities for external collaborations and partnerships (Chanias & Hess,
2016). Therein, the DAE also adds to the understanding of internal resource allocation and
supports translating strategies into action-oriented decisions (Kohli & Melville, 2018;
Ramaswamy & Ozcan, 2018).

Sixth, the DAE supports the analysis of the transformational path towards a customer-centric
culture as it provides focused support by consequently placing the customer in the centre of
the ecosystem and defining him as the point of origin for every digital service journey
(Capon & Senn, 2017). As traditional mindsets and structures are seen as a major barrier of
DT (Piccinini et al., 2015), this explicit representation provides a target picture by which an
organisation can orientate itself to decrease these obstacles.

Finally, the study also contributes to the empirical body of knowledge on DEs (Weill &
Worner, 2015), in particular, to the automotive industry (Bilgeri et al., 2017). The study was
motivated by an OEM and intervened within the organisation in multiple iterations. The
DAE adds knowledge regarding the role of quality gatekeepers within the composition and

identifies its relevance in terms of content as well as technical dimensions.

6.1.2 Business Dimension: Artefact 2

Research and Managerial Contributions
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Concerning the business dimension of DT, the second study aimed at supporting OEMs in
the conceptualization of automotive SSs under consideration of relevant stakeholders. The
development of digital services and the expansion of the corresponding BMs, challenges
OEMs as these operations go beyond the organisation’s present competencies and that of
their suppliers (Schéfer et al., 2015). It is evident they are in need of modifying and
expanding their skills (Pagoropoulos et al., 2017), building up digital service competencies
(Dremel et al., 2017), and require incorporating new ways of collaboration into their value

creation processes (Lusch & Vargo, 2014).

The second study’s objective was to contribute to the body of knowledge to the explanatory
theory (Gregor, 2006) regarding digital service conception specific to the automotive
industry. In this context, the findings aim to provide explanations of why and how to
conceptualise automotive SSs. Furthermore, the CRF contributes to the body of knowledge
in distinct areas of academic literature, such as service science (Alter, 2017), automotive
PSSs (Hess et al., 2016; Reim et al., 2017), and BM research (Bankvall, Dubois & Lind,
2017).

First, an extensive literature review was conducted from which digital automotive services
were categorised for the substantiation of the conceptual reference framework. An initial set
of essential areas of focus for automotive SSs displaying the respective stakeholders and
infrastructural elements was created. By mapping the Business Model Canvas (BMC) to the
SS domain, the practical applicability of SSs as a work system (Alter, 2017) could be
strengthened and the concept’s understanding extended with domain specific knowledge
(Frost & Lyons, 2017).

Second, the study contributed to the automotive industry knowledge of OEMs as product-
service solution providers (Freiling, 2015; Reim et al., 2017). Manufacturers are provided
with a framework (Heikkinen, 2014) by which digital automotive services can be
conceptualised. As the CRF was specially developed for automotive SSs (Frost & Lyons,
2017; Hoffmann & Leimeister, 2011; Massa et al., 2017), it could be shown that digital
automotive SSs are networked businesses that require collaboration on multiple fields, such
as digital infrastructure integration and physical infrastructure provisions.

Third, the study created an applicable instrument for the conception of automotive SSs as
demonstrated by the evaluation results. Thus, the artefact satisfies the specific need for tools
that give “strategic, functional and tactical directions for organisations to apply” (Gaiardelli
et al., 2015, p. 1165). Relevant elements specific to the automotive industry were identified

and described, facilitating OEMs in structurally ordering and managing them (Andreasen et
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al., 2015). By drawing on the CRF, relationships and dependencies between the intended
service, the different stakeholders as well as infrastructural elements, are clearly defined. It
is thus a tool for saving resources, such as time and effort, as well as for structured, analytical
thinking.

Fourth, the framework provides support for manufacturers during their transitional process
towards customer-centric thinking as the artefact places the customer in the centre of all
service activity (Reim et al., 2017). Consequently, the artefact can support customer-centric
value creation, as the CRF helps to keep the value proposition in focus with its structured
presentation. The CRF structure can guide organisations to proceed systematically during
the service development process, initiating from the service value that ought to be fulfilled.
By demanding to consider active customer participation and designing the according points
of interaction, the CRF also contributes to the demand for more customer integration into
value creation processes (Schumacher et al., 2018). The CRF suggests usefulness in
promoting consistent communication and keeping a customer-centric focus, while enabling
organisations to build their service value proposition around it. The continuous maintaining
and encouraging of this logic throughout the development of services, as compared to the
predominantly product-centric perspective of manufacturing companies (Ng et al., 2012), is
ultimately seen as a primary obstacle when transforming a company’s processes (Baines et
al., 2007).

Lastly, the CRF serves as a supportive instrument for communication within an organisation
regarding service concepts and their specific configuration. The fundamental roles of
technical, infrastructural elements in the framework of a SS can be illustrated by applying
the artefact with its unique facets of industry characteristics and industry-specific dimensions

being taken into account.

6.1.3 Process Dimension: Artefact 3

Research and Managerial Contributions

With regards to the process dimension of DT, the third study aimed to support an OEM with
the transition of its software readiness processes to suit the agile software development
methodologies applied by DevOps teams. Generally, the aim was to transform supportive
backend processes already in operation to fit into an agile development approach. Thus,
considering that DT affects all levels in the hierarchy of a company (Hess et al., 2016), this

study looked at what DT means for the work processes dimension and what far-reaching,
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sometimes unexpected, implications arise when a company decides to become a solution

provider.

The third study’s objective was to contribute to the body of knowledge within design and
action theory (Gregor, 2006) about agile software readiness approaches. During an empirical
research study, a methodology was developed, the CDC, that allows an OEM’s software
readiness assessment to be aligned to agile software development. It thus contributes to the

question “How to transform?” existing operating processes.

First, the CDC contributed to the body of knowledge with reference to agile development,
by giving specific actions on how to dismantle a linear, rigid approach and make it applicable
for agile software development, which was previously identified as a research need (Gimpel
& Roglinger, 2015; Piccinini et al., 2015).

Second, the CDC provides OEMs with a methodological solution to support internal
transformation processes by providing an empirically tested, practical tool, and thus extends
the companies implementation capabilities and guides OEMs throughout this phase of the
DT process (Bounfour, 2016; Hess et al., 2016; Lindgren et al., 2015; Reim et al., 2017). To
exploit all new possibilities in the context of DT, the respective work processes at the
organisational level must be adapted. A clear overview and methodology that supports
OEMs with adjusting the organisation as exact requirements and components of agile SRA
and MS architectures can be identified.

Third, the software readiness template (SRT) for MS projects simplifies the testing process
and thus enables fast software product development. Thereby, the company’s specific IT
capabilities are enhanced. The study shows how the artefacts could be used to reduce the
processing effort of the SRA, including the required flexibility inherent to agile development
projects. Even if workflows must be changed, the developed procedure of reversing the
readiness principle for infrastructural components allows for an easier integration into both
the existing infrastructures and into the newly introduced agile toolchain.

Fourth, by identifying obstacles as well as unexpected effects of these implementation
processes on the entire company beyond the IT department, companies are enabled in taking
preventive measures. As “managers often lack clarity about the different options and
elements they need to consider in their digital transformation endeavours® (Hess et al., 2016,
p. 2), the study provides companies with an instrument to better master the challenges of
DT.

Fifth, the study further shows that it is not enough for companies to simply decide to change

their software development processes and merely initiate the shift towards agile development
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or provide innovative technology. Studies 3 and 4 could show how integral such IT processes
are to general business processes of, for instance, service design and value creation as well
as the questions arising regarding managing and guiding a company in the midst of DT
(Piccinini et al., 2015).

Sixth, studies 3 and 4 could substantiate findings of DT being a continuous and complex
process (Matt et al., 2015) that affects many sections within an organisation (Hess et al.,
2016). As software development methodologies shift towards agile, SRA procedures must
transition as well. The methodology outlines a way to integrate software readiness
assessment processes into agile development processes and lies the foundation for
continuing research on the transformation of agile SRA in operational procedures in more
broader terms. Following the conceptualisation of digital services, the artefact provides a
practical approach by which to propel the actual service delivery process by adapting an
organisation’s backend processes already in operation.

And finally, the study in general contributes to the knowledge on how to adapt an
organisation’s SRA processes to suit novel digital technologies and agile development
approaches. More specifically, the studies add to the empirical body of knowledge regarding
the introduction of agile methodology within an organisation (Piccinini et al., 2015).

Thus, the rather abstract, complex processes of the DT of a company could be broken down
by this empirical study and the general problem of the adaptation of operational procedures
specified. Even though it might still be a long way before an agile software assessment

discipline (Nierstrasz & Lungu, 2012) will be established, this study brings it one step closer.

6.1.4 Synthesis of Contributions

The central contributions of the individual studies were discussed in this chapter, the three
artefacts are related to each other hereafter. This thesis started from the overarching problem
that not enough applicable tools are available for OEMs to carry out the DT process within
their organisations. The aim of this dissertation was to work on a better understanding of
these changes and challenges, as well as to clarify implications concerning DT. The research
results aim at providing DT knowledge from the conception of a strategy to its translation
into actionable outputs as the implementation of respective processes, as can be seen in the

overview in Figure 15.
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Figure 15: Overview of contributions

Further, researchers and practitioners are provided with applicable instruments and
methodologies to guide them through DT-specific problem statements, and a basis for better
decision-making. Each study partially contributes to this, but the conducted analyses and
developed artefacts should not be understood as temporal processes or as mandatory
successive steps with a causal, presupposed sequence of events. Rather, it is the case that DT
affects different organisational dimensions entailing various possibilities and risks.

By means of the four studies, the OEM’s ability to provide digital services was supported in
all three dimensions as they deliver specific know-how and instruments in the forms of visual
representations, descriptive structural representations, new instruments, and, as a special
form of knowledge, also provide indications of obstacles and problems that can occur during

the transformation process.
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At first, manufacturers explicitly need strategic knowledge upon which they decide on a plan
to align and shape future business activities. The conceptual model of a DAE enables
manufacturers to provide a starting point for digital alignment, for identifying digital fields
of focus and of necessary collaborations and partnerships. Ultimately, strategic decisions
impact an organisation’s business activities by enhancing, transforming or reshaping its
BMs. Based on the strategic decision to develop digital services, the CRF provides specific
explanations on how to conceptualise automotive SSs from a customer-centric point of view
(Kohli and Melville, 2018). The artefact proposes the solution of customer integration in
value creation activities by explicitly demanding the investigation and design of the points
of interaction and the desired degree of involvement (active vs. passive). Having
conceptualised digital services, they need to be developed and assessed regarding its
readiness, which respectively affects an organisation’s operational processes. The provision
of an actionable methodology that was developed within a practical case setting, contributes
to establishing new organisational routines. Therefore, the CDC and SRA of studies 3 and 4
provide support to enhance an organisation’s IT (Hanelt et al., 2015), and extend its
implementation capabilities (Kohli & Melville, 2018).

In the context of changing the organisation’s work process and strategic realignment during
its DT, it is necessary to bring about an open-mind and even establish a lean start-up
mentality of failing fast and developing MVPs (Piccinini et al., 2015). All four studies could
contribute to this aspect of change and to the maintenance of keeping up the novel logic.
All studies contributed to improve an organisation’s reactive and preventive abilities (Kahre,
Hoffmann, & Ahlemann, 2017). These dynamic capabilities concern internal work processes
as described above, e.g. ensuring flexibility in work processes (see studies 3 and 4), but also
processes between an OEM and its environment, e.g. the ability to react quickly to altered
customer requirements with a new service (study 2). The DAE (study 1), in turn, supports
OEMs with their strategic orientation in balancing the different development speeds of the
digital and traditional worlds of physical goods, i.e. agility versus stability, and thus serves
specific ambidexterity capabilities (Piccinini et al., 2015). Studies 3 and 4, by empirically
identifying DT obstacles, extends the scientific knowledge in this respect.

In total, the four studies address the identified research gaps in an effort to support OEMs
during their DT process towards product-service providers, as well as contributing to the
advancement of integrated product-service solutions by providing decision-makers with
specific knowledge in different dimensions that affect one another. The different types of

knowledge can be subsumed under decision-making aspects that significantly support the
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leading qualities (Kahre et al., 2017). Managers must have the willingness and ability to
listen to employee’s feedback, who are able to report problems first hand. A general ability
to cooperate is therefore not only necessary at the execution dimension between
organisations, which is supported by the contributions of studies 1 and 2, but is also
important when departments are coordinated, responsibilities are redistributed, and any
hierarchies within are reconsidered and revised. Thereby, the studies as a whole also
contribute to the promotion of a corresponding learning culture among employees and
managers (Kohli & Melville, 2018) that fundamentally increases the acceptance of new

instruments, methods, and improves attitudes towards new approaches.
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6.2 Implications

6.2.1 Scientific Implications

The DAE, as a layered conceptual model, can be further substantiated with regards to DE
roles, e.g. the role of governing actors who fulfil curating functions in terms of quality and
content (Uludag, Hefele, & Matthes, 2016). These governing actors could potentially more
precisely define what an ecosystem is constituted of, and thus its boundaries. If applied in
future empirical research, the DAE can provide analytical consistency allowing the
differentiated exchange and comparison of research work with regards to DE structures. The
suggested boundaries could be disproved, confirmed or extended, thus further substantiating
scientific knowledge in this area (Adner, 2017).

As “DT strategies serve as a central concept to coordinate, prioritise, and implement firm’s
digital transformation efforts” (Chanias and Hess 2016, p. 1; Matt et al., 2015), the DAE as
a manifested artefact, could support research in making DT strategies more palpable.
Following SDL, customers are contributing actors in the service creation process. Though
the concept is not new, the literature study on automotive SSs could demonstrate the
importance of assimilating these findings into digital service conception, as the notions of
customer involvement and value co-creation in the manufacturing domain are not
proficiently implemented. It suggests that customer involvement as a theoretical concept in
the automotive industry is not practically considered. Hence, this research considers it
logical to arrange SSs for manufacturers around the customer's value proposition. In this
context, the role of customers could also be specified when discussing the theoretical
concepts of customer centricity and customer involvement (Schumacher et al., 2018; Veit et
al., 2014).

The BMC is used as an instrument, a unit of analysis as well as a framework, and serves as
an intermediary between a company’s strategy and its underlying business processes (Veit
et al., 2014). By mapping the BMC elements to the SS domain and developing the CRF for
automotive SSs, the aim was to build a bridge between practical applicable instruments and
theoretical concepts that capture the interdependencies between stakeholders. From a
customer-centric perspective, artefact 2 delivers service values that can only be achieved if
collaboration and interaction is optimised, which in turn, is another field of research.
Previous studies on DT have focused on current challenges and the identification of
necessary fields of action (Baines et al., 2009; Gimpel and Roglinger, 2015; Bounfour,
2016). It was suggested that operational procedures need to be adapted, but methods that

support their execution have been scarcely researched. Building on these findings, studies 3
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and 4 present a methodology on the operational level derived from an empirical case and the
findings, if applied within different case environments, could consolidate the identified
demand (Gimpel & Roglinger, 2015).

The application of artefact 3, the CDC, indicates the importance of management’s role “to
carry the digital transformation of [a] company because it affects the company strategy”
(Henriette et al., p. 5). It became apparent that strategic DT decisions lead to procedural
conflicts within an organisation and have far reaching implications on different levels.
Consequently, it is not possible to continue working in accordance with old logic and its
static workflows and routines, since these collide with the current requirements of speed and
flexibility.

Further, the research on agile SRA is still in its infancy but gaining importance (Nierstrasz
& Lungu, 2012). By identifying constructs and standards that all projects within an
organisation use, and further by deriving restrictions and developing the necessary SRA
answers, an approach is provided that may be applicable to other kinds of software
development projects.

All studies demonstrate the challenges an organisation in the process of DT faces, such as
having to expand its skills in new and diverse areas, renewing its knowledge, and discarding
outdated ways of thinking. Additionally, the resulting consequences that arise from the
decision to become a solution provider challenge an organisation’s operational procedures
as transformation is a process that stretches over time. This research helps with gaining a
fundamental understanding of the stakeholders of digital automotive networks and the
dependencies of DT activities. The findings endorse previous works on DT which conclude

DT to be a phenomenon that affects all areas within an organisation (Hess et al., 2016).

