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Abstract

The ongoing diffusion of digital technologies heralds a major change in the mobility domain
as it helps to unearth significant opportunities for the reorganization of socio-technical
arrangements that have existed for decades. In this light, both scholars and practitioners
have begun to investigate the novel opportunities and challenges confronting the mobility
sector.

This cumulative thesis, composed of five individual studies, aspires to provide a
comprehensive understanding of the transformational impacts of pervasive digital
technologies on business models in the mobility sector. The business model construct was
chosen as a valuable unit of analysis as it connects a firm’s offering to the other elements in
the surrounding socio-technical systems such as prevailing technologies, actors, and
behaviors. Employing a multi-level perspective, this thesis focuses on three main objectives:
(1) shedding light on the nature of digitalization and its impacts on business models in
general terms, (2) exploring changes in incumbent mobility firms’ business models in
response to the increased diffusion of digital technologies, and (3) examining the potentials
of digital technologies to improve value creation and capture in disruptive mobility business
models.

The findings underline that digitalization is not only concerned with technical aspects but is
rather a socio-technical process of applying digital technologies to broader institutional and
social contexts. Due to the diversity of technologies and actors involved, digitalization has
evolved into an overarching phenomenon that is beyond the control of single actors and
affects changes in firms’ business models through diverse mechanisms. In addition, this
thesis describes how incumbent mobility firms adapt their business models in light of
consumers’ changing preferences and how they source the knowledge necessary to develop
innovations that build upon hybrid combinations of physical and digital components. Finally,
the thesis elaborates on the capacity of digital technologies to facilitate the rise of disruptive
mobility business models by improving their attractiveness for both consumers and providers.
The crucial success factor is compatibility with the surrounding digital eco-systems, thus
rendering it imperative to co-create and co-capture value with diverse actors, including
partners, competitors, and customers. From the findings, this thesis derives valuable
implications for both research and practice.

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



Table of Contents

Table of Contents

(IS A )l o 1U =T PR iv
I3 0 ) I 0] =SSP v
F o] 0 011 £ 1 TR PTPPTTT vii
A. [0 10T o Lo =1 4 T Y o P 1
l. 1o X0 [0 T3 4 o o 2
1.1 1Y/ [0 1LY Z= 11 0] o 2
1.2 RESEAICh QUESHIONS ......viiiiiiiii et e e e e eaes 4
1.3 Structure oOf the THESIS ... e e eeeees 8
1.4 Research Context and DeSIGN .........ooeeuuiiiiiiiie e e e 10
1.5 Differentiation from Prior Research at the Chair of Information Management ....... 12
1.6 Anticipated CONHIDULIONS. ... ..uuutiiiiiiiiiiiiiiiiiiib bbb eneeeeneenne 13
Il Theoretical BaCKgroUNd..........ooviiiiiiiiiiiiiiiiiiiiiiiiieeeeee e 16
1.1 Understanding Digitalization as a Socio-technical Phenomenon ...............ccc....... 16
1.2 Implications of Digital Technologies for Firms and the Role of Business Model
1T 80 1Y Z= 11 [ o 19
1.3 Mobility Changes in the Digital Era............ccccoooiiiiiiiiiiiici e, 21
B. Studies on Mobility Changes in the Digital Era.........cccccoevvviiiiiieeiiiieiiceee e, 27
l. The Role of Digital Eco-Systems in the Socio-technical Transition Towards
FUTUTE MODITITY .o e e e e e e et e e e e e e e eanaas 28
1 Study 1. Towards Sustainable Mobility — Digital Eco-Systems as Drivers of
DIiSTuPtiVe CRaNge. ..o 29
1.1 T ] (oo 11 o 1o o [P 30
1.2 [4=] =TS0 MYV ] 31
1.3 Towards a Theory of Socio-Technical Transitions Through Emerging Digital Eco-
SYSEBIMS .ttt ettt e et e e e e e ennne 36
14 lllustrative Case: Mobile Applications for Sustainable Mobility ..............ccccccvvvveeee.. 41
15 Discussion and IMPHCALIONS ........coiieciiiiiiii e 45
I. The Distinct Roles of Information Systems in Business Model Innovation ...48
1 Study 2: Uncovering the Role of IS in Business Model Innovation —
A Taxonomy Driven Approach to Structure the Field ......c.cccoocovieiiiviiin e, 49
1.1 T} (oo 11 o 1o ] o [ 50
[

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.

Es gilt nur fir den persénlichen Gebrauch.



Table of Contents

1.2 Theoretical BaCKGIrOUNG............uuiiiiiieiiiieiis e e e e e e e eeaaaaes 51
1.3 Methodological APPrOACK ........cooiieieeee e 56
1.4 1 1T T P 60
15 Discussion and IMPlCAtIONS ..........ccoiiiiiiiiiii e e 64
1.6 [0 71 = U o o 65
1.7 CONCIUSION <. 66
1.8 APPEINTIX ¢ 67
II. The Impact of Digital Technology Diffusion on Business Model Innovation of
Incumbent Mobility FIrmS ..o 68
1 Study 3: Entering Digital Era — The Impact of Digital Technology-related
M&As on Business Model Innovations of Automobile OEMS .............ccccennens 69
1.1 INEFOTUCTION ... nnes 70
1.2 Theoretical FOUNAtION.........oooiiiiiiii e 71
13 Hypothesis DeVelOPMENT.........uui e 75
14 Methodological APPrOaCKH ........coii e 78
1.5 =TS U 83
1.6 Discussion of FINAINGS..........couiiiiiii e 87
1.7 Limitation and FULUre RESEAICIN....... ... eeeeeeeeeeeeeneeenes 91
1.8 LO0] o T3 1113 (o o RSP 92
1.9 APPEINTIX - 93
V. The Potentials of Digital Technologies to Improve Value Creation and
Capture in Disruptive Mobility Business Models ...........cccceeiiiiiiiiiiiiiiiieeeeee, 94
1 Study 4: The Value of IS in Business Model Innovation for Sustainable
Mobility Services — The Case of Carsharing.....cccccooevveiiiiiiiiicciie e, 95
1.1 1] (oo 11 o 1o ] o [P 96
1.2 Theoretical FOUNAtION.........cooiiiiiiiie e 97
13 MethodologiCal APPrOACK ..o 100
1.4 ST U1 SR 102
15 Discussion of FINAINGS.........coouuiiiiiii e e 104
1.6 Limitations and Future ReSearch ...........ccooooiiiiii e 106
1.7 (O0] o Tod 1113 o o 1SRRI 106
2 Study 5: Sharing yet Caring: Mitigating Moral Hazard in Access-Based
Consumption through IS-Enabled Value Co-Capturing with Consumers ....108
2.1 1} (o o 11 o 1o ] o I PSS 109
2.2 Theoretical FramMEWOIK..........ccuuiiiiiiiiiiiiiiiiiiie e 111
2.3 Towards IS-Enabled Value Co-Capturing with Consumers to Mitigate Moral
Hazard in Access-Based CONSUMPLION ...........uuuumiimmiiiiiiiiiiiiineees 114
2.4 Y111 a oo [0] (oo VP PRPPRTTRR 115
ii

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.

Es gilt nur fir den persénlichen Gebrauch.



Table of Contents

2.5 RESUILS ..o e e 119
2.6 Discussion of Empirical FINAINGS ..........uuiiiiiiiiiiieees 121
2.7 [ g o] o= T o 1P 124
2.8 Limitations and Future ResearCh...........cccoooiiiiiiiiiiiiiie e, 126
2.9 (0] o od [V ] o o 127
2.10  ACKNOWIEAGEMENLS ....uiiiiiiieeiiiee e e e e e e e e e e e e e e e eeseaaaans 127
2.11  APPENAIX i 128
C. CONTIIBULIONS et e e e e e e e aaann 133
l. FINAINGS @Nd RESUILS ..oeeviiiiiii i 134
1.1 Findings Regarding the Role of Digital Eco-Systems in the Socio-technical
Transition towards Future MoDIility ..............uuuiiiiiiiiiiiiieeieeeee e 134
1.2 Findings Regarding the Roles of Information Systems in Business Model
LT L0171 o ] o TR 138
1.3 Findings Regarding the Impact of Digital Technology Diffusion on Business Model
Innovation of Incumbent Mobility FIrmsS..........cooiii i, 140
1.4 Findings Regarding the Potentials of Digital Technologies to Improve Value
Creation and Capture in Disruptive Mobility Business Models .............cccoeevvvnnnn. 142
1.5 Synthesis: A Multi-level Perspective on the Transformational Impacts of Pervasive
Digital Technologies on Business Models in the Mobility Sector......................... 145
Il. Implications for Theory and PractiCe..........ccccviiiiii e, 149
1.1 Implications for IS ReSearCh...........c..vviiiiii i 149
1.2 IMPlications fOr PracCtiCe .........coooiiiiiiie e 153
Il Limitations and Further Research Opportunities...........ccccuuvvvviiiiiiiiiiiiiiiinnnnn. 156
A I 0 = L o] 1 PSPPI 156
1.2 Further Research OPPOrtUNItIES .........ccooiii e 157
V. (0701 o Tod [V =TT ] o F PR 159
REFEIENCES ... e e e e e e e e 161
F Y o] o 1= [0 PSSP 185
iii

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.