6.2.2 Managerial Implications

By using the DAE model, companies are supported in DE scoping and development. As the
competitive pressure for incumbents increases (Piccinini et al., 2015), the need for
explanatory and analytical instruments that support them in defining successful strategies is
evident as illustrated by the research demand from the underlying case company. The DAE
model was able to support them in their initiative to build DEs themselves, potentially
helping them remain competitive in the long run.

By applying the DAE model, OEMs can potentially expand their abilities in the areas of
external attention and entrepreneurial alertness (Kohli & Melville, 2018), as the conceptual

model is a descriptive presentation, highlighting the important elements of stakeholders and
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technical conditions as well as their respective relationships. Thus, decision makers using
the DAE gain the opportunity to better assess their competitive environment and potential
opportunities for portfolio expansion. By filling the respective layers, they can scope and
define commercial fields of action.

OEMs intending to operate in the digital market must assess which platform they aim to
manage themselves, which respective technologies must be put in place, which capabilities
to acquire and integrate, and what strategic partnerships to potentially initiate. Thus, the
DAE model may broaden OEMs’ views as decision makers are enabled to grasp the
significant relationships between stakeholders and then convert this knowledge into value
co-creating measures. The DAE could help turn management’s focus towards the need of
integrating their value propositions within customer journeys and carrying out an
integration-based approach in setting up their strategy. The DAE has proved to be a useful
instrument in imagining and designing service journeys starting from the customer’s specific
demand, down to the adjustment of necessary back-end operations.

Moreover, OEMs applying the DAE and thus classifying their current value proposition
within the context of the entire value chain, can better detect what respective capabilities
must be built for the service fulfilment process. Additionally, they could more consciously
alter their strategic alignment and take a step towards becoming a product-solution provider
(Hess et al., 2016).

Additionally, the model highlights the decisive role of quality gatekeepers during the whole
service delivery process, since through these access points curated content is approved. An
OEM as the producer of a physical platform infrastructure, i.e. the vehicle, could profit from
its role and consequently leverage its brand in the digital sphere with the strategic
implementation of quality gatekeepers. An example would be the provisioning of digital
lifestyle experiences by a sports car brand. As vehicles, and physical products in general, are
in the process of being commoditised, the assets offered by a brand are going to be a decisive
factor in striving for digital experiences.

The application of the CRF could contribute to an OEM’s DI processes as it supports scoping
for promising business opportunities (Kohli & Melville, 2018). By using the CRF, OEMs
could more clearly and quickly identify new areas for value creation throughout the course
of conceptualizing digital services, and initiate a service-based BM. Eventually, the CRF
could even be applied to the supplier industry as the practical workshop study has indicated.
By following the guided representation through the CRF, OEMs could manage arising
complexity in “handling the many composed elements related to need, context, intention,

possibilities, etc.” (Andreasen et al. 2015, p. 33).
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OEMs can especially profit from applying touchpoint design within their business activities.
As vehicle information systems and digital interfaces become more important as a channel
of digital service provision, touchpoints and Ul design are a promising field for
differentiation and the maintaining of customer relations. Managing these links is therefore
essential for a company. As the CRF adopts a customer-centric perspective, companies could
be enabled in managing these aspects accordingly. As customers expect seamless
experiences throughout the transition from analogue to digital applications, organisations
desiring to meet these expectations could prevail in digital markets.

OEMs relying on the CRF are prevented from falling back into antiquated mindsets of sole
product-centric thinking. Thus, the CRF could contribute to overcome the obstacle to focus

on the customer during value creation activities (Capon & Senn, 2017).

OEMs using the CDC for their SRA could be able to manage their processes in a manner
that meets the requirements of agile software development, supporting flexibility and speed.
In the end, these abilities will make them more competitive, especially with their new rivals
as IT-firms entering the market have already adopted these working modes. Thus, by
following the proposed methodology and translating the results of studies 3 and 4 into
concrete measures, OEMs could be in a better position to master the challenges of DT
processes.

Therefore, companies are put into the position of potentially taking preventive measures as
several obstacles blocking the implementation have been identified. Just deciding to
implement a new architecture pattern to change software development processes has more
far reaching consequences on the organisation than was previously envisioned.

All studies are united by their applied character. The objective was not only to provide
situational descriptions and analyses, but to also identify opportunities for companies to
improve. In providing industry-specific artefacts in each study, OEMs could be enabled to
process the digital actions associated with the artefacts more effectively and more efficiently.
The evaluations indicate the usefulness of industry-specific methods and instruments. Often
the dimensions associated with them, e.g. service value, safety and experience, could be
more easily translated into meaningful ideas. Hence, OEMs could foremost save resources

in the form of effort and time using the artefacts for structuring and analyses.

As motivated in the introduction by the research on industry life cycles (Klepper, 1997),
organisations must be able to handle changes proactively and should not just react to

processes enacted by their competitors. In other words, organizations should be quick and
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efficient during change, thus strengthening the aim of the motivated artefacts. A fundamental
change in attitudes, working routines, habits (Kohli & Melville, 2018) and supporting
backend processes, plays a central role with the success of these measures being largely
dependent upon all involved departments supporting the decision and cooperating during its
implementation. A corresponding change of mindset must take place among employees and
decision-makers, and further be reflected during implementation. Only then can the potential
of agile product development be fully exploited. Unfortunately, employees are always in
danger of falling back into traditional mindsets and not being able to adapt to the “digital
world” (Piccinini et al., 2015, p. 14). Many companies in the process of digital
transformation have problems in adapting to and accepting this unique process of DI/DT and
are merely relying on their competencies in managing traditional IT (Piccinini et al., 2015),
considering IT processes as subordinate to business processes (Kahre et al., 2017).

Also, strategy, business, and processes should not be independently managed in the course
of DT. The findings of previous studies suggest IT, and therein DT, impacts an organization
on multiple dimensions. If organizations decide to realign themselves, the greatest leverage
can be achieved by synchronising the planning with future revenue models and specific
implementation initiatives. Following, an example is given to illustrate how artefacts 1
through 3 can help an OEM to better manage its transformation process in the strategic,

business and procedural dimensions.

6.2.3 Intelligent Parking Service Example (ParkSpotHelp)

The example shall demonstrate the interaction between the three artefacts and the additional
value they collectively generate. In the example, it is assumed that an OEM plans to develop
an intelligent parking service, branded “ParkSpotHelp”. The service aims to improve the
search for a parking space as it displays in real-time available parking spots and their limiting
conditions, for instance, how long a vehicle can stay for free in a specific location, etc.
ParkSpotHelp runs as an application on both mobile devices and on a vehicle’s information
system.

On the strategic level, the OEM will likely decide to offer digital services as this entails the
development of respective products and the investments that must be made, among other
things. In addition, the OEM not only desires to invest in offering such services, but to also
build up a portfolio of digital services that will be provided via a platform. Thus, the OEM
gets direct customer contact and advances his business activities. Ultimately, the

organisation desires to develop a digital ecosystem, where it can build and maintain customer
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relations beyond the point of sale. The OEM intends to manage and operate this
environment, a scenario that was practically experienced within the case company of study
1.

Using the DAE model (artefact 1), it becomes clear that the customer is the origin, or hub,
of the ecosystem. The DAE illustrates that customers go through customer journeys by
which the OEM must best integrate itself with its ecosystem. Therefore, the ParkSpotHelp
service could also include functions that can be linked to other services such as having third-
party advertisements, e.g. from retail stores.

To provide ParkSpotHelp, various backend (not customer facing) services would need to be
implemented and would be categorised within the levels service, data, and infrastructure.
ParkSpotHelp would need to be developed on a service development platform and integrated
into both the OEM’s systems as well as third party systems within a service integration layer.
If the service functions as part of a composite service chain, such as the booking of an event
ticket along with the reservation of a parking space near the venue, the service needs to be
coordinated with other services. For ParkSpotHelp to work in real-time, data would need to
be analysed and compiled within the respective platforms. In this regard, the OEM could
leverage its position as the gatekeeper of vehicle sensory data, that is, a vehicle’s sensors
would detect free spaces and congregate this data into a platform where the data of all
vehicles under that brand is collected. This amount of data, if rightly analysed, could to a
certain accuracy indicate real-time parking spaces at shoulders within urban areas.
Ultimately, infrastructural conditions must be met as well, which is the provision of cloud
platforms or bandwidth over which the large amounts of data would be sent. ParkSpotHelp
could be accessed via a variety of channels, the vehicle being just one. Thus, the DAE
clarifies a fundamental paradigm of the digital world that the customer is the centre of all
value-creating activity and not the product. The DAE illustrates the complexity of such a
service and supports decision-making regarding their IT development, resource alignments

and the necessary partnerships.

On the service conception level, the CRF (artefact 2) could be a useful instrument in the
designing of ParkSpotHelp from a customer-centric perspective, as it is centred around the
service value, i.e., the perceived customer value. In the example of ParkSpotHelp, the first
question that needs to be answered is how to communicate the service value to the customer.
For example, customers are to be spared a lengthy, time-consuming search, so the focus is

on saving time and possibly money, i.e. increased “Comfort & Convenience”. But a value
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promise is also fulfilled regarding the category “Emotion & Experience” if the customer is
spared stress.

In the following, the question arises as to how the customer can be involved in the value
creation process. Customers could provide the vehicles’ location data without being actively
involved, representing passive participation. Data can be displayed in real-time only if
enough users agree to pass their data while driving. Another option would be that the
customer actively involves themselves by sending free space data to the app. A similar
example is the reporting of speed traps. The OEM must consider both communication
possibilities in the design of the service as respective points of interaction, or customer
touchpoints must be provided. These touchpoints, in turn, also represent interfaces of which
the customer and participating stakeholders can access necessary infrastructures, e.g.
telecommunications service providers, the service platform, the vehicle itself, etc. The CRF
displays relevant dimensions for the service development of digital automotive services and

provides constructs to be considered for the service design.

Now, after having conceptualized the service, it needs to be implemented. The OEM only
releases service functions if certain quality criteria are met. As many organisations have
switched to agile software development, or are expected to do so in the future, the quality
assessment processes, or software readiness assessment processes, must be integrated in
these approaches as well. In doing so, the OEM enables continuous integration and delivery,
or in other words, regular innovations in accordance with agile principles. Innovation speed
is a critical success factor in the digital world that not only enables fast development needs,
but also the quick processing of the developed increments within the company. With the
CDC (artefact 3), an instrument is available to adapt the SRA to the requirements of fast
development and continuous integration without compromising on quality criteria such as

adhering to the functional and non-functional requirements.

In total, all artefacts contribute to the successful implementation of DT initiatives and right
decision-making. As the example illustrates by means of the service journey, DT is a
complex undertaking. By no means shall it be suggested the artefacts as being the sole
solution to all, or the majority of, challenges connoted to each dimension. They are
instruments of support that must be seen in context and that could prove to be useful during
a manufacturer’s DT when trying to save resources in terms of time, investments and

possibly even when generating improved ideas or concepts.
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6.3 Concluding Remarks

6.3.1 Threats to Validity

The results of this cumulative dissertation are subject to certain limitations. For the literature
analyses of studies 1 through 3, only selected parts on the topics DT, automotive SSs, and
DEs could be included. Despite the careful examination of the samples, the results obtained
in each case are subject to a restriction of choice and correspondingly limit the scope of this
research.

As all studies involved practical exposure during the evaluation, for instance interviewing
practitioners (studies 1 through 3) and validating the artefact by means of development
projects (studies 3 and 4). Though particular attention was paid to balance and diversity from
different affected areas, the selection and sampling size of interviewees as well as the
development projects impact the data collection and thus influence the derived outcomes.
Studies 1, 3, and 4 involved research partner organisations. As is typical for case study
methods research, not all variables could be controlled, thus complicating replication
(Recker, 2013). Artefacts 1 and 3 were involved in only one corresponding organizational
context. Choosing different partners, or accessing more partners, could have resulted in
different expressions of the CDC and DAE accordingly. Although exhaustiveness was
attempted in the contextual description and setting, the question of transferability to other
companies or entire branches of industry must be considered with care.

Even if the chosen methods proved to be suitable and led to informative results, it cannot be
excluded that other or extended results are possible by choosing other methodologies. To
address these limitations, further research on DT is strongly endorsed within the automotive

industry and, further, in other manufacturing industries as well.

6.3.2 Outlook and Future Research Recommendations

Across all studies it could be observed that DT affects a multitude of different processes and
dimensions. Within this research, a manufacturer’s strategic orientation, stakeholder-
integrated digital service development, and its procedural transformation under an existing
operational infrastructure was investigated. By studying distinct dimensions, an attempt was
made to derive overarching findings and statements. Nevertheless, these considerations are
not all-encompassing and future research could tie in with the results achieved here in the
following areas:

As digital services “are closely related to and rely on ICT”, it remains to be investigated on

how these technologies can be systematically used to stimulate service innovation (Stoshikj,
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Kryvinska, & Strauss, 2016, p. 219) and facilitate collaboration for these networked
businesses (Akaka and Vargo, 2014). Therefore, it would be desirable to extend the
corresponding analyses to other industries outside the automotive realm, thus not only
validating the applicability of the artefacts within different contexts, but also to derive
industry specific criteria (Piccinini et al., 2015).

The CRF could be extended or specified to gain more insights on networked value co-
creation and customer centricity. It could thus be turned into methods and applicable
artefacts that facilitate communication for manufacturers that increasingly turn towards the
development of digital product-service offerings. Differences and commonalities could also
be determined, and the concept further developed by means of the application of the CDC
within the framework of the SRA in other companies and industries which assume different
conditions of software development and work routines. The application to other
manufacturing industries would also provide additional insights for the DAE model and
supplement its structure.

These findings can provide the background for further research on the transformation of
agile SRA in operational procedures in more broader terms. Further investigation on how
methods can be used and applied in existing maturity assessment methods, that is, the
existing operational infrastructure of an organisation, is needed. Researchers even call for
an agile software assessment discipline (Nierstrasz & Lungu, 2012).

Beyond this, future research could be devoted to a concretisation of the respective theoretical
concepts: both regarding the terminological work in relation to software maturity, release
readiness and software readiness assessments, but also to the further differentiation of digital
platforms from digital ecosystems.

Even if the results of the four studies presented here have already made it possible to provide
practical support, there is an expanding need for research on suitable instruments and the
methodology of managing complex transformation processes.

Though it was not a focus of this investigation, the question of transformational capabilities
could be posed even more strongly across studies, regarding both the introduction and
control of the corresponding platforms within an ecosystem.

It would be highly encouraged to build on the findings within the strategic, business and

process dimensions, and to substantiate these areas of research and practical interest.

Finally, it must be noted that potential beneficiaries of this study are not all automotive
OEMs to the same degree, but those which aim to operate digital markets. Vehicles as a

means of mobility and as a carrier of mobility-related services will remain important. In
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addition, in many regions in the world, both in industrialised and developing markets,
vehicles will remain status symbols. So, digital services are seen to be a complementary way
to enhance an organisation’s BM portfolio in the prevailing current ownership model.

However, the commoditization of vehicles is progressing and highly industrialised areas,
such as metropolitan centres, make innovation necessary as introductory motivated. In the
long run, these innovations ripple down, spread throughout and permeate other areas as many
industries that have already went through similar phases have revealed. As Lenfle and Midler
(2009, p. 2) point out, “Servitization does not lead to an eradication of physical goods, but
rather an enlargement of value, with the opportunity to monetise this by new business

models.”
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Appendix A: DAE Interview Guideline

Interview Topic

Question

Personal Information:

Automobile Service Ecosystem:

Transformation Approaches:

Requirements of Automotive
Information Systems:

1. Would you please introduce yourself, as well as your company?
What position do you have in the company?

1. How do you rate the future potential of the following value-adding
dimensions of digitized automobiles?

Value-adding Dimensions: Vehicle (Physical Product) - Sensors and
Actuators - Connectivity - Data Analysis - Digital Services

2. How / by which way will digital services be offered to customers
according to your judgement (B2C as well as B2B)?

3. Do you believe that access to the development of digital services
will be open or closed? Why do you believe this?

4. Which market roles will emerge in the course of the realization of
automotive service ecosystems? Which role(s) will vehicle
manufacturers occupy?

- Importance of the role

- Task spectrum / activities

- Relationship with other market participants

- Business model

1. What effects does digital transformation have on current OEM’s
business?

2. How do you assess the impact of the following factors on
transformation success to service-dominant business models?

Factor: Organizational structure, Organizational culture, IT ability,
Business processes, Perception of the firm’s value proposition,
Management, Market share and segment, Regulatory conditions,
Data protection, Other

3. Do you know approaches / methods for the transformation of

business models? If yes, please name and describe them.

1. What role do information systems play in digital transformation?
How should these be designed?

2. What IT requirements must be met for the development of
automotive service ecosystems?

3. What are the challenges faced by car manufacturers in this context?




Appendix VIII

Appendix B: DAE Denomination and Distribution of Elements and

Concepts
Concepts Elements # of times # times # of codes # of codes per # of # of Interviews Variance Standard
Concept Elements per Element Interviews Element Is Deviation
Appears Appears Concept Concept Is mentioned in
Overall Overall mentioned in
Data Analytics 56 29 20
« Artificial Intelligence 1 1 1 0,04 0,20
« Big Data Services 7 3 7 0,20 0,45
« Data Analysis Services 33 18 14 1,39 1,18
« Insights Services 9 4 9 0,23 0,48
« Processing Services 6 3 6 0,18 0,43
Data Compilation 105 48 22
« Customer Data 5 4 4 0,24 0,49
« Data Platform 1 4 7 0,81 0,90
« Data Safety & Security 38 13 14 2,03 1,42
« Data Supplier Services 10 7 7 0,48 0,69
« Environmental Data 9 4 8 0,31 0,56
« Third-Party Data 5 4 4 0,24 0,49
« Vehicular Data 27 12 15 0,58 0,76
Digital Service 133 42 25
Applications « Complementary Services 17 5 13 0,62 0,79
« Connected Life Services 21 8 14 0,66 0,81
« Entertainment 4 3 3 0,21 0,46
« Mobility Applications 24 12 13 1,25 1,12
* MobilityaaS 67 14 22 2,58 1,61
Enabling Applications 18 18 10 10 8 9 1,08 1,04
Cloud Infrastructure 4 4 3
+ Cloud Infrastructure: 4 4 3 0,21 0,46
Cloud aaS
Telecomminication
Infrastructure 20 6 1"
« Telecommunication: 3 3 2 0,19 043
Connectivity
« Telecommunication 17 3 9 1,04 1,02
Network
Other Devices 10 10 4 4 6 6 0,38 0,61
Service Development 341 121 25
« Data Safety & Security 23 9 13 1,39 1,18
« Digital content 129 49 25 4,11 2,03
« Brokering Services 45 19 20 1,51 1,23
« Delivery Services 76 22 1 1,01 1,01
« Market Services 68 22 3 3,28 1,81
Service Integration 108 62 24
« Back-End Layer 33 17 19 0,93 0,97
« Front-End Layer 16 11 9 0,81 0,90
« Integration Layer 59 34 19 3,72 1,93
Service Orchestration 62 18 25
« Composite Services 20 5 13 0,72 0,85
« Connected Services 42 13 19 2,24 1,50
Smartphone 36 36 14 14 15 15 1,49 1,22
Vehicle 66 20 24
« Autonomous Driving 38 3 18 1,10 1,05
« Connectivity 25 15 15 0,83 0,91

« Personlization 3 2 3 0,11 0,32
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Appendix C: DAE Denomination and distribution of stakeholder

Stakeholders # of times # of Interviews  Variance Standard
Concept Concept Is Deviation
Appears Overall mentioned in

Customer (B2C, B2B) 6 6 0,18 0,43
Data Providers 2 2 0,07 0,27
Digital Product Owner 1 1 0,04 0,20
Infrastructure Operator 2 2 0,07 0,27
Infrastructure Provider 5 4 0,24 0,49
Intermediaries 1 1 0,04 0,20
Neutral Infrastructure Manager 1 1 0,04 0,20
OEM 14 11 0,49 0,70
Physical Service Provider 2 2 0,07 0,27
Platform Operator 6 4 0,34 0,59
Platform Provider 7 7 0,20 0,45
Quality Gatekeeper 5 3 0,40 0,63
Regulator 1 1 0,04 0,20
Service Broker 2 2 0,07 0,27
Service Developer 5 4 0,24 0,49
Service Integrator 3 2 0,19 0,43
Service Orchestrator 2 2 0,07 0,27
Service Provider 15 13 0,40 0,63
Supplier (1st & 2nd Tier) 2 2 0,07 0,27
Supportive / Secondary Service Provider 1 1 0,04 0,20
Telecommunication Provider 4 4 0,13 0,37




Appendix

Appendix D: Literature categorization in accordance to the identified constructs

Aut Goal of Service Servic  Customer Key Service Service Custo Points of
hors the Systems e stakehol network Objective mer Interaction
Article Value ders infrastruct Involv
ure ement

Ben - State-of- -DAS Assist  Society, - Service - Vehicle; -DASgoal - Driver - Vehicle;

gler the art of ance Drivers, Provider; communic  provide as the in-vehicle

etal.  DAS!and Road driver; ation active and trigger display

2014  future Participa supplier; infrastruct  integrated of the and
research nts 3rd party ure; safety; DAS projection
fields beneficiar  sensors; intelligent s (virtual

ies; informatio  transportati interfaces)
service n, DAS on for an ;

provider efficiency infrastruct
for V2V increase ure that
communi provides
cation,; sensor
traffic data
participan

ts; OEM

Boh - - General Reso Society, - OEM; - Battery; - Intelligen - Custo - Vehicle;

nsac  Exploratio  consideration of urce Incumben  supplier EV; t mer mobile

ket n of the movement to Effici  ts, End (battery virtual transportati  involve applicatio
al. evolution service-based ency Customer  provider applicatio on through  ment in ns;

2014  of business  business models e.g.); n; mobile car-sharing  the infotainme
model by means of financial phone; and service nt system;
developme  EVs? e.g. service communic  increase in  usage; service
ntbetween  Dbattery leasing provider; ation mobile customer  personnel;
incumbent  etc. driver; infrastruct  sustainabili s may financial
and dealer; ure; grid ty; comfort  appear services;
entreprene swapping & as dealer
urial firms service convenienc  service who can

station e, when provider  change the
provider; charging at s forgrid car;
charging home; balancin  battery
grid battery g, when swapping
operator swapping charging  personnel

(technolog at home

y enabler

services)

financial

service

systems

Dai - - Temporal Multi  Drivers, - - - Safety of - Driver -

etal. Exploratio  information ple Informati  Communi  Vehicular  vehicular participa  Navigatio

2016 nofRTIS?  service system on cation informatio  networks; tionina  nsystem
system with RSU and Service infrastruct  n, sensors;  efficiency service in the
between RTIS; real time Consume  ure applicatio and network  vehicle,
vehicles location-based r providers;  n layer; sustainabili  through which
and RSU? services and OEM; virtual ty gains of  vehicle driver
for routing drivers; applicatio intelligent moveme interacts
vehicular services; service ns; transportati  nt with
networks autonomous provider; network on systems

intersection RSU layer;
control; in- provider; MAC
vehicle platform layer;
infotainment; provider RSU
efficient data or infrastruct
services; media providers ure;
services; communic
vehicle-assisted ation
temporal data infrastruct
service ure

Gusi - Overview -IVS*as Safet Driver, - - Vehicle; - Increase - Driver - Virtual

khin anda optimal vehicle y Passenger  Supplier; diagnostic  in safety, triggers interface

etal. sampling operation OEM; s and intelligent IVA of VISS;

2007 of Al services; neural- driverand  prognostic  transportati  actions service
usage, soft  network-based / or s on and when personnel
computing  virtual sensors; passenger  informatio  comfort moving for
and other speech ; 3rd n and the diagnostic
intelligent recognition; partyroad  technologi  convenienc  vehicle s
system proximity user; es; Spare e
technologi  recognition; service Parts;
es in the OBDs® and technician ~ Repair
automotive  prognostics ;engineer  space

industry
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Aut Goal of Service Servic  Customer Key Service Service Custo Points of
hors the Systems e stakehol network Objective mer Interaction

Article Value ders infrastruct Involv
ure ement
Eink - - Mobility Reso OEMs, - OEM; - Vehicle; - Car - Active - Website;
orn Investigate  service urce Car service Service sharingasa participa  personnel
and s possible provider; Effici  Sharing provider; platform; form of tion in through a
Miill  car-sharing  sharing service ency Consume  communi Public intelligent the customer
er strategies rs cation parking transportati  service hotline;
2012 through infrastruct  areas in on; system virtual
interviewin ure cities; Economic interface
g Car2Go provider; Mobile and via
Users municipal  applicatio ecologic smartphon
ity as n benefits; e
space Comfort application
provider; and s
driver or convenienc
service e regarding
user maintenanc
e, repair or
parking
Frey  -Promotes - Telematics Comf  Driver - Driver - Vehicle; - - Not - Virtual
etal. therole of servicessuchas ort&  and and IT; Connected specifica  interface
2016  asoftware door lock Conv  passenger passenger Backend vehicles for 1y over
architect functions; in-car  enien s; OEM s; systems, safety, mentione  mobile
for the parcel delivery;  ce business suppliers;  e.g.cloud; intelligent d, but devices
successful car sharing; units OEMs; mobile transport, dependin  (tablets,
developme  concierge service applicatio comfort g on the smart
nt of services operators;  ns; and servicea  phones);
connected back end communic  convenienc  spectrum = service
vehicles provider; ation e, security, of personnel;
software infrastruct  e.g.remote  potential  physical
architect ure door lock forms of  environme
function collabora  nt via the
tion vehicle
Gao - Business - Carsharingor ~ Reso Car - Mobile - Vehicle; - Car - Active - Virtual
and model ride sharing urce sharing device platform; sharing for ~ participa  interface
Zha review of Effici  consumer manufact IcT’ intelligent tion of via apps
ng the car ency urers infrastruct  transportati  customer on mobile
2016  sharing platform ure, on s is the devices;
economy operators mobile foundati  physical
in China (Uber); phones, onof the  environme
mobile mobile service nt, e.g.
network applicatio supermark
operators; ns; stores; et stores
governme  staff for for
ntal promotion promotion
regulatory ; service
agency; personnel
third in the
party stores
partners:
investors
and
competito
1S;
legislators
Guér - - Advanced Assist  Drivers, - Service -1T - C-IST -A - Vehicle;
iau Discussion  Driver ance Road providers;  Systems; fostering spectrum  virtual
etal. of Assistance Participa technolog  Vehicle; intelligent of interface
2016  Cooperativ  Systems nts, y RSU; transportati  potential  on traffic
e (ADAS); Society suppliers;  Real-time on and forms of  informatio
Intelligent information infrastruct  informatio  navigation collabora  n systems
Transport exchange with ure n; ADAS through tion;
Systems the providers;  technolog traffic driver as
(C-IST) infrastructure; driver; y manageme the
for traffic traffic OEM; nt; ADAS initiator
manageme  management; driver; provide of the
nt traffic 3rd party safety service
monitoring; customer, system
provision of e.g.
real-time info. municipal

ity
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Aut Goal of Service Servic  Customer Key Service Service Custo Points of
hors the Systems e stakehol network Objective mer Interaction

Article Value ders infrastruct Involv
ure ement
Harv - Review - IVISs as the Drivi Users of -OEM - Vehicle; -IVIS - - Vehicle
eyet ofIVIS®in  basis of ng VIS has VIS ensure Custome  as the
al. the context  secondary Exper content technolog safety by r physical
2011  of task— functions that ience sovereign y; providing interacts  interaction
user— enhance the Enha ty; IVIS Communi relevant with the  environme
system driver ncem builderas  cation information IS to nt; virtual
interaction;  experience; ent the infrastruct ~ without retrieve interfaces;
proposal of article talks supplier; ure; staff; driver services,  Auditory
amodeling  about IVISs software mobile distraction,  thus via
framework  functions, provider phones enhance providin  phones;
which can be vehicle g Via staff
viewed as efficiency informati  through
services in some and ontothe  human
regard provide system beings
convenienc
e functions
Hoff - - Several Indivi  Automoti - Service - Mobile - Software- - - Vehicle,
man  Introductio  service systems  dualiz ve system phones; based Custome  virtual
n nofa covered: mobile  ation Service network Vehicle; systems for interface
and design software-based Providers  partners; Informatio  safety and actively via mobile
Lei framework  services; basic n (e.g. for security; involves  devices;
meis  to personalized technical news on-board when personnel
ter systematic news service; infrastruct  service); navigation personali  on hotline
2011  ally collection of ure for Communi  promoting zing
develop brokerage fees mobile cation intelligent services
automotive  for content business; Network; transportati
services displayed in the network Software on
car etc. operators;
content
providers;
OEM;
customers
as driver
and
passenger
s
Hun - - Charging Acces  Electric - -EVs; - - Driver -EV
g Introductio  station sibilit ~ Vehicle Charging batteries; Minimizati  shares charging
and n of an infrastructure y Operators  station charging on of the GPS station;
Mic electric deployment ; Electric operators,  station; overall real-time  applicatio
haili ~ vehicle Vehicle driversor  mobile routing data of ns for real-
dis service Manufact  vehicle phones; costs for the EV time
2011  system urers owners; mobile EV drivers, location service
modeling EV applicatio such as informatio
framework manufact n travel n
urers time/distan
ce
Jueh - - After sales Reso End - - Vehicle; -No - - Via
ling Introductio  services urce customer  Customer  Mechanic particularly ~ Custome  dealers;
etal. nofan Effici s; OEM; / objective r IVIS
2010 integration ency distributo  technician  specified, initiates
framework IS; performan  but rather the
of service suppliers;  ce; an service
and staff; Legislativ approach and
technology legislators e actions; for the mechani
strategies real-time industry to ¢ order
informatio  integrate
n; spare services
parts
Kak - Review - Distinction Intelli  Drivers, - OEM; - Vehicle; - VANETs -No - On-
kasa  on between driver gent Society customers  telecomm are a specific board
geri informatio services, Trans ; sensor unication component  involve devices
and n passenger port suppliers;  infrastruct  of ment
Man  manageme  services, communi  ure; intelligent mentione
vi nt information cation service transportati  d;
2014  techniques  services and infrastruct  platform; on systems  driving
of public services ure technolog and enables
vehicular providers;  ysuppliers  improve being
ad hoc platform safety, partofa
networks provider convenienc ~ VANET
(VANET's e,
) commerce,
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Aut Goal of Service Servic  Customer Key Service Service Custo Points of
hors the Systems e stakehol network Objective mer Interaction

Article Value ders infrastruct Involv
ure ement
entertainme
nt,
infotainme
nt
Lee - Survey - Street-level Conn OEMs, - OEMs; - Vehicle; - Vehicular - -
and on traffic flow ectivi  OEM drivers; Sensors; sensing for ~ Custome  Smartphon
Gerl  vehicular estimation; ty suppliers smartpho sensory safety rs' smart e and
a sensor proactive urban ne informatio  increase by  phones virtual
2010  network surveillance; producers  n; better as interfaces
developme  vehicular safety ;roadside  communic  predicting sensing
nts and warning communi ation environme platform
identificati services; ride cation network; ntal S; NO
on of new quality infrastruct ~ service conditions active
trends monitoring; ure platform; involve
location-aware provider ment
micro-blogging studied
or
focused
on
Lenf - Case - Management Safet ~ Automoti - Service - Vehicle; - - - Directly
le study on of emergency y ve personnel  telecomm Emergency  Custome via the
and an OEM and breakdown Manufact ; OEM; unication and s phone;
Midl regarding calls urers legislator;  technolog breakdown  actively virtual
er the technolog  y; TP calls and / or interface
2009 manageme y Service service to directly on mobile
nt of supplier; staff; increase engage devices
emergency Communi  Emergenc safety as with the
cation y well as personne
breakdown infrastruct  infrastruct  comfort 1
calls ure ure and and
provider; staff; convenienc
service e
provider
if not
OEM;
platform
provider
Lim - - Vehicle Safet ~ Automoti - - Vehicle; - Foremost - Degree -
etal. Evaluation  operation and y ve service Telematic  service to increase of Smartphon
2015 informatics health manager; consumer s platform  platform; safety, as participa e
-based eco-efficiency s; repair provider; staff for vehicle tion applicatio
servicesin  improvement shops OEM; service operation differs n (Fuel-
the service; driving service design; and health with the  efficiency
automotive  safety providers; communic  manager; service; improvem
industry enhancement; consumer  ation driving customer ent);
and consumable s; repair infrastruct  safety s as onboard
proposition  replacement shops; ure; enhanceme  service device for
ofa support service; consumab  insurance nt services demande  informatio
conceptual  prognostic le tariffs for rs, but n display
design maintenance managem commercial  rarely (Driving
framework  support service ent shops; vehicles; involved  safety
insurance comfort in the enhancem
companie and service ent);
S; convenienc  creation Email
applicatio e gains process;  (Consuma
n through customer  ble
developer monitoring,  integrati  replaceme
s; service diagnosis on nt
designers & through support);
predictions  informati Phone call
on (Prognosti
provisio ¢
n, but maintenan
not ce
actively support)
involved
Lind -Research - Development Reso Automoti - After- - Vehicle; - Safety as - Low - Vehicle;
kvist  of the of service urce ve sales and handbook;  well as customer  handbook
and informatio  maintenance Effici  Service sales service comfort involve
Sun n transfer instructions ency Develope  staff; developme and ment in
din in the rs; OEMs  legal nt staff; convenienc  the
2016  service authority;  publishing e via design
developme service staff; service process;
nt process developm  spare parts  maintenanc  recogniti
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Aut Goal of Service Servic  Customer Key Service Service Custo Points of
hors the Systems e stakehol network Objective mer Interaction