Es gilt nur fir den persénlichen Gebrauch.



List of Figures

List of Figures

Figure A-1. Structure Of thiS tNESIS ..........uuuuuiiiiiiiiiiiiiiiiiiiiiiii bbb eeeeees 9
Figure B-1. Multiple levels as a nested hierarchy (Geels, 2005) .......cccceeeiiieeiiiiiiiiiiiieeeeeeeee, 35
Figure B-2. Socio-technical transition driven by digital eco-systems (adapted from Geels and
KEMP, 2006) .. .oiiiiiiiiiiee e ee e e e e e e e e e e e e e e e e e e e a s 40
Figure B-3. Taxonomy development procedure (Nickerson et al., 2013, p. 345)................... 59
Figure B-4. Research model and hypotheSES...........oouvviiiiiiii e, 75
Figure B-5. Conjoint results — relative impoOrtanCe ................eevvvviiiiiiiiiiiiiiiieiieeieeeeeeeeeeeeeeees 104
Figure B-6. RESEArCh MOUEL.........cii i 116
Figure B-7. Example illustration of a celeration profile ...............ccccveeiiiiiiiiiiiiiiiiiiiiiiieeeeeeee 117
Figure B-8. Multi-agent smatrt city framework exemplified for the mobility domain .............. 123

Figure C-1. Abstracted propositions describing the impact of digital eco-systems on socio-
technical systems in the mobility sector (adapted from Geels and Kemp, 2006) .....137

Figure C-2. Summary of the main findings of sStudy 2 ............ccooiiiiiiiiinie e, 140

Figure C-3. A multi-level perspective on the transformational impacts of pervasive digital
technologies on business models in the mobility sector (adapted from Geels, 2002)

v
Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



List of Tables

List of Tables

Table A-1. Overview of studies constituting the cumulative dissertation ................ccccceeeeeeen. 8
Table A-2. Overview of reSearch deSign ..., 11
Table A-3. Summary of anticipated contribULiONS.............coiieii i, 15
Table B-1. Fact sheet of Study NO. ..., 29
Table B-2. Results of the analysis of mobile applications .............ccccviiiiiiiiciiiie e, 42
Table B-3. Fact sheet Of StUAY NO. 2....oooiiiiiiiiiii e, 49
Table B-4. Final taxonomy describing IS in business model innovation ...............ccccevvvvennn... 62
Table B-5. The roles of IS in business model innovation ..., 63
Table B-6. Ending conditions of taxonomy development (Nickerson et al., 2013).................. 67
Table B-7. Fact sheet Of StUAY NO. 3.... e 69
Table B-8. Descriptive statistics and COrrelations.............oovuuviiiiii e 84
Table B-9. Regression results (hypotheses 1 and 2) .........oouuviiiiiiieeiiiiiie e 85
Table B-10. Regression results (NYPOthESIS 3) ....veiii i 87
Table B-11. Examples of coding of digital M&AS ..........oooiiiiiiiiiii 93
Table B-12. Examples of coding of digital business model innovations ...............ccccvvvvnnnnn... 93
Table B-13. Fact sheet Of StUdY NO. 4.....ooooiiiiiiiiiiii 95
Table B-14. Explanation of attributes and [eVelS...............ooviiiiiiiiiiiieie e, 101
Table B-15. Age diStrDULION .....coovviiiiiiiiee e 102
Table B-16. Respondents’ previous carsharing USage............ceeiieeeiiiiiiiiiiieeeeeeeeeiiieee e 102
Table B-17. Conjoint results — part-worth UtIItIES............cooeeeeeieeeee e 103
Table B-18. Fact sheet Of StudY NO. ... 108
Table B-19. Agency perspective 0N Carsharing ...........coeieeriiiiiieeeiiis e e e 113
Table B-20. DeSCrPLive STALISTICS........cciiiiiiiieeeie e 119
Table B-21. REQreSSION FESUILS .......uuuiiiii i 120
Table B-22. Impact of celeration 0N €Nergy COSES ........coooiiiiiiiiiiiiiie e 129
Table B-23. Impact of celeration on maintenance and repair COStS.........ccceeeeeeeeiiieiiiiinnnnnnn. 130
Table B-24. Possible annual savings based on a 5.1% decrease in celeration................... 132
Table C-1. Title, research question, and main contribution of study 1...............cccovvvvviinnnnnn. 134

v

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.

Es gilt nur fir den persénlichen Gebrauch.



List of Tables

Table C-2. Title, research question, and main contribution of study 2...............ccceevvvvnnn.n. 138
Table C-3. Title, research question, and main contribution of study 3..............cccooiiiiiiiinns 140
Table C-4. Title, research question, and main contribution of study 4................coevvieeenneen. 142
Table C-5. Title, research question, and main contribution of study 5............ccccccciiiiinneen. 143
Table C-6. Implications fOr rESEAICN ...........cuuviiii 152
Table C-7. Implications fOr PracCtiCe ..........oovvuiiiiiiii e e e 155
vi

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



Acronyms

Acronyms

ABC Access-based Consumption

BMI Business Model Innovation

CA Conjoint Analysis

CBC Choice-based Conjoint Analysis

EPS Earnings per Share

EV Electric Vehicle

GDP Gross Domestic Product

GEE Generalized Estimating Equation
GHG Greenhouse Gas

GPS Global Positioning System

HEV Hybrid Electric Vehicle

IBES Institutional Brokers’ Estimate System
ICT Information and Communication Technology
IS Information Systems

IT Information Technology

MaaS Mobility as a Service

M&A Merger & Acquisition

MNL Multinomial Logit

OEMs Original Equipment Manufacturers
OoLS Ordinary Least Squares

PSM Propensity Score Matching

R&D Research and Development

SDC Securities Data Corporation

SOC State of Charge

VHB Verband der Hochschullehrer fir Betriebswirtschaft
VIF Variance Inflation Factor

WDI World Development Indicator

vii
Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



A — Foundation

A. Foundation

The first part of this cumulative dissertation is composed of two distinct chapters. Chapter A.l
outlines the motivation for investigating the transformational impacts of digital technologies
on business models in the mobility sector. Furthermore, it presents the general research
context of this thesis. The subsequent chapter, A.ll, provides the relevant theoretical
foundations and relates this work to existing literature on digitalization, its implications for
business with a particular focus on business model innovation, and mobility changes in the
digital age.
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A.l — Introduction

. Introduction

The introductory chapter begins with the motivation for this research (A.l.1), followed by an
outline of the research gaps and questions along which this thesis is framed (A.l.2).
Afterwards, its basic structure (A.l.3), research context and design (A.l.4), differentiation from
prior dissertations at the Chair of Information Management (A.l.5), as well as anticipated
contributions for research and practice (A.l.6) are presented.

.1 Motivation

In their investigation of twenty-first-century personal urban mobility, Mitchell et al. (2010)
state, “For a century, the automobile has offered affordable freedom of movement within
cities—the places where most of the world’s people now live, work, play, and pursue their
social and cultural lives. It provides access to all of the benefits that cities have to offer; it is
an object of desire; and it plays a crucial role in the U.S. and other economies. But it now
requires radical reinvention” (p. 1). This far-reaching assertion reflects the major changes
that the contemporary mobility landscape is undergoing as it is affected by several mega-
trends (Seeger and Bick, 2013). With the mobility sector among the main contributors to
environmental degradation (Nykvist and Whitmarsh, 2008; Samaras and Meisterling, 2008),
increasing environmental pressure renders it necessary to develop more sustainable
technologies (e.g., electric mobility) and alternatives to ownership-based forms of individual
mobility (Wells, 2013). This need is further amplified as urbanization and general population
growth lead to higher travel demand, inundating contemporary cities with traffic congestion,
local CO, and noise emissions, as well as shortages of parking space (Prettenthaler and
Steininger, 1999; Willing et al., 2017). Furthermore, changing societal values — particularly
those of the younger generation — and the emergence of the sharing economy (Belk, 2013;
Kathan et al., 2016) indicate that the perceived importance of the self-owned private car is
decreasing.