Article Value ders infrastruct Involv
ure ement
of two ent e on of
OEMs departme instructions  importan
nt; ce of
terminolo utilizatio
gist; n of
technical informati
informant on
; feedback
translator;
times
study
technician
; service
designer;
illustrator
; editor;
Spare part
partner;
publicist
Lisb - - Displays; Servi  Automoti - - Displays; - - Drivers - Vehicle
oaet Identificati  augmented ce ve Suppliers;  augmented Instrument  are infotainme
al. on of reality; touch Exper  Service service technolog ation to service nt system
2016  innovative screens and ience Providers  providers; y; ICT; increase consume  or buttons,
VIS haptics; others Enha , OEMs distributo Software safety and rs; virtual
through a digital ncem IS; for voice assist driving interface
Multi- assistants; ent legislators  and driving by triggers through
Criteria gesture ; OEM; gesture conveying service mobile
Decision recognition; staff recognitio  the car’s system applicatio
Making interactive n; vehicle internal ns
(MCDM) projection; eye state;
model tracking; voice comfort
control and and
speech convenienc
recognition e through
infotainme
nt, A/C
controls
and
navigation
(e.g. GPS)
Mah - - Emphasize on Produ OEM - OEM; - Vehicle; - Increased - - Service
utet  Exploratio service ctand  units driver; service safety Recogni  channel
al. n to the development servic service developme  through zes for
2015  shift of and provision of e designer; nt staff; assisted customer  customer
PSS'* and exemplary integr service communic  driving; involve interaction
its examples, e.g. ation provider ation mobility as  ment as ; virtual
application  diagnostics, technolog aserviceas an interfaces
s with the assisted driving, y; DAS an integral through
focus on embedded intelligent part of mobile
the communication transportati  the phones
automotive  services, on service; methodo
industry personalization remote logy for
diagnostics PSS
(MEPSS
)
Mits - -IVISs Usabi  Automoti - Drivers; - Vehicle; - Increase - - Virtual
opou Investigati lity ve service service in safety Usability  interface;
los- on of the Service designers;  design foremost, evaluatio  physical
Rub usability of Providers  OEMs; staff; IVIS  butalso n of the environme
ens three , OEMs engineers  technolog comfort prototyp  nt within
etal. IVISs y; ICT and es by the vehicle
2011 regarding a convenienc  means of
human- e with 30 end
centric respect to users;
design usability generally
approach , N0
within a continuo
case study us Ul
gatherin
gand
testing
consider
ed;

customer
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Aut Goal of Service Servic  Customer Key Service Service Custo Points of
hors the Systems e stakehol network Objective mer Interaction

Article Value ders infrastruct Involv
ure ement
s
actively
engage
with the
IVIS
Muk - Provision - Vision-based Safet Automoti - OEM; - Vehicle; - Vision- - Driver - Screens
htar of asurvey  vehicle y ve automotiv =~ DAS based is the as virtual
etal. aboutthe detection OEMs; e technolog vehicle initiator interfaces
2015  state-of- techniques; suppliers suppliers;  y; CAS; detection of the
the-art on- active: collision driver; control techniques service
road and avoidance passenger  software for road through
vision- system, ; safety vehicle
based automatic improveme  moveme
vehicle braking, nt nt
detection adaptive cruise
and control, lane
tracking departure
systems warning
for CASs''  systems;
passive: vehicle
safety systems
(seat belts,
airbags,
crumple zones,
laminated
windshields)
Nyb - - Remote Test Safet OEMs - Service - Vehicles; - RTM for - - Virtual
acka  Presentatio = Management: y providers; tires; test automotive ~ Custome interface
etal. nofa vehicle OEMs; drivers; winter rs are of the
2010 RTM" dynamics, test service testing OEMs RTM;
solution vibration/noise, drivers; team; test services, and service
for new exhaust staff site which suppliers  personnel;
innovative measurement, facility; benefits and virtual
servicesin  temperature and RTM safety work interface
the humidity platform closely
automotive  measurements; together
winter audio /video with the
testing communication test
industry service
provider
s
Olia - -ITS® Safet  Society, - Driver; - Vehicle; - Safety - - Vehicle
etal. Introductio y Driver; Road RSU; improveme  Custome and
2016 nofa OEMs network Traffic nt and IS mobile
traffic providers; infrastruct  mitigation provide phone
modeling OEMs; ure; of traffic geograph  applicatio
framework Legislator ~ sensory congestion ic ns
for the s; informatio by the informati
interaction suppliers;  n; usage of on and
between service communic  advanced contribut
vehicles providers;  ation ICT; e to the
and the 3rd infrastruct  environme network,
infrastruct parties ure; ntal aspects  resulting
ure such as control in
pedestrian  software mutual
s and benefits,
residents; e.g.
platform fewer
provider; travel
infrastruct time,
ure less
provider accidents
, fewer
congesti
on,
better
environ

ment
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Aut Goal of Service Servic  Customer Key Service Service Custo Points of
hors the Systems e stakehol network Objective mer Interaction

Article Value ders infrastruct Involv
ure ement
Park - -ITS; ATIS!; Safet  OEM, - Driver; - Vehicle; - Increase -No -HMIY,
and Propositio APTS"; y Service OEM; communic  in safety involve e.g.
Kim nofan AVHS'¢ Provider service ation and ment in infotainme
2015  adaptive provider; infrastruct  intelligent the nt systems
multimoda mobile ure; IVIS; in-vehicle service etc. —
lin-vehicle technolog  geographi  navigation develop physical
informatio y c systems ment and virtual
n system providers;  informatio process interface
(AMiVIS) navigatio n
n
suppliers;
road
authority
Shar - Study on - Dynamic Assist  Public - Road - Vehicle; - Display - Drivers - Virtual
ples dynamic information ance Infrastruc  sign highway dynamic participa  interfaces
etal. electric road signs in ture authority;  authority info. in te e.g. by  on signs,
2016  informatio drivin  Managers  technolog  agency; highway followin  smartphon
n on motor g y road signs;  environme g the e
highways decisi suppliers applicatio nts to instructi  applicatio
and its on (no active  n; increase on, in ns and
driving maki involvem  platform; safety and the websites
decision ng ent); provide overall
making drivers intelligent service
influence transportati  objective
on
Stev - - Distraction Safet IVIS - - Vehicle; - Safety - Testers' - Virtual
ens Investigate ~ measurement of y Display Usability IVIS; issues from  response interface;
etal. sthesafety IVIS Designers  experts; designer VIS s are physical
2010  issues drivers; staff; integrate  attributes
arising human Legislator d in the within the
from an factor actions evaluatio  vehicle
increase of analysts n environme
IVIS process nt
through
distraction
Vas - -IVIS Safet Society, -IVIS - OEM; - Effect of - Drivers - Virtual
hitz Simulation y Drivers, supplier; highway IVIs on astesters  interface
etal. of IVIS Road OEMs; authority vehicle of the of the
2008  effects on Participa highway staff; road  safety distractio  IVIS
driving nts traffic infrastruct n level
safety in safety ure; IVIS of IVISs
road administr
tunnels ation
Wan - - Safety hazard Enha Society, - Driver - Vehicle; - The - Not - Virtual
etal. Developm  prediction; nce Incumben  or VCPS overall mentione  interfaces;
2014 entofan entertainment; servic  ts, End passenger infrastruct  objectiveis  d, but road signs
architectur  traffic-aware e Customer ; VCPS ure; to provide drivers processing
e for the mobile GIS?’; integr infrastruct ~ sensors; the trigger the data
integration ~ Safety ation ure ICT necessary data representi
of MCC"® information and provider; infrastruct  service delivery  ng the
in VCPS" entertainment service ure infrastructu  to public  physical
resources providers;  (internet, re, where clouds environme
sharing; car- OEM; access services nt
pool services; Suppliers  points); fulfil
maintenance; — sensor public different
emergency road providers;  cloud functions
services; real- communi and
time traffic cation application
information; infrastruct S
cloud-supported ure
dynamic providers
routing; (internet,
reservation access
services points);
public
cloud

providers
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Yeh - Software - Vehicle box Usabi  Drivers, -ICT - Vehicle; - Overall - -
etal. integration  that tracks the lity Informati  suppliers;  service safety and Custome  Touchscre
2007 framework  vehicle status on service platform; convenienc  rs can en based
for theuse  and has a scene Service providers;  GPS e related interact GUI;
of VIS reconstruction Consume  customers  Sensors; service viaa Vehicle
function r ; OEMs Geographi  application  touch-
c s based
informatio GUI
n; touch with the
sensing VIS
software;
V-box
Note. 8. IVIS — In-Vehicle Information 15. APTS - Advanced Public
DAS — Driver Assistance Systems Transportation System
System 9. TP - Telematics Platform 16. AVHS - Advanced Vehicle
RTIS — Remote Traffic 10. PSS — Product Service Systems and Highway System
Information System 11.  CAS— Computer Aided System 17.  HMI— Human Machine
RSU — Road Side Unit 12.  RTM - Remote Technology Interaction
1VS — Intelligent Vehicle Management 18. MCC - Mobile Cloud
System 13.  ITS — Intelligent Transport System Computing
OBD — On-Board 14.  ATIS - Advanced Traveler 19.  VCPS - Vehicular Cyber-
Diagnostic Information System Physical Systems
VIS — Vehicle Information 20. GIS — Geographic
System Information System

ICT - Information and
Communication Technology

21.

V2V — Vehicle-to-Vehicle
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Appendix E: Literature categorization in accordance to the identified constructs

Expression Ordered Expression by Class
increased safety features; Transportation time and stress reduction; Driving experience Increased safety features; Emergency support; IVIS safef
d

Category Dimension

Navigation : Enhancey Cost reduction: Comort; Service  improvement; Improved testing conditions; Provision of health manager g
maintenance improvement; Optimized mobility experience; VIS usability improvement; Safety & Security
Advanced service integration; Environmental impact reduction; Service individualization; N
Ob]eht Getection unprowmenl Secumy lmpmvemem Security
Security improvement; IVIS safety improvement; IVIS experience enhancement; Object detection, e, P A 000
: IVIS usability Cost reduction; impact reduction: e
IMobility accessibility improvement; Provision of health manager; Emergency support reduction Resource efficiency Resource

Driving experience enhancement;
Driving experience
Enhanced

Service VIS
Service Value usability improvement; Advanced service integration; Optimized
mobility experience; Infotainment improvement; IVIS usability Service experience & Emotion &
IVIS experience Usability Experience
Service individualization Customiration
'MLb?n"""'Mot;m""""","""'""""""""""'
o o Accessibility
Traffic convenience improvement; Driving facilitation; Comfort: Comfort & Convenience
Transportation stress reduction; Nﬂvlgalmn facilitation
Convenience
arsharing; ]nlc]hgcnl transportation; Advanced driving assistance; Formation of VANETs;  Carsharing; Intelligent transportation; Intelligent navigation provision; 3
reduction; Vehicle Intelligent navigation provision; IVIS issue Routing time reduction; Reduced routing expenses Transportation & Intelligent
letection; IVIS driving effects recording; Routing time reduction; Reduced routing expenses; o Transportation
riving ¢ decision support; Service Vehicular sensing imp Vehicle Formauon of VANETS; Vehicle connectivity: Dynamic information .
i Enabling remote di ics;  delivery; C: y Connectivity Connectivity

isual vehicle detection Iechmque ; RTM for testing s::nlce: Dynamic information delivery; enhﬂ“ctmem

raffic awareness system; Connectivity enhancement; Safety software systems e, .

Advanced driving assistance; Traffic awareness system; Visual vehicle

detection techniques; IVIS driving effects recording; IVIS issue .
Issue Detection & Driving Support &

detection; Safety software systems; Vehicular sensing improvement - )
Driving support Assistance

Maintenance reduction; Vehicle diagnostics improvement; Provision of

health manager; Maintenance instructions improvements; Enabling

remote diagnostics; RTM for testing services; Service integration Quality improvement EEGaRrC:
Assistance
icle; Communication infrastructure; Stationary sensors; Geographic i i C i frastr.; Stationary sensors; Electric grid; RSU;
Eneionment information: DAS: Batter: V rual applications: Mobile communication devices: Signaling Devices: Road signs: Chirging sttion: Emérgency infrasr,  Staionary
lectric grid; Application layer; Virtual applications; Network layer; MAC layer; RSU infrastructures Physical Stationary
infrastructure; Data Center; Diagnostics and prognostics information; Spare Parts; Repair space; % * ® * * % * = * # st s @t st s w s st s s s s st srssssrs | Infrastructure

Stores; Repair space; Public parking areas; Test site facili

ublic parking arcas: Internet; Cloud inffastructure; Stores; ADAS technology: Electric Vehicle; Areas
atteries; Charging station; Sensing platform; Emergency infrastructure; Insurance tarif * e osE s wEwEEEoEEaE A EE NN EE TR EEEEEEEEEEEEEEEEasas
isplays; Augmented technology: Software; Voice and gesture recognition technology: CAS; ~ Vehicle; Mobile sensors; DAS; Electric Vehicle; Mobile Physical Mobile

. . g A communication devices; Spare Parts; Batteries; Tires; Displays
ires; Test site facility; RMT platform; Road signs; Mobile sensors Infrastructure

Mobile devices

formation; Environmental inf.
Vehicular inf.; Insurance tarifs; Software; Voice and

gesture i CAS; d technolog:

Service network infrastructure Geographic

Data Cénter: Internet; Cloud infrastructure: Sensing platform RMT *~ * * * ©* * * " " Digital Infrastructure
platform; Application layer; Virtual applications; Network layer; MAC
layer; ADAS technology IT Infrastructure
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XIX

Appendix E:

constructs

Customer

Key stakeholders

‘ustomer Involvement

Points of Interaction

Revenue

Cost Struc-ture

Drivers; End customer; OEMs; Business customer; Incumbents; Information service consumer;
[Passenger; Car sharing consumers; OEM Business units; Users of IVIS; Automotive service

providers; Electric vehicle OEM Supplicrs;
Chops: Automative service developers: OEM Units Suppliers: Service providers: Public

infrastructure managers; IVIS Suppliers; Mobile cloud computing users; Application providers;
VIS Software development companies; VIS Software users

RepairMobile cloud computing users; VIS Software users

continued literature categorization in accordance to the identified

Driver; End cuslumer, Inlunmmun service consumer; Passenger; Car
sharing Users of IVIS; service

End Consumer

Extenal Service
Recipient

“"Automotive service providers; OEM suppliers; Repair shops: Suppliers
Service providers; Public infrastructure managers; IVIS suppliers;

Application providers; VIS software development companies Business Customers

Buslness cusLomer OEM busmess umLs OEM um

service developers Business Units

Battery supplier; Financial service provider; Dealer; Battery charging station providers; Battery
kwapping service station operators; Charging grid operator; Communication infrastructure
providers; Staff; RSU provider; Platform provider; Service technician; Engineer; Municipality:
[Backend provider; Software architect; Mobile device manufacturers; Mobile network operators;

overnmental regulatory agenc: Mechanic / technician; Staff for service design;
Service development staff; Publishing staff: Test drivers; Service team; Highway authority
hgency; Sensor suppliers; Aftersales and sales staff; Terminologi ider;

chnical informant; Security and Privacy Provider; Translator; Time study technician; Service
designer; Illustrator; Editor; Spare parts partner; Publicist; Test drivers; Road network providers;

sability experts; Human factor analysts; ICT supplier; Society: Highway traffic safety
ladministration

ISpare parts supplier; 3rd-party beneficiaries; V2V communication providers; Traffic participants;

Cee e ST UL Internal Serviee
OEMs; Electric vehicle manufaciurers: Incumbents o Recipient
Service technician; Technical informant; Time study technician; Human
factor analysts; Dealer; Charging grid operator
‘Staff: Mechanic / technician; Staff for service design; Service Service staff
development staff; Publishing staff; Test drivers; Service tean;
Highway authoriy agency

S e PhysicalService

Battery supplier; Battery chargin RSU provider; TEEE
Communication infrastructure pmwdem Viobile device manufacturer; Provider

OEM; Customer; Road network providers; Engineer; A fter Sales and
sales .«Ml\C Terminologist; Spare parts partner; ICT supplier; Battery

swapping service station operator; Spare parts supplier

Service Providers

Software architeet; encr: Editor: Mobile

network operator: Translator: PUblicist: Service designer: Ilustrator . Information service

staff

Digital Service
Provider

Financial Service p pro
providers; Service Bt provider: Munieipalty; Backend provider:
Governmental regulatory agency; Sensor suppliers; OEM; Security and
Privacy Provider

Information service

providers

rivers as actuators of the DAS and VS actions; Service Usage; Service providers for grid
balancing; Participation in a service network through vehicle movement; Active service

partcipation Feedback giver; Device carers; Enablers for snsing pltforms; Givers of sensory

information provision; Utilization feedback provider; Test persons; Active IVIS

service Passively as service demanders;

3rdr fi lnveslors
nghway traffic safc!y admml;(mlmn Society Secondary Secondary Service
beneficiaries Beneficiary
Collaboration with OEMs and suppliers as test service providers; Test
persons; IVIS distraction testers; Service providers for grid balancing ~ Developmental
Collaborators

“Active Service participation: Feedback giver: Directindirect” ~ ~ ~ ~ ~~~© 7" """ [Active Participation

ollaboration with OEMs and suppliers as test service providers; Geographical information
providers; IVIS distraction testers

with service Active VI Active

Service usage; Passively as service demanders Service Users
Givers of sensory i provision; G
information providers;

Information Provider
e e e e a e aaaeaasaeaasaas s Passive Participation
Dévice catriers; Drivers as actuators of the DAS and VS actions:

Participation in a service network through vehicle movement; Enablers

for sensing platforms Actuator / Enabler

Sensor data Mobile system; Deslers; Bttty swapping
personnel; In-vehicle navigation system; Website; Customer service; Technicians; Virtual

interface via mobile devices; Physical in-vehicle interfaces; Mechanics; Auditory interactions;
[Electric vehicle charging station; Digital interaction; Vehicle manual; Human Machine

Interaction; Auto repair shop; Traffic information systems; Vehicle touchpoints

Dealers; Battry swapping personncl Customer serviee Technicians;
Mecl

Personnel ‘Human Interaction

Véhicld touchpoints; Sensor data

system;
Physical in-vehicle interfaces Vehicle Composition Physical Vehicle
Attributes
Elecmc vehicle char},m;, muon. Traffic information systems; Vehicle External

manual; Auto repair shop Physical Environmenc | FRS
nvironment

wis

‘In‘vehicle navigation sysiem; Human Machine Intéraction:

-ations; Financial services; Virtual interface via mobile
devices; Website; Auditory interactions; Digital interaction

Virtual Interfaces
Virtual interfaces

Assct sales; Usage fees; Toos: L

asing; Licensing; Brokerage Fees;

Transaction

Advertsing T T T
Recurring Revenues
conomies of scales, Economies of scopes Fixed costs; Variable costs F———
Cost-Driven

Table 03: Literature categorization in accordance to the identified constructs



Bibliography XX

Bibliography

Abrahamsson, P. (2002). Agile software development methods: Review and analysis. VIT
publications: Vol. 478. Espoo: VTT.

Adner, R. (2017). Ecosystem as Structure. Journal of Management, 43, 39-58.
https://doi.org/10.1177/0149206316678451

Akaka, M. A., & Vargo, S. L. (2014). Technology as an operant resource in service
(eco)systems. In Inf Syst E-Bus Manage 12 (3), pp. 367-384. DOI: 10.1007/s10257-
013-0220-5.

Al Alam, S. M. D., Pfahl, D., & Ruhe, G. (2016). Release Readiness Classification — An
Explorative Case Study. In Unknown (Ed.), Proceedings of the 10th ACM/IEEE
International Symposium on Empirical Software Engineering and Measurement -
ESEM '16 (pp. 1-7). New York, New York, USA: ACM Press.
https://doi.org/10.1145/2961111.2962629

Alter, S. (2012). Metamodel for Service Analysis and Design Based on an Operational View
of Service and Service Systems. Service  Science, 4, 218-235.
https://doi.org/10.1287/serv.1120.0020

Alter, S. (2017). ANSWERING KEY QUESTIONS FOR SERVICE SCIENCE. In (pp.
1822-1836). Retrieved from http://aisel.aisnet.org/ecis2017 rp/117/

Altman, E. J.; & Tushmann, M. L. (2017). Platforms, Open/User Innovation, and
Ecosystems: A Strategic Leadership Perspective. Harvard Business School

Organizational Behavior Unit Working Paper No. 17-076. Available online at
https://ssrn.com/abstract=2915213, checked on 3/3/2018.

Ambler, S. (2014). Lean and agile software development is more successful than waterfall.
Retrieved March 01, 2016, from Scott Ambler and  Associates:
http://scottambler.com/backup muse/lean-and-agile-softwaredevelopment-is-more-
successful-than-waterfall.html

Andreasen, M. M., Hansen, C. T., & Cash, P. (2015). Change, Development, and
Conceptualization. Setting the Scene. In Mogens Myrup Andreasen, Claus Thorp

Hansen, Philip Cash (Eds.). Conceptual Design. Cham: Springer International
Publishing, 13-34.

Asthana, A., & Olivieri, J. (2009). Quantifying software reliability and readiness. In 2009
IEEE International Workshop Technical Committee on Communications Quality and
Reliability (1-6). IEEE. https://doi.org/10.1109/CQR.2009.5137352

ATLAS.ti 8 Windows | Qualitative Data Analysis with ATLAS.ti. Retrieved from
https://atlasti.com/de/produkt/v8-windows/

Baines, T. S., Lightfoot, H. W., Benedettini, O., & Kay, J. M. (2009). The servitization of
manufacturing. Journal of Manufacturing Technology Management, 20, 547-567.
https://doi.org/10.1108/17410380910960984

Baines, T. S., Lightfoot, H. W., Evans, S., Neely, A., Greenough, R., Peppard, J., . . . &
Wilson, H. (2007). State-of-the-art in product-service systems. Proceedings of the
Institution of Mechanical Engineers, Part B: Journal of Engineering Manufacture, 221,
1543—-1552. https://doi.org/10.1243/09544054JEM858

Ballantyne, D. (2006). Creating value-in-use through marketing interaction. The exchange
logic of relating, communicating and knowing. In Marketing Theory 6 (3), 335-348.
DOI: 10.1177/1470593106066795.



Bibliography XXI

Bankvall, L., Dubois, A., & Lind, F. (2017). Conceptualizing business models in industrial
networks. In B2B Service Networks and Managing creativity in business market
relationships 60, 196-203. DOI: 10.1016/j.indmarman.2016.04.006.

Barquet, A. P. B., Steingrimsson, J. G., Seliger, G., & Rozenfeld, H. (2015). Method to
Create Proposals for PSS Business Models. In Procedia CIRP 30, 13-17. DOI:
10.1016/j.procir.2015.02.148.

Beck, K., Beedle, M., Bennekum van, A., Cockburn, A., Cunningham, W., Fowler, M. et al.
(2001). Manifesto for Agile Software Development. Business People. Agile Alliance.
Available online at http://agilemanifesto.org/, updated on 2001, checked on 4/2/2017.

Bengler, K., Dietmayer, K., Farber, B., Maurer, M., Stiller, C., & Winner, H. (2014). Three
Decades of Driver Assistance Systems: Review and Future Perspectives. In IEEE

Intelligent  Transportation  Systems  Magazine 6 (4), 6-22. DOL
10.1109/MITS.2014.2336271.

Berman, S. J. (2012). Digital transformation: opportunities to create new business models.
Strategy & Leadership, 40, 16-24. https://doi.org/10.1108/10878571211209314

Beuren, F. H., Gomes Ferreira, M. G., & Cauchick Miguel, P. A. (2013). Product-service
systems: A literature review on integrated products and services. Journal of Cleaner
Production, 47, 222-231. https://doi.org/10.1016/].jclepro.2012.12.028

Beynon-Davies, P., Tudhope, D., & Mackay, H. (1999). Information systems prototyping in
practice. Journal of Information Technology (Palgrave Macmillan), 14, 107-120.
https://doi.org/10.1080/026839699344782

Bharadwaj, A., El Sawy, O. A., Pavlou, P. A., & Venkatraman, N. (2013). Digital Business
Strategy: Toward a Next Generation of Insights. MIS Quarterly, 37, 471-482.

Biem, A., & Caswell, N. (2008). A Value Network Model for Strategic Analysis. In :
Proceedings of the 41st Annual Hawaii International Conference on System Sciences
(HICSS 2008). IEEE, p. 361.

Bilgeri, D., Wortmann, F., & Fleisch, E. How Digital Transformation Affects Large
Manufacturing Companies’ Organization. In ICIS 2017 (1-9). Retrieved from
http://cocoa.ethz.ch/downloads/2018/01/2360 3 Bilgeri%20et%20al. 2017 10T%20
Organization%200f%20Large%20Manufacturing%20Companies.pdf

Boehm, M., & Thomas, O. (2013). Looking beyond the rim of one's teacup. A
multidisciplinary literature review of Product-Service Systems in Information Systems,
Business Management, and Engineering & Design. In Journal of Cleaner Production
51, 245-260. DOI: 10.1016/j.jclepro.2013.01.019.

Boley, H., & Chang, E. (2007). Digital Ecosystems. Principles and Semantics. In : 2007
Inaugural IEEE-IES Digital EcoSystems and Technologies Conference. 2007 Inaugural
IEEE-IES Digital EcoSystems and Technologies Conference. Cairns, Australia,
21.02.2007 - 23.02.2007: IEEE, 398—403.

Boudreau, K. (2010). Open Platform Strategies and Innovation: Granting Access vs.
Devolving Control. Management Science, 56(10), 1849-1872.
https://doi.org/10.1287/mnsc.1100.1215

Boudreau, K. J. (2012). Let a Thousand Flowers Bloom? An Early Look at Large Numbers
of Software App Developers and Patterns of Innovation, Organization Science 23(5).
1409-1427.

Bounfour, A. (2016). Digital Futures, Digital Transformation: From Lean Production to
Acceluction (1st ed. 2016). Progress in IS. Paris, Cham: CIGREF a network for large



Bibliography XXII

companies. Retrieved from
http://search.ebscohost.com/login.aspx?direct=true&scope=site&db=nlebk & AN=1076
509

Bowen, G. A. (2009). Document Analysis as a Qualitative Research Method. Qualitative
Research Journal, 9, 27—40. https://doi.org/10.3316/QRJ0902027

Bucherer, E., Eisert, U., & Gassmann, O. (2012). Towards Systematic Business Model
Innovation: Lessons from Product Innovation Management. Creativity and Innovation
Management, 21, 183—198. https://doi.org/10.1111/}.1467-8691.2012.00637.x

Buchmann, T., & Pyka, A. (2015). The evolution of innovation networks: the case of a

publicly funded German automotive network. In Economics of Innovation and New
Technology 24 (1-2), 114-139. DOI: 10.1080/10438599.2014.897860.

Burkhart, T., Krumeich, J., Werth, D., & Loos, P. (2011). Analyzing the Business Model
Concept: A Comprehensive Classification of Literature. In: International Conference on
Information Systems (ICIS-11). Shanghai, China.

Capon, N., & Senn, C. (2017). Customer-Centricity in the Executive Suite: A Taxonomy of
Top-Management—Customer Interaction Roles. In Nicole Pfeffermann, Julie Gould
(Eds.). Strategy and Communication for Innovation, vol. 52. Cham: Springer
International Publishing, 291-301.

Cavalieri, S., & Pezzotta, G. (2012). Product—Service Systems Engineering: State of the art
and research challenges. In Computers in Industry 63 (4), 278-288. DOI:
10.1016/j.compind.2012.02.006.

Chanias, S., & Hess, T. (2016). Understanding Digital Transformation Strategy Formation:
Insights from Europe's Automotive Industry. In PACIS 2016 Proceedings. Association
for Information Systems.

Charmaz, K. (2014). Constructing grounded theory: A practical guide through qualitative
analysis (2. publ). London u.a.: SAGE.

Chesbrough, H. (2010). Business Model Innovation: Opportunities and Barriers. In Long
Range Planning 43 (2-3), 354-363. DOI: 10.1016/j.1rp.2009.07.010.

Christensen, C. M. (1997). The Innovator's Dilemma: When New Technologies Cause Great
Firms to Fail. Boston, MA, Harvard Business School Press.

Collin, J., Hiekkanen, K., Korhonen, J.J., Halén, M., Itdla, T., & Helenius, M. (2015). IT
Leadership in Transition-The Impact of Digitalization on Finnish Organizations.
Research rapport, Aalto University. Department of Computer Science.

Cooper, H. M. (1988). Organizing knowledge syntheses: A taxonomy of literature reviews.
Knowledge in Society, 1, 104—126. https://doi.org/10.1007/BF03177550

Cozzolino, A., & Rothaermel, F. T. (2018). Discontinuities, competition, and cooperation:
Coopetitive dynamics between incumbents and entrants. In Strat Mgmt J 80 ((7)), p. 40.
DOI: 10.1002/smj.2776.

Coughlin, T. (2016). The Memory of Cars [The Art of Storage]. IEEE Consumer Electronics
Magazine, 5, 121-125. https://doi.org/10.1109/MCE.2016.2590238

Crowe, S., Cresswell, K., Robertson, A., Huby, G., Avery, A., & Sheikh, A. (2011). The
case study approach. BMC Medical Research Methodology, 11, 100.
https://doi.org/10.1186/1471-2288-11-100



Bibliography XXIIT

Curley, M., & Kenneally, J. (2012). IT Capability Maturity Framework. Retrieved from
Innovation Value Institute website:
https://www.vanharen.net/Player/eKnowledge/execoverview _itcmf web.pdf

Daimler AG (2018). Mobility Services | Daimler. Daimler AG. Stuttgart. Available online
at  https://www.daimler.com/produkte/services/mobility-services/,  checked on
4/29/2018.

Darking, M., Whitley, E.A., & Dini, P. (2008). Governing Diversity in the Digital
Ecosystem, Communications of the ACM, 51(8). 137-140.

Davies, A., Brady, T., & Hobday, M. (2006). Charting a Path toward Integrated Solutions.
In MIT Sloan Management Review 47 (3), 39-48

Deelman, E., Singh, G., Su, M.-H., Blythe, J., Gil, Y., Kesselman, C., . . . & Katz, D. S.
(2005). Pegasus: A Framework for Mapping Complex Scientific Workflows onto
Distributed Systems. Scientific Programming, 13, 219-237.
https://doi.org/10.1155/2005/128026

Dingseyr, T., & Lassenius, C. (2016). Emerging themes in agile software development:

Introduction to the special section on continuous value delivery. Special Section on Best
Papers from XP2010, 77, 56—60. https://doi.org/10.1016/j.infsof.2016.04.018

Dingsayr, T., Moe, N. B., Tonelli, R., Counsell, S., Gencel, C., & Petersen, K. (2014). Agile
Methods. Large-Scale Development, Refactoring, Testing, and Estimation (Vol. 199).
Cham: Springer International Publishing.