Recently, these developments have been accompanied by another major trend affecting
economies and societies worldwide: the ongoing diffusion of digital technologies throughout
almost all aspects of everyday life (Yoo, 2010). Advances in broadband Internet and the
emergence of mobile devices such as smartphones have made information readily
accessible, unconstrained by time and space (Junglas and Watson, 2006). Such
developments have changed the way people work, communicate and interact with others,
and live their lives as a whole, underscoring the socio-technical nature of the digitalization
phenomenon (Tilson et al., 2010). The increased presence of digital technologies can be
observed not only for consumers but also for suppliers. Incited by ongoing improvements in
processing power, gains in storage and power efficiency, the miniaturization of hardware, as
well as an unprecedented level of connectivity, firms across virtually every industry have
begun to explore the options provided by new digital technologies and to reap their potentials
(Matt et al., 2015; Yoo et al., 2010b). In the mobility domain, this phenomenon can be easily
seen in automobile manufacturers’ incorporation of digital technologies into their core
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products, offering an increasing number of new applications, such as real-time navigation,
infotainment systems, driver assistance, and autonomous driving (King and Lyytinen, 2004,
Yoo, 2010). Rail companies provide mobile apps for checking departure times and booking
tickets and offer wireless Internet access for onboard entertainment. At the same time, there
is an expansion of external actors pervading the mobility domain, including leading players
from the digital space (e.g., Google, Apple) and numerous startups (e.g., Uber, mytaxi, Drivy,
Turo, Lyft). These actors have begun to invent new mobility business models that benefit
from the options granted by digital technologies (Remane et al., 2016c).

With more and more individuals participating in the digital revolution and an increasing
number of businesses creating and offering digital content, services, or products (Karimi and
Walter, 2015) that affect peoples’ everyday mobility, the physical mobility infrastructure
becomes shrouded by an overarching digital layer (Hanelt et al., 2015b). As a result of the
ubiquitous connectivity provided, firms face new forms of communication, interaction,
cooperation, and competition, and thus alternate means of value creation and value capture
(Bharadwaj et al., 2013). Accordingly, widespread digitalization helps to unearth significant
opportunities for reorganizing existing socio-technical arrangements in personal mobility that
have existed for decades (Tilson et al., 2010). Prior research has made some progress in
investigating the capacity of emergent digital technologies to enable specific forms of
disruptive mobility business models, such as carsharing, ride sharing, electric mobility, or
intermodal travel (e.g., Cohen and Kietzmann, 2014; Kley et al., 2011; Teubner and Flath,
2015; Willing et al., 2017), which hold the potential to drive a transformative change in the
physical mobility system. Moreover, research has focused on examining the paradigmatic
shift from physical to digital innovation in the context of incumbent mobility firms (e.g., Hanelt,
2016; Hylving et al., 2012; Piccinini et al., 2015a). While such studies provide valuable
insights for specific instances or segments of the mobility domain, there is still a lack of
conceptual and empirical findings describing how digital technologies drive transformational
change in the socio-technical mobility landscape at large (Yoo et al., 2010b). To date, this
phenomenon has predominantly been described in an anecdotal manner (e.g., Porter and
Heppelmann, 2014; Yoo, 2010). Furthermore, findings from other sectors whose core value
propositions could be displaced by their digital complements — e.g., photography or news
gathering (e.g., Karimi and Walter, 2015; Lucas and Goh, 2009) — cannot be applied for the
case of personal mobility, which by nature demands a physical core.

Due to its usefulness for studying systemic change processes based on the co-evolution of
technology and society (Geels, 2012), this cumulative study employs a multi-level
perspective. By doing so, this research seeks to provide an enhanced understanding of (1)
the overarching nature of digitalization and its impacts on business models in general terms,
(2) changes in incumbent mobility firms’ business models in response to the increased
diffusion of digital technologies in their primarily physical sectors, and (3) the potentials of
digital technologies to improve value creation and capture in disruptive mobility business
models.
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The business model concept has proven particularly suitable for studying the
transformational impacts of digital technologies on the socio-technical mobility landscape due
to several reasons. First, as companies commercialize new technologies through their
business models (Chesbrough, 2010), they provide a useful lens for investigating the novel
opportunities offered by digital technologies. Second, due to its boundary-spanning nature
(Zott and Amit, 2010), the business model serves as an intermediating construct that is
capable of capturing the interdependencies between a firm and its surrounding environment
(Veit et al., 2014). This conceptualization acknowledges not only the importance of social
interactions for business but also the necessity of adapting business models in light of
changing environmental conditions (Teece, 2010; Veit et al., 2014) — a factor that is
becoming increasingly essential in this era of widespread digitalization of businesses and
society at large. By investigating how the diffusion of digital technologies changes business
models in the mobility domain, this thesis aspires to contribute important implications for
information systems (IS) research and business practice.

.2 Research Questions

The ongoing diffusion of digital technologies has unleashed fundamental changes in virtually
all aspects of society (Lucas et al., 2013; Yoo, 2010), including everyday mobility. Therefore,
the goal of this study is to contribute to a better understanding of the transformational
impacts of digital technologies on business models in the mobility sector. For that purpose,
the study is divided into four fundamental research questions that are outlined in the
following.

First, this thesis relates the phenomenon of digitalization to the landscape of mobility in
general terms. Prior research has made significant progress in shedding light on the
increasingly important role of digital technologies within the mobility domain. For instance,
with respect to car-based mobility, the increasing presence of digital technologies has been
described as enabling a variety of new applications affecting peoples’ everyday mobility,
such as navigation, communication and entertainment systems, and driver assistance
(Juliussen, 2003; Yoo, 2010). At the same time, digital technologies have been found to
facilitate the rise of completely new and disruptive mobility business models, such as diverse
forms of shared mobility (Bardhi and Eckhardt, 2012; Cohen and Kietzmann, 2014; Teubner
and Flath, 2015). However, a differentiated understanding of the transformational impacts of
digitalization on the socio-technical mobility landscape at large remains missing. Insights
from other industries whose products and business models have been completely replaced
by their digital counterparts (e.g., Karimi and Walter, 2015; Lucas and Goh, 2009) cannot be
applied here, as the mobility domain, by nature, relies on physical elements, such as vehicles
and the associated infrastructure.

Socio-technical transitions literature has demonstrated the usefulness of applying a multi-
level perspective to understanding and explaining the complex dynamics of change
processes based on the co-evolution of technology and society — also in the mobility domain
(e.g., Geels, 2012). However — despite pervasive technologies and ubiquitous computing
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having been identified as instances of so-called landscape developments that affect societies
worldwide and determine the exogenous environment in which actors operate — existing
studies focus primarily on other major drivers of socio-technical transitions, such as
environmental pressure or regulations (Geels, 2012; Geels and Kemp, 2006; Nykvist and
Whitmarsh, 2008). Moreover, these studies fail to account for the powerful affordances of
digital technologies (Yoo et al., 2010b) and the emergence of digital eco-systems (Corallo et
al., 2007) that have been reported to change the roles and rules of relationships amongst
organizations, consumers, and other actors in the socio-technical systems in which they
emerge (Bharadwaj et al., 2013; El Sawy et al., 2010; ElI Sawy and Pereira, 2013; Lucas et
al., 2013; Yoo et al., 2012). Due to a lack of scientific research in this context, we must learn
more about how pervasive digital technologies and emerging digital eco-systems drive the
socio-technical transition of the physical mobility system and pave the way for new disruptive
business models. By applying a socio-technical lens for investigating the transformational
impact of emerging digital technologies on the physical mobility landscape, this study
contributes to Yoo et al.'s (2012) call “to embrace more fully the new socio-technical reality of
a ubiquitous presence of digital technology in everyday life” (p. 1403). Hence, the first
research question is derived as follows:

RQ1: How do digital eco-systems promote the socio-technical transition towards
future mobility and pave the way for disruptive mobility business models?

The second section aspires to systematically structure the novel developments based upon
digital technologies. As firms’ business models constitute an important part of the socio-
technical systems in which they are nested — being closely connected to the surrounding
elements, such as infrastructures, actors, and user practices (Bidmon and Knab, 2014) —
they become a valuable unit of analysis. However, drawing upon a comprehensive literature
review of business models, Veit et al. (2014) point out that this perspective is rarely applied
in the field of IS research, despite being well suited for investigating the novel approaches
developed in the context of widespread digitalization.