Dodourova, M., & Bevis, K. (2014). Networking innovation in the European car industry:
Does the Open Innovation model fit? In Transportation Research Part A: Policy &
Practice 69, 252-271. DOI: 10.1016/j.tra.2014.08.021.

Dremel, C., Herterich, M., Wulf, J., Waizmann, J.-C., & Brenner, W. (2017). How AUDI
AG Established Big Data Analytics in Its Digital Transformation. In MIS Quarterly
Executive 16 (2), 81-100.

Eaton, B., Elaluf-Calderwood, S., Serensen, C., & Yoo, Y. (2015). Distributed Tuning of
Boundary Resources: The Case of Apple’s i0OS Service System. MIS Quarterly, 39(1),
217-243. https://doi.org/10.25300/MISQ/2015/39.1.10

Evans, P. C., & Basole, R. C. (2016). Revealing the API ecosystem and enterprise strategy
via visual analytics. In Communications of the ACM 59 (2), 26-28. DOI:
10.1145/2856447.

Ferrario, R., & Guarino, N. (2011). Towards an Ontological Foundation for Services
Science. Retrieved from
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.362.5025

Ferreira, M., Moreira, F., & Seruca, 1. (2017). DIGITAL ORGANIZATION — A NEW
CHALLENGE IN THE INFORMATION SYSTEMS CURRICULUM. In Luis Goémez
Chova, Agustin Lopez Martinez, Ignacio Candel Torres (Eds.). International
Technology, Education and Development Conference. Valencia, Spain, 06.03.2017 -
08.03.2017: IATED (INTED proceedings), 2437-2447. Available online at
https://library.iated.org/view/FERREIRA2017DIG.

Fettke, P. (2006). State-of-the-Art des State-of-the-Art. WIRTSCHAFTSINFORMATIK, 48,
257-266. https://doi.org/10.1007/s11576-006-0057-3

Firnkorn, J., & Miiller, M. (2012). Selling Mobility instead of Cars: New Business Strategies
of Automakers and the Impact on Private Vehicle Holding. Business Strategy and the
Environment, 21, 264-280. https://doi.org/10.1002/bse.738



Bibliography XXIV

Fleisch, E., Weinberger, M., & Wortmann, F. (2014). Business Models and the Internet of
Things. Bosch IoT Lab White Paper. Retrieved from Bosch IoT Lab website:
http://www.iot-lab.ch/wp-content/uploads/2014/11/EN_Bosch-Lab-White-Paper-GM-
im-IOT-1_3.pdf

Fontana, R. M., Meyer, V. J., Reinehr, S., & Malucelli, A. (2015). Progressive outcomes: A
framework for maturing in agile software. The Journal of Systems and Software, 102,
88-108.

Ford Motor Company. (2018). Ford SYNC 3 with AppLink. Retrieved from
https://www.ford.co.uk/owner/resources-and-support/sync-bluetooth/ford-sync-3-help

Foss, N. J., & Saebi, T. (2017). Fifteen Years of Research on Business Model Innovation. In
Journal of Management 43 (1), 200-227. DOI: 10.1177/0149206316675927.

Frank, U. (2007). Evaluation of Reference Models. In P. Fettke & P. Loos (Eds.), Reference
modeling for business systems analysis (118—140). Hershey Pa. u.a.: Idea Group Publ.

Freiling, J. (Ed.) 2015. Editorial: Business Model Innovation - A Concept Between
Organizational ~ Renewal And Industry  Transformation. Retrieved from
http://www.lemex.uni-bremen.de/files/freiling/JTEMI_Voll1 Issuel 2015.pdf

Frey, S., Charissis, L., & Nahm, J. (2016). How Software Architects Drive Connected
Vehicles. In IEEE Software 33 (6), 41-47. DOI: 10.1109/MS.2016.145.

Gaiardelli, P., Martinez, V., & Cavalieri, S. (2015). The strategic transition to services: A
dominant logic perspective and its implications for operations. Production Planning &
Control, 26, 1165-1170. https://doi.org/10.1080/09537287.2015.1033498

Gartner Inc. (2017). Digitalization - Gartner IT Glossary. Available online at
http://www.gartner.com/it-glossary/digitalization, checked on 3/31/2017.

Gassmann, O., Frankenberger, K., & Csik, M. (2014). The St. Gallen Business Model
Navigator. Available online at
http://www.bmilab.com/fileadmin/images/home/The St.Gallen Business Model Nav
igator.pdf, checked on 9/3/2016.

Gawer, A., & Cusumano, M. A. (2002). Platform Leadership: How Intel, Microsoft, and
Cisco Drive Industry Innovation, Brighton: Harvard Business School Press.

Ghazawneh, A., & Henfridsson, O. (2013). Balancing platform control and external
contribution in third-party development: The boundary resources model. In Information
Systems Journal 23 (2), 173—192. DOI: 10.1111/5.1365-2575.2012.00406.x.

Gibson, C. F., & Nolan, R. L. (1974). Managing the Four Stages of EDP Growth. Harvard
Business Review. Retrieved from https://hbr.org/1974/01/managing-the-four-stages-of-
edp-growth

Gibson, E., & Jetter, A. (2014). Towards a dynamic process for business model innovation:
A review of the state-of-the-art. In Dundar F. Kocaoglu: Portland International
Conference on Management of Engineering & Technology (PICMET), 2014. 27-31
July 2014, Kanazawa, Japan; proceedings. Piscataway, NJ: IEEE, 1230-1238.
Available online at http://ieeexplore.ieee.org/document/6921366/.

Gimpel, H., & Roglinger, M. (2015). DIGITAL TRANSFORMATION: CHANGES AND
CHANCES: INSIGHTS BASED ON AN EMPIRICAL STUDY. Retrieved from
PROJECT GROUP BUSINESS AND INFORMATION SYSTEMS ENGINEERING
(BISE), FIT website: http://www.fim-rc.de/wp-content/uploads/Fraunhofer-

Studie Digitale-Transformation.pdf



Bibliography XXV

Given, L. M. (Ed.). (2008). A Sage reference publication. The Sage encyclopedia of
qualitative research methods. London u.a.: SAGE.

Goicoechea, 1., & Fenollera, M. (2012). QUALITY MANAGEMENT IN THE
AUTOMOTIVE INDUSTRY. In B. Katalini¢ (Ed.), DAAAM International scientific
book. DAAAM International scientific book 2012 (619-632). Vienna: DAAAM
International Publishing. Retrieved from
http://www.daaam.info/Downloads/Pdfs/science _books pdfs/2012/Sc_Book 2012-
051.pdf

Gomaa, H. (2005). Designing Software Product Lines with UML. Retrieved from
Department of Information and Software, George Mason University website:
http://cmapspublic3.ihme.us/rid=1 GKV6 XPPX-1W23605-
GYF/softwareproductlines.pdf

Gomes, L. A. d. V., Facin, A. L. F., Salerno, M. S., & Ikenami, R. K. (2016). Unpacking
the innovation ecosystem construct: Evolution, gaps and trends. Technological

Forecasting and Social Change. Advance online publication.
https://doi.org/10.1016/j.techfore.2016.11.009

Gove, R., & Uzdzinski, J. (2013). A Performance-Based System Maturity Assessment
Framework. Procedia Computer Science, 16, 688—697.
https://doi.org/10.1016/j.procs.2013.01.072Gregor, S. (2006). The Nature of Theory in
Information Systems. In MIS Quart Manage Inf Syst 30 (3), p. 611. DOI:
10.2307/25148742.

Gregor, S. (2006). The Nature of Theory in Information Systems. In MIS Quart Manage
Inf Syst 30 (3), p. 611. DOI: 10.2307/25148742.

Grieger, M., & Ludwig, A. (2017). On the Move Towards Customer-Centric Business
Models in the Automotive Industry — A conceptual reference framework of shared
automotive service systems. In Electronic Markets.

Grieger, M., Glockner, M., Ludwig, A., & Shen, J. (2018). Designing a Layered
Conceptual Model of a Digital Ecosystem for the Automotive Industry. In Information
Systems Journal.

Grieger, M., Ludwig, A., & Shen, J. (2018). Adding Agility to Software Readiness
Assessment Procedures - A case on digital transformation from the automotive industry.
In Proceedings of the 26" European Conference on Information Systems (ECIS2018),
Portsmouth, UK. 1-17.

Guériau, M., Billot, R., El Faouzi, N.-E., Monteil, J., Armetta, F., & Hassas, S. (2016). How
to assess the benefits of connected vehicles? A simulation framework for the design of

cooperative traffic management strategies. In Transp. Res. Part C Emerg. Technol. 67,
266-279. DOI: 10.1016/j.trc.2016.01.020.

Giinzel-Jensen, F., & Holm, A. B. (2015). Freemium business models as the founda on for
growing an e-business venture: a mul ple case study of industry leaders. In J. Freiling
(Ed.), Editorial: Business Model Innovation - A Concept Between Organizational
Renewal And Industry Transformation (1st ed., 77-101). Retrieved from
http://jemi.edu.pl/uploadedFiles/file/all-
issues/voll1/issuel/JEMI Volll Issuel 2015 ArticleS.pdf

Gregor, S., & Hevner, A. R. (2013). Positioning and Presenting Design Science Research
for Maximum Impact. In MIS Quart Manage Inf Syst 37 (2), 337-355. DOI:
10.25300/M1SQ/2013/37.2.01.



Bibliography XXVI

Hannah, D., & Eisenhardt, K. M. (2016). How firms navigate cooperation and competition
in nascent ecosystems. Working paper.

Hanelt, A., Piccinini, E., Gregory, R. W., Hildebrandt, B., & Kolbe, L. M. (2015). Digital
Transformation of Primarily Physical Industries — Exploring the Impact of Digital
Trends on Business Models of Automobile Manufacturers. In Wirtschaftsinformatik
Proceedings 2015 (1313-1327). Retrieved from
https://pdfs.semanticscholar.org/bf9a/ee1314a069935922213e3ddb2890f4a34edb.pdf

Hanseth, O., & Lyytinen, K. (2010). Design Theory for Dynamic Complexity in
Information Infrastructures: The Case of Building Internet, Journal of Information
Technology 25(1). 1-19.

Hefley, B., Murphy, W., Demirkan, H., Spohrer, J. C., & Krishna, V. (Eds.) (2011). The
Science of Service Systems. Boston, MA: Springer US (Service Science: Research and
Innovations in the Service Economy).

Heikkinen, A.-M. (2014). BUSINESS MODEL TRANSFORMATION PROCESS IN THE
CONTEXT OF BUSINESS ECOSYSTEM (Master). Oulu Business School,
UNIVERSITY OF OULU. Retrieved from http://jultika.oulu.fi/files/nbnfioulu-
201403131175.pdf#page=34&zoom=auto,-70,787

Heinrichs, M., Hoffmann, R., & Reuter, F. (2012). Mobiles Internet. In H. Proff, J.
Schonharting, D. Schramm, & J. Ziegler (Eds.), Zukiinftige Entwicklungen in der
Mobilitit (611-628). Wiesbaden: Gabler Verlag. https://doi.org/10.1007/978-3-8349-
7117-3 48

Henfridsson, O., Mathiassen, L., & Svahn, F. (2014). Managing technological change in
the digital age. The role of architectural frames. In Journal of Information Technology
(Palgrave Macmillan) 29 (1), 27-43. DOI: 10.1057/51t.2013.30.

Henriette, E., Feki, M., & Boughzala, 1. (2016). Digital Transformation Challenges. In :
MCIS 2016, vol. 33. Available online at https://aisel.aisnet.org/mcis2016/33/.

Henriques, V., & Tanner, M. (2017). A Systematic Literature Review of Agile Maturity
Model Research. Interdisciplinary Journal of Information, Knowledge, and
Management, 12, 53—73. https://doi.org/10.28945/3666

HERE Global B.V. (2015). HERE to accelerate its deployment of real-time maps.
HERE Global B.V. https://www.here.com/en/company/newsroom/press-releases/2015-

07-12. Available online at https://www.here.com/en/company/newsroom/press-
releases/2015-07-12, checked on 10/5/2018.

Hess, T., Matt, C., Benlian, A., & Wiesbock, F. (2016). Options for Formulating a Digital
Transformation Strategy. MIS Quarterly Executive, 15.

Hess, T. (2012). Geschiftsmodelle als Thema der Wirtschaftsinformatik.
ARBEITSBERICHT 1/2012. 1st ed. 1 volume. Miinchen.

Hevner, A., March, S., Park, J., & Ram, S. (2004). Design Science in Information Systems
Research. MIS Quarterly, 28, 75-105.

Hildebrandt, B., Hanelt, A., Firk, S., & Kolbe, L. M. (2015). Entering the Digital Era — The
Impact of Digital Technology—related M&As on Business Model Innovations of
Automobile OEMs. Completed Research Paper. In. Thirty Sixth International
Conference on Information Systems. Fort Worth, 2015, 1-21. Available online at
http://aisel.aisnet.org/icis2015/proceedings/ISstrategy/13/.



Bibliography XXVII

Hoffmann, H., & Leimeister, J. M. (2011). Towards automotive service engineering: a
design framework and a process model for developing mobile services in automobiles.
In International Journal of Electronic Business 9 (5/6), 320-349.

Hoppenbrouwers, S. J. B. A., Proper, H. A., & van der Weide, T. P. (2005). A
Fundamental View on the Process of Conceptual Modeling. Ed: D. Hutchison, T.
Kanade, J. Kittler, J. M. Kleinberg, F. Mattern, J. C. Mitchell,. . . O. Pastor, Lecture
Notes in Computer Science. Conceptual Modeling — ER 2005. Berlin, Heidelberg:
Springer Berlin Heidelberg, 128—-143.

Humble, J., & Farley, D. (2011). Continuous delivery: [reliable software releases through

build, test, and deployment automation]. A Martin Fowler signature book. Upper
Saddle River, NJ: Addison-Wesley.

Hummel, M. (2014). State-of-the-Art: A Systematic Literature Review on Agile
Information Systems Development. In 2014 47th Hawaii International Conference on
System Sciences (4712—4721). IEEE. https://doi.org/10.1109/HICSS.2014.579

Hutchison, D., Kanade, T., Kittler, J., Kleinberg, J. M., Mattern, F., Mitchell, J. C., ... &
Warmer, J. (Eds.). (2006). Lecture Notes in Computer Science. Model Driven
Architecture — Foundations and Applications. Berlin, Heidelberg: Springer Berlin
Heidelberg.

Hylving, L., Schultze, U. (2013). Evolving the Modular Layered Architecture in Digital
Innovation: The Case of the Car’s Instrument Cluster. In. ICIS 2013. ICIS. Available
online at https://aisel.aisnet.org/icis2013/proceedings/OrganizationlS/13/.

lansiti, M., & Levien, R. (2004). Strategy as ecology. In Harvard Business Review 82 (3),
68-81.

Ibusuki, U., & Kaminski, P. C. (2007). Product development process with focus on value
engineering and target-costing. A case study in an automotive company. In
International Journal of Production Economics 105 (2), 459—-474. DOLI:
10.1016/j.1jpe.2005.08.009.

livari, J., & Tivari, N. (2011). The relationship between organizational culture and the
deployment of agile methods. Information and Software Technology, 53, 509-520.

Jacobides, M. G., Knudsen, T., & Augier, M. (2006). Benefiting from innovation: Value
creation, value appropriation and the role of industry architectures. Research Policy,
35: 1200-1221.

Juehling, E., Torney, M., Herrmann, C., & Droeder, K. (2010). Integration of automotive
service and technology strategies. In Industrial Product-Service Systems 3 (2), 98—106.
DOI: 10.1016/j.cirpj.2010.02.002.

Kahre, C., Hoffmann, D., & Ahlemann, F. (2017). Beyond Business-IT Alignment -
Digital Business Strategies as a Paradigmatic Shift: A Review and Research Agenda.
In : Proceedings of the Annual Hawaii International Conference on System Sciences,
Proceedings of the 50th Hawaii International Conference on System Sciences (2017).

Hawaii International Conference on System Sciences.
https://doi.org/10.24251/HICSS.2017.574

Kaiser, C., Stocker, A., & Viscusi, G. (2017). Digital vehicle ecosystems and new business
models: an overview of digitalization perspectives. In : Platform economy & business
models workshop at i-know ’17. Platform economy & business models workshop at i-
know ’17. Graz, Austria.

Kane, G, Palmer, D., Nguyen P., & Anh, K. D. (2015). Is Your Business Ready for a
Digital Future? In MIT Sloan Management Review 56.



Bibliography XXVII

Kececioglu, D. (2003). Maintainability, availability, and operational readiness
engineering handbook. Lancaster, Pa.: DEStech.

Kessler, T., & Buck, C. (2017). How Digitization Affects Mobility and the Business
Models of Automotive OEMs. In Anshuman Khare, Brian Stewart, Rod Schatz (Eds.).
Phantom Ex Machina. Digital Disruption’s Role in Business Model Transformation,
107-118. Available online at https://link.springer.com/content/pdf/10.1007%2F978-3-
319-44468-0 7.pdf.

Khan, S., & VanWynsberghe, R. (2008). Cultivating the Under-Mined: Cross-Case
Analysis as Knowledge Mobilization. In Qualitative Social Research (1st ed., 1-26).

Khan, S. (2016). Leadership in the digital age — A study on the effects of digitalisation on
top management leadership. Master. Stockholm University. Stockholm Business

School. Available online at https://su.diva-
portal.org/smash/get/diva2:971518/FULLTEXTO02.pdf, checked on 11/28/2016.

Klepper, S. (1997). Industry Life Cycles. Industrial and Corporate Change, 6, 145—182.
https://doi.org/10.1093/icc/6.1.145

Kohli, R., & Melville, N. P. (2018). Digital innovation: A review and synthesis.
Information Systems Journal, 16, 586. https://doi.org/10.1111/isj.12193

Kotaiah, B., & Khalil, A. M. (2017). Approaches for development of Software Projects:
Agile methodology. International Journal of Advanced Research in Computer Science,
8, 237-241. Retrieved from https://search.proquest.com/docview/1901446397?pg-
origsite=gscholar

Kowalkowski, C., Gebauer, H., Kamp, B., & Parry, G. (2017). Servitization and
deservitization: Overview, concepts, and definitions. In B2B Service Networks and

Managing creativity in business market relationships 60, 4-10. DOI:
10.1016/j.indmarman.2016.12.007.

Krogh, G. von, Rossi-Lamastra, C., & Haefliger, S. (2012). Phenomenon-based Research
in Management and Organisation Science: When is it Rigorous and Does it Matter?
Business Models, 45, 277-298. https://doi.org/10.1016/j.1rp.2012.05.001

Kuo, T. C., Ma, H.-Y., Huang, S. H., Hu, A. H., & Huang, C. S. (2010). Barrier analysis
for product service system using interpretive structural model. In Int J Adv Manuf
Technol 49 (1-4), 407—417. DOI: 10.1007/s00170-009-2399-7.

Kuvaja, P., & Bicego, A. (1994). BOOTSTRAP ?: A European assessment methodology.
Software Quality Journal, 3, 117-127. https://doi.org/10.1007/BF00402292

Kuzgun, E., & Asugman, G. (2015). Value in Services — A Service Dominant Logic
Perspective. In Procedia - Social and Behavioral Sciences 207, 242-251. DOI:
10.1016/j.sbspro.2015.10.093.

Legner, C., Eymann, T., Hess, T., Matt, C., Bchmann, T., & Drews, P. et al. (2017).
Digitalization: Opportunity and Challenge for the Business and Information Systems
Engineering Community. In Bus Inf Syst Eng 59 (4), 301-308. DOI: 10.1007/s12599-
017-0484-2.

Lenfle, S., & Midler, C. (2009). The launch of innovative product-related services: Lessons
from automotive telematics. In Research Policy 38 (1), 156—169. DOI:
10.1016/j.respol.2008.10.020.

Lindgren, R., Eriksson, O., & Lyytinen, K. (2015). Standards-Based Delivery of Multi-
Contextual Services: On the Identity Tension. In Carsten Serensen, Mark de Reuver,
Rahul C. Basole (Eds.). Mobile platforms and ecosystems, vol. 30 (30), 229-244.



Bibliography XXIX

Ludwig, A., Shen, J., & Grieger, M. (2018). Continuous Software Readiness Assessments
for Agile Product Development — A case of how an OEM transformed its IT
development operations. In Communications of the ACM.

Lusch, R. F., & Vargo, S. L. (2014). Service-dominant logic: Premises, perspectives,
possibilities. Cambridge: Cambridge University Press.

Lusch, R. F., Vargo, S. L., & O’Brien, M. (2007). Competing through service: Insights
from service-dominant logic. Empirical Generalizations in Retailing, 83, 5—18.
https://doi.org/10.1016/j.jretai.2006.10.002

Mahut, F., Daaboul, J., Bricogne, M., & Eynard, B. (2015). Survey on Product-Service
System applications in the automotive industry. /5th IFAC Symposium Onlnformation
Control Problems InManufacturingINCOM 2015, 48, 840—847.
https://doi.org/10.1016/j.ifacol.2015.06.188

Maglio, P. P., & Spohrer, J. (2013). A service science perspective on business model
innovation. From Relationship to Partnership, 42(5), 665-670.

MAN Truck & Bus AG. (2017). ONE PLATFORM FOR THE COMPLETE WORLD OF
LOGISTICS: RIO WILL BE AVAILABLE FOR ALL WITH ITS FIRST SERVICES
FROM DECEMBER ONWARDS.

Mankins, J. C. (2009). Technology readiness assessments: A retrospective. Acta
Astronautica, 65, 1216—1223. https://doi.org/10.1016/j.actaastro.2009.03.058

Massa, L., Tucci, C. L., & Afuah, A. (2017). A Critical Assessment of Business Model
Research. In ANNALS 11 (1), 73—-104. DOI: 10.5465/annals.2014.0072.

Matt, C., Hess, T., & Benlian, A. (2015). Digital Transformation Strategies. In Bus Inf Syst
Eng 57 (5), 339-343. DOI: 10.1007/s12599-015-0401-5.

Matthies, B. D., D'Amato, D., Berghill, S., Ekholm, T., Hoen, H. F., Holopainen, J., ... &
Yousefpour, R. (2016). An ecosystem service-dominant logic? - integrating the

ecosystem service approach and the service-dominant logic. Journal of Cleaner
Production, 124, 51-64. DOI: 10.1016/j.jclepro.2016.02.109

Mathieu, V. (2001). Product services. From a service supporting the product to a service
supporting the client. In Jnl of Bus & Indus Marketing 16 (1), 39-61. DOI:
10.1108/08858620110364873.

Mayring, P. (2014). Qualitative Content Analysis: Theoretical Foundation, Basic
Procedures and Software Solution (Primary Publication). Klagenfurt. Retrieved from
http://www.ssoar.info/ssoar/bitstream/handle/document/39517/ssoar-2014-mayring-
Qualitative content analysis_theoretical foundation.pdf?sequence=1

McHugh, O., Conboy, K., & Lang, M. (2012). Agile practices: The impact on trust in
software project teams. Software, IEEE, 29(3), 71-76.

Mele, C., & Polese, F. (2011). Key Dimensions of Service Systems in Value-Creating
Networks. In B. Hefley, W. Murphy, H. Demirkan, J. C. Spohrer, & V. Krishna (Eds.),
Service Science: Research and Innovations in the Service Economy. The Science of
Service Systems (37-59). Boston, MA: Springer US. https://doi.org/10.1007/978-1-
4419-8270-4 3

Mettler, T. (2011). Maturity assessment models: A design science research approach.
International Journal of Society Systems Science, 3, 81.
https://doi.org/10.1504/1JSSS.2011.038934



Bibliography XXX

Mills, J., Platts, K., & Gregory, M. (1995). A framework for the design of manufacturing

strategy processes. International Journal of Operations & Production Management,
15, 17-49. https://doi.org/10.1108/01443579510083596

Misbhauddin, M., & Alshayeb, M. (2015). Extending the UML use case metamodel with
behavioral information to facilitate model analysis and interchange. Software &
Systems Modeling, 14, 813—838. https://doi.org/10.1007/s10270-013-0333-9

Mont, O. K. (2002). Clarifying the concept of product—service system. In Journal of
Cleaner Production 10 (3), 237-245. DOI: 10.1016/S0959-6526(01)00039-7.

Moore, J. F. (1996). The Death of Competition: Leadership & Strategy in the Age of
Business Ecosystems. New York: HarperBusiness. ISBN 0-88730-850-3.

Morris, M., Schindehutte, M., Richardson, J., & Allen, J. (2006). Is the Business Model a
Useful Strategic Concept: Conceptual, Theoretical, and Empirical Insights. In Journal
of Small Business Strategy Vol 17 (1), 27-50. Available online at
http://libjournals.mtsu.edu/index.php/jsbs/article/view/62, checked on 9/28/2016.

Myers, M. D., & Newman, M. (2007). The qualitative interview in IS research: Examining
the craft. Information and Organization, 17, 2-26.
https://doi.org/10.1016/j.infoandorg.2006.11.001

Normann, R. (2001). Reframing business. When the map changes the landscape.
Chichester: Wiley. Available online at
http://www.loc.gov/catdir/bios/wiley045/2001270013.html.

NASA. (2015). Technology Readiness Level (TRL) Descriptions. Retrieved from National
Aeronautics and Space Administration (NASA) website:
https://sbir.gsfc.nasa.gov/submissions/pdf/TRL Descriptions.pdf

Nelson, R. R., & Winter, S. G. (1982). An evolutionary theory of economic change.
Cambridge, MA: Harvard University Press.

Nierstrasz, O., & Lungu, M. (2012). Agile Software Assessment. In D. Beyer (Ed.), 2012
IEEE 20th International Conference on Program Comprehension (ICPC 2012).
Passau, Germany, 11 - 13 June 2012 (3—10). Piscataway, NJ: IEEE. Retrieved from
http://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=6240507

Ng, L., Parry, G., Smith, L., Maull, R., & Briscoe, G. (2012). Transitioning from a goods-
dominant to a service-dominant logic. Journal of Service Management, 23(3), 416—439.

Olia, A., Abdelgawad, H., Abdulhai, B., & Razavi, S. N. (2016). Assessing the Potential
Impacts of Connected Vehicles: Mobility, Environmental, and Safety Perspectives.

Journal of Intelligent Transportation Systems: Technology, Planning, and Operations,
20, 229-243. https://doi.org/10.1080/15472450.2015.1062728

Oliva, R., & Kallenberg, R. (2003). Managing the transition from products to services. In
Int J of Service Industry Mgmt 14 (2), 160—172. DOI: 10.1108/09564230310474138.

Olivé, A. (2007). Conceptual Modeling of Information Systems. Berlin, Heidelberg:
Springer Berlin Heidelberg.

Olivieri, J. (2012). Hardware and software readiness: A systems approach. In 2012 IEEE
International Systems Conference SysCon 2012 (1-6). IEEE.
https://doi.org/10.1109/SysCon.2012.6189444

Olsson, H. H., Alahyari, H., & Bosch, J. (2012). Climbing the "Stairway to Heaven" -- A
Mulitiple-Case Study Exploring Barriers in the Transition from Agile Development
towards Continuous Deployment of Software. In 2012 38th Euromicro Conference on



Bibliography XXXI

Software Engineering and Advanced Applications (392-399). IEEE.
https://doi.org/10.1109/SEAA.2012.54

Orsato, R. J., & Wells, P. (2007). U-turn. The rise and demise of the automobile industry.
In Journal of Cleaner Production 15 (11-12), 994-1006. DOI:
10.1016/j.jclepro.2006.05.019.

Osterle, H., Becker, J., Frank, U., Hess, T., Karagiannis, D., Kremar, H., . . . & Sinz, E. J.
(2011). Memorandum on design-oriented information systems research. European
Journal of Information Systems, 20(1), 7—10. https://doi.org/10.1057/ejis.2010.55

Osterwalder, A. (2004). THE BUSINESS MODEL ONTOLOGY A PROPOSITION IN A
DESIGN SCIENCE APPROACH. dissertation. Licencié en Sciences Politiques de
I'Université de Lausanne, Lausanne. Available online at
http://www.hec.unil.ch/aosterwa/PhD/Osterwalder PhD BM Ontology.pdf, checked
on 9/10/2016.

Osterwalder, A., & Pigneur, Y. (2011). Business Model Generation: Ein Handbuch fiir
Visiondre, Spielverdnderer und Herausforderer (1. Aufl.). Business 201 1. Frankfurt am
Main: Campus Verl. Retrieved from
http://search.ebscohost.com/login.aspx?direct=true&scope=site&db=nlebk&db=nlabk
& AN=832895

Paiola, M., Saccani, N., Perona, M., & Gebauer, H. (2013). Moving from products to
solutions: Strategic approaches for developing capabilities. Research Perspectives in
the Management of Complex Service Systems, 31, 390—4009.
https://doi.org/10.1016/j.em;.2012.10.002

Palinkas, L. A., Horwitz, S. M., Green, C. A., Wisdom, J. P., Duan, N., & Hoagwood, K.
(2015). Purposeful Sampling for Qualitative Data Collection and Analysis in Mixed
Method Implementation Research. Administration and Policy in Mental Health, 42,
533-544. https://doi.org/10.1007/s10488-013-0528-y

Pagoropoulos, A, Maier, A., & McAloone, T. (2017). Assessing transformational change
from institutionalising digital capabilities on implementation and development of
Product-Service Systems: Learnings from the maritime industry. In Journal of Cleaner
Production 166, 369-380. DOI: 10.1016/j.jclepro.2017.08.019.

Papafotiou, G. A., Demetriades, G. D., & Agelidis, V. G. (2016). Technology Readiness
Assessment of Model Predictive Control in Medium- and High-Voltage Power
Electronics. /[EEE Transactions on Industrial Electronics, 63, 5807-5815.
https://doi.org/10.1109/TIE.2016.2521350

Parker, G., van Alstyne, M., & Choudary, S. P. (2017). Platform revolution. How
networked markets are transforming the economy - and how to make them work for
you. First published as a Norton paperback. New York, London: W.W. Norton &
Company.

Paulk, M. C., Curtis, B., Chrissis, M. B., & Weber, C. V. (1993). Capability maturity
model, version 1.1. IEEE Software, 10, 18-27. https://doi.org/10.1109/52.219617

Paulus-Rohmer, D., Schatton, H., & Bauernhansl, T. (2016). Ecosystems, Strategy and
Business Models in the age of Digitization - How the Manufacturing Industry is Going
to Change its Logic. Procedia CIRP, 57, 8—13.
https://doi.org/10.1016/j.procir.2016.11.003

Peltoniemi, M. & Vuori, E. (2008). Business ecosystem as the new approach to complex
adaptive business environments. In : Proceedings of eBusiness research forum, 267—

281.



Bibliography XXXII

Peppard, J., & Rylander, A. (2006). From Value Chain to Value Network. In European
Management Journal 24 (2-3), 128—-141. DOI: 10.1016/j.em;j.2006.03.003.

Pfeffer, J., & Sutton, R. I. (1999). Knowing "What" to Do Is Not Enough: Turning
Knowledge into Action. California Management Review, 42, 83—108.
https://doi.org/10.2307/41166020

Piccinini, E., Hanelt, A., Gregory, R., & Kolbe, L. (2015). Transforming Industrial
Business: The Impact of Digital Transformation on Automotive Organizations. In (1—
20). Retrieved from
https://pdfs.semanticscholar.org/ea87/b659¢573ccd0b6e267c2ca30ala0d3d98393.pdf

Pillmann, J., Wietfeld, C., Zarcula, A., Raugust, T., & Alonso, D. C. (2017). Novel
common vehicle information model (CVIM) for future automotive vehicle big data
marketplaces. In 2017 IEEE Intelligent Vehicles Symposium (IV) (1910-1915). IEEE.
https://doi.org/10.1109/1VS.2017.7995984

Pon, B., Seppild, T., & Kenney, M. (2014). Android and the demise of operating system-
based power. Firm strategy and platform control in the post-PC world. In Telecommun
Policy 38 (11), 979-991. DOI: 10.1016/j.telpol.2014.05.001.

Porter, M. E. (1985). Competitive advantage: Creating and sustaining superior
performance. New York: Free Press.