Much of business model research applies a static view to the concept, focusing on
fundamentals, such as its definitions, components, or representations (Zott et al., 2011).
However, Cavalcante (2013) stresses that “it is not enough merely to identify and describe
central components of a firm’s business model. It is also essential to understand the
dynamics of a business model, i.e. how a business model changes over time” (p. 287). In line
with this argumentation, this study adopts a dynamic view of business models, i.e., business
model innovation, rather than considering only a snapshot of the way that firms conduct
business. Moreover, prior research has described the changing role of IS in business
contexts in the last decades, ranging from computing applications in corporate back offices to
IT-enabled business processes and, more recently, moving towards becoming businesses in
themselves (e.g., El Sawy and Pereira, 2013). To account for these distinct mechanisms and
the variety of technologies captured by the term ‘digital technologies’ (Bharadwaj et al.,
2013), this study follows Hanelt (2016) and begins by adopting the broader notion of IS (see
Watson et al., 2010) to examine the increasing digitalization of businesses. Despite the
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progress made in analyzing the impact of IS on changes in firms’ business models for single
instances (e.g., Bjorkdahl, 2009; Desyllas and Sako, 2013) or generally classifying the foci of
IS research on business models (e.g., Burkhart et al., 2011), a holistic overview and
comprehensive understanding of the distinct roles played by IS in business model innovation
is still lacking. Insights from other innovation contexts — such as process, product, or service
innovation (e.g., Kleis et al.,, 2012; Lyytinen and Rose, 2003; Nambisan, 2013) — do not
account for the specifics and complexity of the business model concept and therefore cannot
be applied here without verification (Amit and Zott, 2012; Fichman et al., 2014; Schneider
and Spieth, 2013). This leads to the second research question:

RQ2: What are the roles of IS in business model innovation?

As a third major aspect, this study focuses on investigating how incumbent mobility firms
react to the increasing diffusion of digital technologies in their socio-technical systems. While
competition has been present ever since, the convergent and generative nature of digital
technologies has unleashed a new era of competitive struggle — also in primarily physical
sectors such as personal mobility — forcing incumbent firms to rethink the ways in which they
conduct business (Bharadwaj et al., 2013; Porter and Heppelmann, 2014; Yoo, 2010). To
account for customers’ changing preferences (Lucas et al., 2013), firms must innovate their
business models. The focus on business model innovation, i.e., how business models
change over time, is particularly valuable, as several researchers perceive a dearth of
literature investigating the dynamics of business models, particularly those of incumbent
firms, which are shaped by established structures and other lock-in effects from their still-
functioning business models (Cavalcante, 2013; Demil et al., 2015; Sosna et al., 2010).

With a focus on the dominant means of personal mobility (i.e., automobility), prior research
has begun to investigate the paradigmatic change from physical to digital innovation by, e.g.,
describing the design principles and design processes of product-related services
(Henfridsson and Lindgren, 2005; Lenfle and Midler, 2009) as well as the product
architectures and organization logics associated with the hybridization of physical and digital
components (Hylving and Schultze, 2013). Moreover, attention has been paid to the internal
tensions (Andreasson et al., 2010; Hylving et al., 2012) and managerial challenges (Hanelt,
2016; Piccinini et al., 2015a) resulting from the contradictory innovation logics of physical and
digital components. Karimi and Walter (2015) conclude that such a radical technological
change “often creates capability gaps for incumbent firms in the industry because it
introduces new technological knowledge and alternatives, new ways of performing
organizational activities, and new ways of creating value” (p. 43). On top of this, Piccinini et
al.'s (2015a) exploratory Delphi study with 19 automotive experts identified digital business
model innovation as one of the most significant managerial challenges associated with digital
transformation in the automotive industry. As quantitative insights on automotive incumbents’
digital business model innovations and the means by which they source the new and
heterogeneous knowledge (Yoo et al., 2012) required for digital innovation remain scarce,
this study seeks to explore the third research question:
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RQ3: How does the increased diffusion of digital technologies impact business model
innovations of incumbent mobility firms and how do they source the knowledge
required for digital innovation?

Finally, the fourth section focuses on the emergence and diffusion of disruptive mobility
business models, as they play a decisive role in socio-technical transitions (Geels, 2012).
While disruptive business models rely on the basic assumption that they have the potential to
outperform prevailing business models at some time, they typically underperform in
established mainstream market attributes upon introduction and therefore occupy only small
market niches (Christensen, 1997; Danneels, 2004; Govindarajan and Kopalle, 2006).
Accordingly, the question is how to increase the attractiveness of disruptive mobility business
models for both consumers and providers. However, despite initial indications that digital
technologies could be a substantial vehicle in this regard (e.g., Cohen and Kietzmann, 2014),
Baiyere and Salmela (2013) draw on a comprehensive literature review to identify a “lack of
research studying the particular role of IT in the occurrence of disruptive innovation” (p. 8).

Recent studies have highlighted significant opportunities provided by widespread
digitalization in reorganizing various socio-technical arrangements (Tilson et al., 2010),
including personal mobility. For instance, the increased penetration of digital technologies in
everyday life (Yoo, 2010) and the emergence of digital eco-systems have been found to
enable new disruptive mobility business models that emphasize customer experience as an
alternative to ownership (EI Sawy and Pereira, 2013). Accordingly, some studies have
categorized and described different forms of shared mobility business models (e.g., Cohen
and Kietzmann, 2014) or digital mobility business models in general (e.g., Remane et al.,
2016a, 2016c). However, research on the perspective of increasing the attractiveness of
disruptive mobility business models via digital business model innovation is relatively scarce,
with one exception being Bohnsack and Pinkse (2017), who use the concept to describe
value proposition reconfiguration tactics for increasing the market acceptance of electric
vehicles. Moreover, Desyllas and Sako (2013) conclude, “Although the emergent business
model literature has elaborated on the mechanisms for value creation and delivery when new
business models are conceived and implemented, it has left the issue of value capture
relatively under-explored” (p. 101). To address this gap, a simultaneous focus on both value
creation and capture is particularly useful, as these mechanisms refer to two sides of the
same coin (Priem et al., 2013). Therefore, as we still know relatively little on how digital
technologies alter value creation and capture in disruptive mobility business models, the final
research question is formulated as follows:

RQ4: How do digital technologies improve value creation and capture in disruptive
mobility business models?
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.3 Structure of the Thesis

This cumulative study is composed of three major parts: Part A elaborates upon the
foundations, as mentioned above. Part B, the centerpiece of this work, is structured along the
research questions outlined in Section A.l.2 and presents the five research papers
constituting this cumulative dissertation. The first chapter (B.l) focuses on the important role
of digitalization in the transition towards future mobility. It delivers a conceptual framework
along with four theoretical propositions that are delved into in the subsequent sections.
Chapter B.Il employs a business model perspective to analyze and structure recent
approaches that have been shaped by digital technologies. In particular, this chapter aims to
investigate the distinct mechanisms through which IS affect changes in firms’ business
models. Afterwards, Chapter B.llIl details the impact of pervasive digital technologies on
business model innovation of incumbent mobility firms. Finally, Studies 4 and 5 in Chapter
B.1V focus on disruptive mobility solutions, using the example of carsharing to establish an
analysis of how digital technologies improve value creation and capture in disruptive mobility
business models. By doing so, each paper represents a major building block for gaining a
profound understanding of the transformational impacts of digital technologies on business
models in the mobility sector. Table A-1 presents an overview of each study, including details
on the respective publication outlets, research questions addressed, and main contributions.

Table A-1. Overview of studies constituting the cumulative dissertation

No. Outlet Status Ranking Chapter Solc Main contribution
(VHB) RQ

1 China Media Published n.a. B.I 1 Multi-level framework and theoretical propositions

Research explaining how digital eco-systems  (digital
technologies, actors, and relationships between them)
disrupt and transform established patterns in the
mobility sector.

2 European Published B B.II 2 Taxonomy uncovering the distinct roles of IS in
Conference business model innovation as (1) enablers, (2)
on Information capabilities, and (3) frames of reference for business
Systems 2015 model innovation.

3 International Published A B.IlI 3 Investigation of automotive incumbents’ digital
Conference business model innovations, their effects on future
on Information firm performance, as well as the impact of acquiring
Systems 2015 (Best external digital knowledge on OEMs’ innovativeness.
Paper Nominee)

4 International Published C B. IV 4 Evaluation of the role of IS for the perceived
Conference on attractiveness of disruptive mobility business models
Wirtschaftsinformatik by drawing upon the three functions of IS: informate,
2015 automate, and transformate.

5 Business & Published B B.IV 4 Insights on the importance of viewing consumers (and
Information Systems other entities) as integral parts of digital business eco-
Engineering systems by applying the potentials of digital

technologies not only for co-creating but also co-
capturing value with them.