Proencga, D., & Borbinha, J. (2016). Maturity Models for Information Systems - A State of
the Art. Complex Adaptive Systems San Jose, CA November 2-4, 2015, 100, 1042—
1049. https://doi.org/10.1016/j.procs.2016.09.279

Quah, T.-S. (2009). Estimating software readiness using predictive models. /nformation
Sciences, 179, 430—445. https://doi.org/10.1016/1.ins.2008.10.005

Ramaswamy, V., & Ozcan, K. (2018). What is co-creation? An interactional creation
framework and its implications for value creation. Journal of Business Research, 84,
196-205. https://doi.org/10.1016/j.jbusres.2017.11.027

Ramaswamy, V., & Chopra, N. (2014). Building a culture of co-creation at Mahindra.
Strategy & Leadership, 42, 12—18. https://doi.org/10.1108/SL-01-2014-0005

Recker, J. (2013). Scientific Research in Information Systems. Berlin, Heidelberg:
Springer Berlin Heidelberg.

Reim, W, Lenka, S., Frishammar, J., & Parida, V. (2017). Implementing Sustainable
Product—Service Systems Utilizing Business Model Activities. In Procedia CIRP 64,
61-66. DOI: 10.1016/j.procir.2017.03.130.

Reuver, M. de, Serensen, C., & Basole, R. C. (2017). The digital platform: A research
agenda. Journal of Information Technology (Palgrave Macmillan), 89(2), 1-12.
https://doi.org/10.1057/s41265-016-0033-3

Riasanow, T., Galic, G., & Bohm, M. (2017). DIGITAL TRANSFORMATION IN THE
AUTOMOTIVE INDUSTRY: TOWARDS A GENERIC VALUE NETWORK. In M.
Avital, J. M. Leimeister, & U. Schultze (Eds.), ECIS 2017 proceedings: Proceedings of
the 25th European Conference on Information Systems (ECIS), Guimardes, Portugal,
June 5-10, 2017 (3191-3201). AIS Electronic Library.

ROBL D. (1990). Die Entwicklung eines Bezugsrahmens und seine Stellung im
Forschungsprozef3. Journal Fiir Betriebswirtschaft, 40(2), 99-110.

Sakao, T., & Shimomura, Y. (2007). Service Engineering: a novel engineering discipline
for producers to increase value combining service and product. In Journal of Cleaner
Production 15 (6), 590-604. DOI: 10.1016/j.jclepro.2006.05.015.



Bibliography XXX

Saldafia, J. (2016). The coding manual for qualitative researchers. 3E. Los Angeles: SAGE.

Schaefer, R. (2009). Software maturity. ACM SIGSOFT Software Engineering Notes, 34,
1. https://doi.org/10.1145/1457516.1457528

Schifer, T., Jud, C., & Mikusz, M. (2015). Plattform-Okosysteme im Bereich der
intelligent vernetzten Mobilitdt: Eine Geschaftsmodellanalyse. HMD Praxis Der
Wirtschaftsinformatik, 52, 386—400. https://doi.org/10.1365/s40702-015-0126-4

Schramm, W. (1971). NOTES ON CASE STUDIES OF INSTROCTIONAL MEDIA
PROJECTS. Academy for Educational Development, Washington, DC. Retrieved from
Institute for Communication Research Stanford University website:
http://pdf.usaid.gov/pdf docs/PNAADS24.pdf

Schumacher, M., Kuester, S., & Hanker, A.-L. (2018). INVESTIGATING
ANTECEDENTS AND STAGE-SPECIFIC EFFECTS OF CUSTOMER
INTEGRATION INTENSITY ON NEW PRODUCT SUCCESS. In Int. J. Innov. Mgt.
22 (04), p. 1850032. DOI: 10.1142/S1363919618500329.

Schweiger, A., Nagel, J., Bohm, M., & Krcmar, H. (2016). Platform Business Models. In
A. Faber, F. Matthes, & F. Michel (Eds.), Digital Mobility Platforms and Ecosystems.
Technical University of Munich.

Seeger, G., & Bick, M. (2013). "Mega and Consumer Trends—Towards Car-Independent
Mobile Applications," in Proceedings of the International Conference on Mobile
Business, Berlin.

Sein, M. K., Henfridsson, O., Purao, S., Rossi, M., & Lindgren, R. (2011). Action design
research. MIS Quarterly, 37-56.

Selleri Silva, F., Soares, F. S. F., Peres, A. L., Azevedo, I. M. d., Vasconcelos, A. P. L.F.,
Kamei, F. K., & Meira, S. R. d. L. (2015). Using CMMI together with agile software
development: A systematic review. Special Section on Best Papers from XP2010, 58,
20-43. https://doi.org/10.1016/j.infsof.2014.09.012

Shead, S. (2018). China is taking on Tesla's electric car supremacy (and winning).
113615355316959. United Kingdom. Available online at
https://www.wired.co.uk/article/electric-car-sales-china-vs-tesla, checked on
10/5/2018.

Siegmann, J. B. (2014). Prozessinnovationen bei Logistikdienstleistungsunternehmen —
Entwicklung eines Reifegradmodells fiir die Prozessinnovationsfahigkeit auf Basis
empirisch untersuchter Erfolgsfaktoren. Dissertation.

Serensen, C., Reuver, M. de, & Basole, R. C. (Eds.). (2015). Mobile platforms and
ecosystems (Vol. 30).

Sosna, M., Trevinyo-Rodriguez, R. N., & Velamuri, S. R. (2010). Business Model
Innovation through Trial-and-Error Learning. Long Range Planning, 43, 383—407.
https://doi.org/10.1016/j.1rp.2010.02.003

Spagnoletti, P., Resca, A., & Lee, G. (2015). A design theory for digital platforms
supporting online communities. A multiple case study. In Journal of Information
Technology (Palgrave Macmillan) 30 (4), 364-380. DOI: 10.1057/it.2014.37.

Spieth, P., Schneckenberg, D., & Ricart, J. E. (2014). Business model innovation - state of
the art and future challenges for the field. In R&D Manage 44 (3), 237-247. DOI:
10.1111/radm.12071.

Spohrer, J., Maglio, P. P., Bailey, J., & Gruhl, D. (2007). Steps toward a science of service
systems. In Computer 40 (1), 71-77. DOI: 10.1109/MC.2007.33.



Bibliography XXXIV

Statista Inc. (2017). Statista Digital Economy Compass 2017. Hamburg. Retrieved from
Statista Inc. website: https://www.statista.com/page/compass

Stoshikj, M., Kryvinska, N., & Strauss, C. (2016). Service Systems and Service
Innovation. Two Pillars of Service Science. In Procedia Computer Science 83, 212—
220. DOI: 10.1016/j.procs.2016.04.118.

Suarez, F. F., Cusumano, M. A., & Kahl, S. J. (2013). Services and the Business Models of
Product Firms. An Empirical Analysis of the Software Industry. In Management
Science 59 (2), 420-435. DOI: 10.1287/mnsc.1120.1634.

Svahn, F., Mathissen, L., Lindgren, R., & Kane, G. C. (2017). Mastering the Digital
Innovation Challenge. MIT Sloan Management Review, 58, 13—16. Retrieved from
http://ilp.mit.edu/media/news_articles/smr/2017/58315.pdf

Tan, B., Pan, S., Ly, X., & Huang, L. (2015). The Role of IS Capabilities in the
Development of Multi-Sided Platforms. The Digital Ecosystem Strategy of
Alibaba.com. In J. Assoc. Inf. Syst. 16 (4), 248—280. DOI: 10.17705/1jais.00393.

Terrenghi, N., Schwarz, J., & Legner, C. (2017). Representing business models in
primarily physical industries: an ecosystem perspective. In : DESRIST 2017, 146—153.
Available online at https://cora.ucc.ie/handle/10468/4452.

Thomas, L. D. W., Autio, E., & Gann, D. M. (2014). Architectural Leverage: Putting
Platforms in Context. Academy of Management Perspectives, 28(2), 198-219.
https://doi.org/10.5465/amp.2011.0105

Tian, J., Chin, A., & Karg, M. (2016). Digital Services in the Automotive Industry. IT
Professional, 18, 4-6. https://doi.org/10.1109/MITP.2016.93

Tilson, D., Lyytinen, K., & Serensen, C. (2010). Research Commentary —Digital
Infrastructures: The Missing IS Research Agenda. Information Systems Research, 21,
748-759. https://doi.org/10.1287/isre.1100.0318

Timmers, P. (1998). Business Models for Electronic Markets. In Elec. Markets 8 (2), 3-8.
DOI: 10.1080/10196789800000016.

Tiwana, A., Konsynski, B., Bush, A., & Ashley A. (2010). Research Commentary —
Platform Evolution. Coevolution of Platform Architecture, Governance, and

Environmental Dynamics. In Information Systems Research 21 (4), 675-687. DOI:
10.1287/isre.1100.0323.

Tukker, A., & Tischner, U. (Eds.) (2006). New business for old Europe. Product-service
development, competitiveness and sustainability. ebrary, Inc. Sheffield, South

Yorkshire, England: Greenleaf Pub. Available online at
http://gbv.eblib.com/patron/FullRecord.aspx?p=1741682.

Uludag, O., Hefele, S., & Matthes, F. (2016). Platform and Ecosystem Governance. In
Project Consortium TUM Living Lab Connected Mobility: Digital Mobility Platforms
and Ecosystems. Edited by Anne Faber, Florian Matthes, Felix Michel: Technical
University of Munich.

Uchihira, N., Kyoya, Y., Kim, S. K., Maeda, K., Ozawa, M., & Ishii, K. (2008). Analysis
and Design Methodology for Product-Based Services. In Ken Satoh, Akihiro Inokuchi,
Katashi Nagao, Takahiro Kawamura (Eds.). New Frontiers in Artificial Intelligence,
vol. 4914. Berlin, Heidelberg: Springer Berlin Heidelberg (Lecture Notes in Computer
Science), 13-25.



Bibliography XXXV

Vandermerwe, S., & Rada, J. (1988). Servitization of business. Adding value by adding
services. In European Management Journal 6 (4), 314-324. DOI: 10.1016/0263-
2373(88)90033-3.

Vargo, Stephen L., Lusch, & Robert F. (2008). Service-dominant logic. Continuing the
evolution. In J. of the Acad. Mark. Sci. 36 (1), 1-10. DOI: 10.1007/s11747-007-0069-
6.

Veit, D., Clemons, E., Benlian, A., Buxmann, P., Hess, T., Kundisch, D., & Spann, M.
(2014). Geschiftsmodelle. WIRTSCHAFTSINFORMATIK, 56(1), 55-64.

Venable, J., Pries-Heje, J., & Baskerville, R. (2016). FEDS: A Framework for Evaluation
in Design Science Research. European Journal of Information Systems, 25, 77—-89.
https://doi.org/10.1057/ejis.2014.36

Vendrell-Herrero, F., Bustinza, O. F., Parry, G., & Georgantzis, N. (2016). Servitization,
digitization and supply chain interdependency. Industrial Marketing Management.
Advance online publication. https://doi.org/10.1016/j.indmarman.2016.06.013

Verstrepen, S., Deschoolmeester, D., & Berg, R. J. (1999). Servitization in the automotive
sector: creating value and competitive advantage through service after sales. In Kai
Mertins, Oliver Krause, Burkhard Schallock (Eds.). Global Production Management.
Boston, MA: Springer US, 538-545.

Vezzoli, C., Kohtala, C., & Srinivasan, A. (2017). Product-service system design for
sustainability. New York: Routledge.

Vom Brocke, J., Simons, A., Nichaves, B., Riemer, K., Plattfaut, R., & Cleven, A. (2009).
RECONSTRUCTING THE GIANT: ON THE IMPORTANCE OF RIGOUR IN
DOCUMENTINGTHE LITERATURE SEARCH PROCESS. In 17th European
Conference on Information Systems, Verona, Italy. Available online at
http://aisel.aisnet.org/ecis2009/161/, checked on 1/10/2016.

Wallin, J. (2013). Developing capability for product-service system innovation: An
empirical study in the aerospace industry. Univ., Diss.--Goteborg, 2013.
Doktorsavhandlingar vid Chalmers Tekniska Hogskola: N.S., 3625. Goteborg:
Chalmers Univ. of Technology.

Wareham, J., Fox, P.B., & Cano Giner, J.L. (2014). Technology Ecosystem Governance,
Organization Science, 25(4). 1195-1215.

Weill, P., & Woerner, S. L. (2015). Thriving in an Increasingly Digital Ecosystem. MIT
Sloan Management Review, 56, 26-34. Retrieved from http:/mitsmr.com/1BkdvAq

Werder, H. (2005). Verkehrstelematik als Element der Verlehrspolitik. In its-ch (Ed.).
Olten.

Westerman, G., Bonnet, D., & McAfee, A. (2014). Leading digital. Turning technology
into business transformation. Boston Mass.: Harvard Business Review Press.

Winkelhake, U. (2017). Die digitale Transformation der Automobilindustrie. Berlin,
Heidelberg: Springer Berlin Heidelberg.

World Economic Forum. (2016). Digital Transformation of Industries: Automotive
Industry. Retrieved from http://reports.weforum.org/digital-transformation-of-
industries/wp-content/blogs.dir/94/mp/files/pages/files/wef-dti-automotivewhitepaper-
final-january-2016-200116a.pdf

Yang, C. Y. D., Ozbay, K., & Ban, X. (2017). Developments in connected and automated
vehicles. Journal of Intelligent Transportation Systems, 21, 251-254.
https://doi.org/10.1080/15472450.2017.1337974



Bibliography XXXVI

Yin, R. K. (2014). Case study research: Design and methods (5. edition). Los Angeles,
London, New Delhi, Singapore, Washington, DC: SAGE.

Yoo, Y., Henfridsson, O., & Lyytinen, K. (2010). Research Commentary --The New
Organizing Logic of Digital Innovation: An Agenda for Information Systems Research.
In Information Systems Research 21 (4), 724—735. DOI: 10.1287/isre.1100.0322.

Zott, C., & Amit, R. (2017). Business Model Innovation: How to Create Value in a Digital
World. In GfK Marketing Intelligence Review 9 (1), 18-23. DOI: 10.1515/gfkmir-
2017-0003



Wissenschaftlicher Werdegang

XXXVII

Wissenschaftlicher Werdegang

Personliche Daten

Dipl.-Wirtsch.-Ing. Marcus Grieger
geboren am 20. Mirz 1985 in Merseburg

Wissenschaftliche Titigkeiten

09/2016 - 10/2018

04/2015 - 04/2016

03/2013 - 03/2015

Studium
10/2005 - 04/2012

Zivildienst

09/2004 - 05/2005

Schulbildung
08/1995 - 07/2004

Stipendien
05/2009 - 10/2018

11/2006 - 04/2012

Reviewtitigkeiten

Promotionsstudent, Lehrstuhl fiir Computer Science in Logistics,
Kiihne Logistics University, Hamburg

Wissenschaftlicher Mitarbeiter, Institut fiir Angewandte Informatik,
Universitit Leipzig, Leipzig

Wissenschaftlicher Mitarbeiter, Institut fiir Wirtschaftsinformatik,
Universitit Leipzig, Leipzig

Studium Wirtschaftsingenieurwesen, Technische Universitét
Dresden, Schwerpunkte: Fahrzeug- und Energietechnik
Abschluss: Studium (Note: 1,5)

Stationédre Pflege im Carl-von-Basedow-Klinikum Merseburg

Domgymnasium Merseburg,
Leistungskurse: Mathematik und Englisch
Abschluss: Abitur (Note 1,5)

e-fellows.net, Online-Stipendiat, Mitglied im Karrierenetzwerk

Jugend Aktiv e. V., Eliteférderungsprogramm

Electronic Markets (eingeladen)



Selbstindigkeitserkldrung XXXVII

Selbstandigkeitserklarung

Hiermit versichere ich, dass

1. Die vorgelegte Dissertation ohne unzuldssige Hilfe, insbesondere ohne die
Inanspruchnahme eines Promotionsberaters, und ohne Benutzung anderer als der
angegebenen Hilfsmittel angefertigt wurde und dass die aus fremden Quellen
direkt oder indirekt tibernommenen Gedanken in der Arbeit als solche kenntlich
gemacht worden sind und

2. die vorgelegte Dissertation weder im Inland noch im Ausland in gleicher oder in
dhnlicher Form einer anderen Priifungsbehdrde zum Zwecke einer Promotion
oder eines anderen Priifungsverfahrens vorgelegt und insgesamt noch nicht

verOffentlicht wurde.

Leipzig, den 10. Oktober 2018

Marcus Grieger