Lastly, Part C provides a summary of the findings along with a synthesis in light of the
research questions posed within this thesis (C.I). It continues with a presentation of
implications for research and practice (C.llI), limitations and further research opportunities
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(C.1I), as well as concluding remarks (C.IV). Figure A-1 depicts the basic structure of this
thesis.

| A.l Introduction
c
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° —— .
> A.l.4 Research Context and Design AlLS Dlﬁerentatlgn from Prior A.1.6 Anticipated Contributions
o Dissertations
LL
< -
© A1l Theoretical Background
© P e
o A.11.1 Understanding Digitalization All2 I_mpllcatl_ons of Digital A.11.3 Mobility Changes in the
- ; Technologies for Firms and the Role L
as a Socio-technical Phenomenon g . Digital Era
of Business Model Innovation
B.I The Role of Digital Eco-Systems in the Socio-technical Transition Study 1
Towards Future Mobility udy
B.Il The Distinct Roles of Information Systems in Business Model Study 2
Innovation udy
(7]
2
©
>
)
e B.111 The Impact of Digital Technology Diffusion on Business Model Study 3
m Innovation of Incumbent Mobility Firms udy
=
©
o
Study 4
B.1V The Potentials of Digital Technologies to Improve Value Creation
and Capture in Disruptive Mobility Business Models
Study 5
C.1 Findings and Results
| C.1.1 Findings RQ1 | | C.1.2 Findings RQ2 | | C.1.3 Findings RQ3 | | C.1.4 Findings RQ4 |
8 | C.1.5 Synthesis of Findings |
o
=
>
.'E C.1I Implications for Theory and Practice
)
cC> | C.I1.1 Implications for IS Research | | C.11.2 Implications for Practice |
O
E'_,) C.111 Limitations and Further Research Opportunities
L
S | C.I11.1 Limitations | | C.111.2 Further Research Opportunities |
| C.1V Conclusion |

Figure A-1. Structure of this thesis
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.4 Research Context and Design

IS research aspires to provide insights on how “information technology (IT)—various
technical artifacts for capturing, processing, transmitting, and representing information—can
be effectively infused into the human enterprise...[meaning] any social arrangement that can
be served or affected by or can serve the uses of IT, ranging from use by individuals, teams,
organizational units, and organizations to use by communities, markets, industries, and
societies” (Grover and Lyytinen, 2015, p. 272). The relatively young and interdisciplinary
research field of IS involves contributions from several backgrounds, such as management,
philosophy, sociology, psychology, physics, mathematics, and computer science (Gregor,
2006). To account for the diversity of research domains as well as their underlying beliefs
and philosophical positions, it is important to disclose the general assumptions that guide a
research project, that is, its research paradigm, epistemology, and applied methods (Hevner
et al., 2004; Orlikowski and Baroudi, 1991; Wilde and Hess, 2007).

Concerning the research paradigm, IS scholars differentiate between two broad approaches:
design science and behavioral science (Hevner et al., 2004). Research following the design-
science research paradigm seeks to design, create, and evaluate technology-oriented
artifacts to solve organizational problems (Hevner et al., 2004). This positioning was largely
influenced by the seminal work of Simon (1996) and aims to provide better solutions for real-
world phenomena (Kuechler and Vaishnavi, 2008). In contrast, the behavioral-science
paradigm originates from natural science research and aims to develop and justify theories
(i.e., principles and laws) to explain, understand, or predict phenomena concerned with
interactions amongst people, information technology, and organizations (Hevner et al.,
2004). This thesis does involve certain design-oriented aspects, as it contributes IS artifacts
in the form of models or situated software implementations (Gregor and Hevner, 2013). For
example, Study 2 contributes a taxonomy that can be used by practitioners as a generic
template for analyzing how IS can be applied to keep their business models relevant through
innovation, whereas Study 5 involves the implementation of an IS-enabled bonus scheme to
motivate carsharing customers to mitigate reckless and wasteful driving. However, these
elements are primarily considered as by-products of the thesis. The main focus of this work
lies on gaining a comprehensive understanding of how pervasive digital technologies lead to
transformational change in the socio-technical mobility landscape. Hence, this thesis mainly
follows the behavioral-science research paradigm.

With regard to the underlying epistemology, i.e., the assessment and justification of
knowledge claims (Wynn and Williams, 2012), one can distinguish three general positions:
positivist, interpretivist, and critical research (Gregor, 2006). Positivist studies assume the
existence of a single and objective reality (Hudson and Ozanne, 1988) and are primarily
used to test, confirm, or falsify theory in order to increase the understanding and
predictability of real-world phenomena (Wynn and Williams, 2012). To do so, researchers
following this position “work in a deductive manner to discover unilateral, causal
relationships, that are the basis of generalized knowledge” (Orlikowski and Baroudi, 1991, p.
10). In contrast, interpretive research is based on the belief that there are many perceived
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realities that cannot be understood a priori, because they are socially constructed (Hudson
and Ozanne, 1988). To account for the changing and context-specific nature of perceived
realities, interpretivists usually employ a continually evolving research design that helps them
understand the subjective meanings behind actions (Hudson and Ozanne, 1988; Wynn and
Williams, 2012). Finally, critical realism (also known as critical research) combines elements
of the two previously mentioned positions to provide alternative approaches for knowledge
development (Wynn and Williams, 2012). Similarly to positivist research, critical realism
assumes an independent reality composed of fixed entities. However, this position further
acknowledges “that the world is not easily reducible to our perceptions and experiences. In
other words, the nature of reality is not easily and unproblematically apprehended,
characterized, or measured, which means that humans experience only a portion of it” (Wynn
and Williams, 2012, p. 790).

This thesis adopts a positivistic stance, meaning that it acknowledges the existence of an
independent reality. This reality, however, is fragmentable, allowing for accurate
observations of the phenomenon (Hudson and Ozanne, 1988). Therefore, each of the
research papers constituting this cumulative dissertation focuses on a separate aspect of this
reality in order to gain profound insights into the research subject. To do so, a mixed-
methods approach is applied, combining qualitative and quantitative research to provide
distinct perspectives on the same phenomenon and thus enriching its understanding
(Venkatesh et al., 2013). The first two studies are primarily qualitative and exploratory in
nature, delivering a solid theoretical foundation upon which Studies 3, 4, and 5 can provide
guantitative and confirmatory analyses (Venkatesh et al., 2013). By covering both providers’
and consumers’ perspectives, this thesis seeks to deliver a comprehensive understanding of
the causal relationships between the ongoing diffusion of digital technologies and business
model changes in the mobility sector. Table A-2 presents an overview of the research design
for each study.

Table A-2. Overview of research design

No RQ Paradigm Epistemology Methodology Data collection Data analysis

1 1 Behavioral Positivistic Framework development App store analysis Content analysis
science (N =186)

2 2 Behavioral Positivistic Taxonomy development Structured literature Taxonomy
science (Nickerson et al., 2013) review development

3 3 Behavioral Positivistic Longitudinal panel data analysis  Database retrieval Multivariate regression
science (Ahuja and Katila, 2001) analysis

4 4 Behavioral Positivistic Conjoint analysis (Hill, 2013) Online survey (N = 221) Logit choice analysis
science

5 4 Behavioral Positivistic Quasi-experiment (Campbell and Quasi-experimental time-  Multivariate regression
science Stanley, 1963) series design (N =2,983) analysis
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.5 Differentiation from Prior Research at the Chair of Information
Management

One of the main research interests of the Chair of Information Management is the
investigation of issues related to the field of future mobility. As the individual studies forming
this cumulative dissertation were conducted in close collaboration with other researchers of
the Sustainable Mobility Research Group (SMRG), it is important to mention prior
dissertations focusing on the implications of digitalization for the mobility sector and to
emphasize how they differ from the research at hand.

Three closely related studies are worth noting. First, Piccinini (2016) focuses on the
automotive industry and applies a configurational perspective to explain how the application
of certain mechanisms (i.e., organizational responses to the phenomenon of digitalization) in
given contextual conditions can lead automotive firms to initiate a sustainable digital
transformation of their business. In the same vein, Hanelt's (2016) investigation advances the
understanding of how digital transformation manifests itself in business model changes of
automotive incumbents. Furthermore, it delineates the specific organizational capabilities
necessary for coping with the managerial challenges associated with the paradigmatic
change from physical to digital innovation. In addition to these studies, Remane (2017)
provides fruitful insights into the nature of today’s digital mobility business models by
classifying them in terms of their underlying components and types. Based on a descriptive
analysis of technology startups from the mobility sector, the findings reveal significant
changes in business model types employed during the last decade.

Whereas Piccinini (2016) and Hanelt (2016) contribute valuable findings on the
organizational impact of digital transformation in the context of the automotive industry, this
work goes beyond this specific context to investigate the transformational impacts of
pervasive digital technologies on the primarily physical mobility landscape. Moreover, this
work differs from these studies with regard to the methodologies applied. Piccinini (2016) and
Hanelt (2016) mainly employ explorative and qualitative analyses to gain a deep
understanding of the phenomenon of interest. In contrast, this work begins by proposing a
theoretical framework explaining the effects of digitalization at three distinct analytical levels,
which is then applied as a basis for large-scale quantitative assessments to confirm and
deepen the suggested relationships. Similar to Hanelt (2016) and Remane (2017), a
business model lens is applied to investigate the novel approaches in the digital era.
However, instead of focusing on organizational factors related to incumbent firms’ business
model changes (Hanelt, 2016) or descriptively analyzing new digital mobility solutions in
terms of business model components or types (Remane, 2017), this thesis primarily aspires
to contribute in-depth insights into how value creation and capture in future mobility business
models work. To do so, the studies herein consider the perspectives of both consumers and
providers to account for the socio-technical nature of the digitalization phenomenon (Tilson et
al., 2010). Moreover, in contrast to the studies mentioned, a particular focus is placed on the
role of digital technologies in the emergence and diffusion of disruptive mobility business
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models, which is of great value due to the importance of these business models for a radical,
systemic innovation of the mobility sector (Geels, 2012).

To sum up, although this research features several similarities to prior studies of the group
and their findings relate to closely interwoven themes, there are distinct differences in scope,
coverage, and analysis methods. This study thus provides fruitful insights that go beyond the
existing body of knowledge, contributing to a more profound understanding of the
transformational impacts of pervasive digital technologies on the primarily physical mobility
sector at large.

.6 Anticipated Contributions

This cumulative thesis seeks to deliver valuable contributions to members of the IS research
community focusing on transformational IT, digital innovation, digital business models, and
green IS as well as practitioners engaged in the mobility sector.

First, with its focus on the mobility sector, this work aims to contribute to recent research
calls regarding transformational IT (e.g., Lucas et al., 2013). As digital technologies pervade
more and more aspects of societies worldwide (Yoo, 2010), it becomes imperative to learn
more about their transformational impacts on everyday environments, particularly physical
ones (Yoo et al., 2010b). Prior research has provided important insights into how digital
technologies transform sectors whose core value propositions can be completely replaced by
their digital complements, such as photography (e.g., Lucas and Goh, 2009) or the
newspaper industry (e.g., Karimi and Walter, 2015). However, these findings cannot simply
be transferred to the physical mobility domain, as it requires a hybridization of digital and
physical components. Therefore, this work aims to contribute to a better understanding of
how digital technologies trigger transformational change in personal mobility. By considering
the diffusion of digital technologies as an overarching socio-technical phenomenon (Tilson et
al., 2010) and investigating how it manifests in changes at different dimensions and levels,
this study further contributes to existing digitalization research (e.g., Tilson et al., 2010). As
digitalization takes place globally and in virtually every sector, the findings have potential
explanatory value for other contexts as well.

Second, this study aspires to extend the existing body of knowledge of the relatively young
research field of digital innovation (e.g., Yoo et al., 2012). The multi-purpose nature of digital
technologies allows for the development of a multitude of innovations that affect peoples’
everyday mobility (Henfridsson and Lindgren, 2005). Accordingly, IS research has begun to
examine the important role of digital innovation in this context, largely by concentrating on
the endeavors of specific actors, such as automotive organizations (e.g., Hylving et al.,
2012), or by describing single technological innovations (e.g., Gerloff and Cleophas, 2017).
In contrast, this work adopts a more holistic approach to studying the convergent and
generative nature of digital innovation (Yoo et al., 2012) in the mobility sector. With a focus
on both the digital innovation efforts of incumbent mobility firms as well as digitally enabled
disruptive mobility solutions, this thesis aims to generate a better understanding of the overall
implications of digital innovation for this primarily physical sector. Instead of investigating
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single technological innovations and their performance, this study takes the notion of digital
eco-systems (Corallo et al., 2007) into consideration. By examining the relation of specific
digital innovations to the surrounding landscape of heterogeneous IS as well as the
associated actors and behaviors, this thesis seeks to generate novel insights for the IS
community.

Third, this cumulative thesis contributes to recent research on digital business models (e.g.,
Fichman et al., 2014). To date, addressing the business model concept as a unit of analysis
when investigating novel approaches in the digital era has been quite an innovative endeavor
in 1S research (Veit et al., 2014). However, employing this lens seems to be particularly
useful in this context, as the overarching and boundary-spanning nature of business models
(Zott and Amit, 2010) allows for the capture and analysis of the full breadth of impacts
resulting from the increased diffusion of digital technologies and emergent digital eco-
systems. Therefore, this study aims to provide valuable insights for the community by, e.g.,
investigating the various roles that IS take in business model innovation. Moreover, this
thesis concentrates on the perspectives of both the customers and the providers to examine
how modern mobility business models function. By shedding light on how the effects of
digitalization relate to the business model concept and its mechanisms of value creation and
value capture, this work seeks to extend established literature on digital business models.

As a fourth contribution, this thesis aims to extend the scope of research on green IS (e.g.,
Dedrick, 2010; Watson et al., 2010). Societies and economies worldwide struggle with the
challenges of urbanization and increased environmental pressure (Corbett and Mellouli,
2017), with mobility and transportation as the main contributors to environmental degradation
(Nykvist and Whitmarsh, 2008; Samaras and Meisterling, 2008). As previous studies have
demonstrated that developments in digitalization and sustainable mobility often go hand in
hand (e.g., Willing et al., 2017), the interplay of these developments becomes an increasingly
important facet requiring further elaboration in IS research. By investigating the potentials of
digital technologies to increase the attractiveness and economic viablity of sustainable
mobility business models, this work aims to contribute to the green IS community.

In addition, this cumulative study aspires to offer valuable contributions for practitioners
dealing with the rising impact of digital technologies in the physical mobility sector. One goal
is to create awareness about the overarching nature of digitalization and shed light on the
diverse mechanisms through which the diffusion of digital technologies impacts business
model innovations of firms. Furthermore, this work attempts to examine how incumbent
mobility firms can build the knowledge necessary to prepare for novel approaches in the
digital age. In addition, as digital eco-systems imply important game changers (El Sawy and
Pereira, 2013) — also for primarily physcial sectors such as personal mobility — this thesis
aims to derive insights into the very nature of emergent disruptive mobility business models
that hold the potential to radically alter decades-old patterns in personal mobility. Table A-3
provides an overview of the anticipated contributions of this thesis.
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Table A-3. Summary of anticipated contributions

Community Field

Anticipated contributions

Transformational IT

Insights into the transformative impacts of digital
technology diffusion on the physical everyday
environment of personal mobility.

Digital innovation

Information systems

Evidence for the importance of widening the
perspective towards digital eco-systems instead of
examining individual technological innovations and
their performance in isolation.

Digital business models

Understanding how pervasive digital technologies
relate to firms’ business models and their mechanisms
of value creation and value capture.

Green IS

Insights into the role of IS in making sustainable
mobility business models more attractive.

Business practice

Understanding the nature of digitalization and its
transformational impacts on the mobility sector.

Insights into the characteristics and functioning of
disruptive mobility business models enabled by digital
technologies and emergent digital eco-systems.
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ll. Theoretical Background

As previously described, the focus of this work lies on investigating the transformational
impacts of pervasive digital technologies on business models in the mobility sector. To
provide an overview of the basic concepts and current state of research relevant for this
topic, this chapter draws from related IS research on digitalization, its implications for
business with a particular focus on business model innovation, and mobility changes in the
digital age. By doing so, the following sections present a common ground upon which the
individual research papers in Part B can build to deliver deeper insights into the phenomena
of interest. In alignment with this goal, each of these studies includes a complementary
literature review in its theoretical foundation section.

[I.L1 Understanding Digitalization as a Socio-technical Phenomenon

Mobile technologies, cloud computing, social media, and data analytics are among the most
prominent representations of modern digital technologies (Bharadwaj et al., 2013). Defined
as “combinations of information, computing, communication, and connectivity technologies”
(Bharadwaj et al., 2013, p. 471), digital technologies can be considered as a subset of what
Watson et al. (2010) define as IS' (Hanelt, 2016). Driven by the miniaturization of hardware,
efficient power management, inexpensive and increasingly powerful microprocessors and
memory, as well as ubiquitous wireless connectivity (Yoo et al., 2010b), digital technologies
are spreading to new territories. Reflecting on their nature, Yoo et al. (2012) point out, “A
defining characteristic of pervasive digital technology is the incorporation of digital
capabilities into objects that previously had a purely physical materiality” (p. 1398). By fusing
digital capabilities — such as sensors and processing and transmission technologies — into
previously non-digital, industrial-age products, such as cameras, phones, or cars, these
artifacts themselves become smart, offering additional digital features (Yoo et al., 2012).

Digital technologies differ inherently from previous technologies, as they exhibit three
essential properties. First, reprogrammability means that the semiotic functional logic (i.e.,
software) is modifiable throughout the whole lifecycle, independent of the physical
embodiment (i.e., hardware), thus abandoning the single-purpose nature of preceding
technologies (Tilson et al., 2010; Yoo et al.,, 2010b). Second, encoding information into
binary bits (i.e., discrete numerical sequences of ones and zeros) implies a homogenization
of data, meaning that the same devices and networks can be used for storing, transmitting,
processing, and displaying diverse digital content (Yoo et al., 2012). Finally, digital
technologies are self-referential: they benefit from the functionality provided by other digital
technologies available in their network while simultaneously fostering the diffusion of digital
technologies themselves (Yoo et al., 2010b). There also exist further differences in
comparison to previous technologies with respect to the underlying architecture. Non-digital,

1 An information system can be defined as an “integrated and cooperating set of people, processes, software, and information

technologies to support individual, organizational, or societal goals” (Watson et al., 2010, p. 24).
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physical objects or systems rely on either integral or modular architectures. While integral
artifacts are difficult to alter due to tight couplings among physical and logical elements,
modularity represents a technical realization of product or system decomposition into self-
sufficient components mediated through standardized interfaces (Kallinikos et al., 2013; Yoo
et al., 2010b). However, all of the components remain product specific, as they follow the
single functional design hierarchy of the product to which they belong (Lusch and Nambisan,
2015). Digital technologies, in contrast, elevate the meaning of modularity to entirely new
dimensions, with components no longer bound by a specific product design (Kallinikos et al.,
2013). Instead, digital technologies rely on a layered architecture composed of loosely
coupled layers of devices, networks, services, and contents, with each of the heterogeneous
layers relating to a different design hierarchy (Lusch and Nambisan, 2015; Yoo et al., 2010Db).
When digital components are embedded into physical products, a hybrid architecture
emerges — the layered modular architecture — which combines the distinctive characteristics
of both differentiated architectures (Yoo et al., 2010b).

Due to their exceptional affordances, digital technologies give rise to innovations
characterized by traits of generativity and convergence (Yoo et al., 2012). Generativity
implies that digital technologies “are built on the notion that they are never fully complete,
that they have many uses yet to be conceived of, and that the public can be trusted to invent
and share good uses” (Zittrain, 2006, p. 43). Hence, due to their self-referential nature, digital
technologies provide a cornerstone for further innovations by offering new combination
possibilities along the loosely coupled layers of devices, networks, services, and contents
(Yoo et al., 2010b). Smartphones, apps, and their respective platforms, for instance, cannot
be regarded in isolation. Instead, they form a symbiotic relationship in which the various
activities reciprocally and recursively influence one another (Yoo et al., 2012). Convergence
is achieved in various ways. As more and more industrial-age products are equipped with
sensor, processing, and transmission technologies, the boundaries between the digital and
the physical world become increasingly blurred. Thus, the physical materiality of artifacts is
expanded by a digital materiality (Yoo et al., 2012). Smart products allow for universal
usability (Junglas and Watson, 2006), with any digital content — e.g., audio, video, or text —
able to be stored, processed, or displayed by the same digital devices (Yoo et al., 2010b).
Turning once again to the previous practical example, smartphones unite a variety of
functionalities, including telephone, e-mail, navigation, games, and music applications, which
formerly required the use of multiple devices. Thus, digital technologies unite previously
disconnected user experiences and industries (Tilson et al., 2010; Yoo et al., 2012).

Tilson et al. (2010) emphasize that, in order to assess the overarching consequences of
digital technologies, it is important to differentiate digitizing (i.e., the technical process of
encoding analogue information into digital form) from digitalization (i.e., “a sociotechnical
process of applying digitizing techniques to broader social and institutional contexts” [Tilson
et al.,, 2010, p. 749]). This is consistent with Yoo's (2010) investigation on computing in
everyday life, illustrating the increasing pervasion of digital technologies throughout daily
experiences: “Every way we turn, we see information technology. Everywhere we go, we are
constantly surrounded by computers. We use them when we talk, listen to music, drive our
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cars, and take pictures. T-shirts and jeans that come with radio frequency identification
(RFID) tags remind us that our everyday life is fully saturated with advanced information
technology” (p. 214). As a result, the socio-economic landscape is witnessing a fundamental
change with respect to the value of technology. While a first generation of information
technology was regarded as tools designed for enabling other values (e.g., operational
efficiency) and therefore described in terms of instrumental value, contemporary digital
technologies provide inherent value, as they are deeply embedded into human existence
(Yoo, 2010). For instance, people use social media to communicate with friends and
experience a digital personality, an activity that attains its own symbolic value beyond
functional utility. By drawing upon examples from diverse application fields, Yoo (2010)
explains how societies are moving towards what has been discussed under the themes of
nomadic computing (Lyytinen and Yoo, 2002), ubiquitous computing (Lyytinen et al., 2004),
and ubiquitous information systems (Vodanovich et al., 2010). What becomes obvious is that
the phenomenon of digitalization far exceeds mere technical aspects, as it also entails a
redefinition of the ways that humans experience everyday activities and firms conduct
business.

Accordingly, research has begun to reflect on the transformational impact of digital
technologies on several aspects of society (e.g., Lucas et al., 2013). For instance, Karimi and
Walter (2015) describe how the Internet and computing and communication devices have
fundamentally changed news-gathering processes. Today’s readers not only have moved to
reading digital content offered online by a multitude of providers, such as blogs and tweets,
but also play an active role in the process by sharing articles or distributing their own
contents and opinions. This trend has disrupted the traditional business models of the
predominant newspaper industry, forcing incumbent firms to develop their own digital
offerings. In the case of photography, Lucas and Goh (2009) explain how consumer
experiences associated with photography were transformed by the new opportunities
afforded by digital technologies: “The consumer could take many photos at virtually no cost,
and delete unwanted ones by pushing a button. Rather than waiting to develop a photo and
then sending it by mail to another person, the customer uploads the picture to a PC and
sends it as an email attachment to multiple recipients. If the customer wants a hard copy, she
can print a picture locally on an inexpensive color printer on a PC, send it to an Internet
photo service, or go to a store that had a developing kiosk” (p. 46). Lucas et al. (2013)
recount other prominent examples of the transformative impact of digital technologies.
Drawing on the case of Apple, the authors outline how iTunes, iPods, iPhones, and iPads
have altered how people consume music, video, and other content. Moreover, they describe
major changes in the role of consumers, who have become more informed, capable of
choosing among further alternatives, and generally empowered with respect to a plethora of
available suppliers. At the same time, this dynamic can also lead consumers to become
accustomed to low failure rates and thereby more prone to frustration when encountering
problems (Lucas et al., 2013).

However, all of these examples and many others focus on sectors whose core value
propositions were completely replaceable by their digital complements, such as cameras
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(Lucas and Goh, 2009), broadcasting (Pagani, 2013), and phones (Selander et al., 2010). In
contrast, insights on the transformational impact of digital technologies on primarily physical
sectors, such as personal mobility, remain scarce (Hanelt et al.,, 2015b; Hess et al., 2014;
Yoo et al., 2010b). Therefore, this cumulative study aims to address this gap, considering the
diffusion of digital technologies as “a socio-technical phenomenon in which computers are
integrated into people's lives and the world at large” (Lyytinen et al., 2004, p. 709).

[I.2 Implications of Digital Technologies for Firms and the Role of Business
Model Innovation

Due to the powerful affordances of digital technologies (Yoo et al., 2010b), IS scholars have
begun to reflect on how digitalization changes the way firms organize their business (e.g., El
Sawy and Pereira, 2013). The traits of convergence and generativity tend to imply a shift
towards combinatorial and distributed innovation (Nambisan et al., 2017; Yoo et al., 2012).
This holds particularly true for digital technologies, as they give rise to the emergence of
digital eco-systems. Corallo et al. (2007) conclude, “A digital ecosystem can be defined as
the ICT-enabling infrastructure that supports the cooperation, the knowledge sharing and the
building of a digital business ecosystem” (p. 2). Rather than remaining limited to an exclusive
set of technologies and actors, these digital eco-systems are designed to be open, flexible,
and continuously shifting (Bharadwaj et al., 2013; Yoo et al., 2012), thus changing the rules
of the game across many industries with regard to communication, cooperation, and
competition (ElI Sawy and Pereira, 2013; Pagani, 2013; Porter and Heppelmann, 2014). Due
to the homogenization of data and standardization of interfaces between components of the
layered architecture, various institutions, groups, and individuals can now mix, match, and
recombine any data sources available on the network (Yoo et al.,, 2010b) in order to
assemble or generate new content or services (Tilson et al., 2010). Thus, both the locus of
digital innovations as well as the level of control over innovation processes are distributed
among heterogeneous organizations, actors, and design communities (Chesbrough, 2010;
Nambisan et al., 2017; Yoo et al., 2012). Together with the characteristics of incompleteness
(Zittrain, 2006) and reprogrammability (Yoo et al., 2010b) of digital technologies, this results
in an “unprecedented level of unpredictability and dynamism with regard to assumed
structural or organizational boundaries of the digital innovation, be it a product, platform, or
service” (Nambisan et al., 2017, p. 225).

Innovative solutions that build upon digital technologies have the potential to “overtake
existing markets or pursue unexplored business opportunities with new business models
based on exploiting digital distribution channels, creating and serving new customer demand,
establishing new forms of customer engagement and relationships, or any combination of the
three” (Loebbecke and Picot, 2015, p. 151). Therefore, to remain relevant and competitive
within a rapidly evolving environment, firms across virtually all industries would benefit from
incorporating digital technologies as an integral part of their corporate business strategy,
product and service offerings, and underlying processes (Bharadwaj et al., 2013; Fichman et
al., 2014). However, Al-Debei and Avison (2010) point out the enormous challenges of trying
to translate the relatively inflexible layer of business strategy into concrete business
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processes that are aligned to the dynamics of digital technologies. They conclude that the
business model concept represents the missing link between the layers of business strategy
and business processes, thus becoming an important level of analysis in understanding the
consequences of digitalization on a firm’s business (Al-Debei and Avison, 2010). This is
supported by Veit et al. (2014), who infer that “the business model concept seems
particularly apt to providing an overarching framework with which novel approaches in the
digital era can be strategically structured, analyzed and designed” (p. 45).

In general, a business model may be regarded as a conceptual tool that describes the core
logic of a business (Osterwalder et al., 2005). More recent approaches describe business
models as the means by which companies commercialize new ideas and technologies
through the mechanisms of value creation and capture (Chesbrough, 2010; Priem et al.,
2013; Teece, 2010). This thesis follows a more profound definition provided by Amit and Zott
(2012), which is capable of capturing the specific traits of digital technologies, such as value
co-creation with diverse external partners in digital business eco-systems (Bharadwaj et al.,
2013; Fichman et al., 2014). Accordingly, a business model is defined as “a system of
interconnected and interdependent activities that determines the way the company ‘does
business’ with its customers, partners and vendors. In other words, a business model is a
bundle of specific activities — an activity system — conducted to satisfy the perceived needs of
the market, along with the specification of which parties (a company or its partners) conduct
which activities, and how these activities are linked to each other.” (Amit and Zott, 2012,
p.42). As such, a business model is composed of four different design elements (Al-Debei,
2010). First, a business model’s value proposition describes how the firm creates value for
customers in terms of products or services. Second, the value architecture covers aspects
related to the technological and organizational infrastructure necessary for delivering this
value proposition. Third, the value network characterizes the relationships required to
collaborate with all actors involved. Finally, value finance regulates the respective revenue
and cost streams.

The concept and its elements have already helped to better understand the role of IS in
creating and capturing value in several instances of digital business models (Fichman et al.,
2014). For instance, Zolnowski et al. (2011) apply this perspective to explore how the
integration of sensor, processing, and connectivity devices into mechanical engineering
machines allows for remotely controlled services that bridge geographical distances between
providers and customers. Moreover, in the case of logistics, Kamoun (2008) asserts, “RFID
promises to improve inventory management and operations, reduce labor and logistic costs,
enrich customer services, stimulate further knowledge-sharing, and enhance security. The
combination of RFID with sensor and GPS technologies, in addition to the ongoing decline in
the price of RFID tags, are enabling innovative business models beyond value chain
management” (p. 636). In addition, Desyllas and Sako (2013) describe how vehicle sensor
data enable novel usage-based insurance models, while Bjorkdahl (2009) investigates the
emerging possibilities of integrating digital technologies in mechanical engineering products.
By capturing, storing, processing, controlling, and communicating digital information, the
existing technical performance and functionality space can be expanded with new digital
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options. These examples and many others characterize how digital technologies impact a
firm’s business models by providing new digital options.

Moreover, while various researchers have applied a rather static view to the concept by
describing a snapshot of the way a company does business (Burkhart et al., 2011;
Osterwalder et al., 2005), Demil and Lecocq (2010) conclude, “rather than a snapshot, we
should perhaps think of this image as a single frame from a motion picture — for the open-
ended interactions between its core components (and between the elements within each
core component) and the initiatives that flow from managers’ entrepreneurial abilities ensure
that the BM is always changing” (p.234). Along these lines, Cavalcante et al. (2011) provide
a process-based framework that allows for the identification of distinct types of business
model change, indicating how business models evolve over time. As such, they define
business model change as an alteration of a company’s core repeated standard processes
and identify four different change types. First, business model creation represents the
materialization of a new business idea into an initial business model design. Second,
extension refers to the addition of supplementary activities to an existing business model
without fundamentally changing its core logic. The third category, business model revision, is
characterized by an intervention in the prevailing logic of a business model by replacing
existing activities with new ones. Finally, termination is associated with the abandonment of
an established business model (Cavalcante et al.,, 2011). While Cavalcante et al.'s (2011)
definition of business model extension relates to improving an existing business model, it is
often associated with incremental innovation, whereas business model revision, termination,
and creation tend to be associated with a more radical approach (Cavalcante et al., 2011;
Cavalcante, 2013). Accordingly, business model innovation is capable of capturing not only
the efforts of incumbents to change existing business models or set up new ones to widen
their activity space (Johnson, 2010) but also the attempts of entrepreneurs to commercialize
new and potentially disruptive ideas, increase their performance and profitability, and gain
significant market shares (Zott and Amit, 2007). Against this backdrop, Schneider and Spieth
(2013) describe the process of business model innovation as a continuous and evolutionary
pathway involving reactions to changes within the firm’s environment following ongoing,
discovery-driven learning processes based on trial and error rather than analytical
approaches. This confirms the general awareness that firms must constantly innovate their
business models in order to keep up with competitors (Demil and Lecocq, 2010; Wirtz et al.,
2010), especially in times of increasingly dynamic and turbulent business environments
induced by digital technologies (El Sawy et al., 2010; Sambamurthy et al., 2003).

[1.3 Mobility Changes in the Digital Era

Over a century ago, pioneering work by the engineers Carl Benz, Ransom Old, Henry Ford,
and Gottlieb Daimler allowed the first generation of automobiles to see the light of day
(Mitchell et al., 2010). Today, with almost one billion passenger cars worldwide (Oica, 2017),
and capturing a majority of passenger kilometers, the automobile represents the dominant
means of personal transportation alongside the subaltern regimes of train, bus, taxi, bike,
etc. (Geels, 2012). The ground-breaking success of cars stems from path-dependent
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developments initiated at the end of the nineteenth century that have led to a state of
economics and societies irreversibly locked into the realm of automobiles (Urry, 2004). Cars
have become deeply embedded in regulatory and other institutional sectors, as their
emergence gave birth to a variety of complementary industries, such as insurance, fuel
supply, parts and service provision, road building, transportation planning, and trucking (King
and Lyytinen, 2004). Moreover, given the variety of benefits associated with personally
owned and driven cars, including convenience, flexibility, comfort, speed, enjoyment,
freedom, and home-like security, it is not surprising that the automobile has become closely
intertwined with peoples’ lifestyles (Salon et al., 2000; Sheller, 2004; Urry, 2004).

However, this car culture (Sheller, 2004) is associated with an assortment of negative side
effects, including traffic congestion, air pollution, noise, accidents, exhaustion of natural
resources, and shortages of parking space (Mitchell et al., 2010; Prettenthaler and
Steininger, 1999; Urry, 2004; Willing et al., 2017). At the same time, modern cities are
growing in scope and population (Corbett and Mellouli, 2017), indicating that “the ongoing
urbanization trend will likely exacerbate urban mobility challenges in the near future” (Willing
et al., 2017, p. 173). To cope with these problems, prior research has reached a consensus
on the notion that incremental change is not enough; instead, discontinuous change is
needed (Geels, 2012; Nill and Kemp, 2009; Nykvist and Whitmarsh, 2008). However, Sheller
(2004) maintains, “Cars will not easily be given up just (!) because they are dangerous to
health and life, environmentally destructive, based on unsustainable energy consumption,
and damaging to public life and civic space. Too many people find them too comfortable,
enjoyable, exciting, even enthralling” (p. 236). Therefore, in aiming to achieve their
sustainable development goals (Corbett and Mellouli, 2017), governments worldwide make
enormous efforts to foster alternative and disruptive solutions, e.g., by modernizing public
transport systems, facilitating intermodal travel and green propulsion technologies, and in
some cases even entirely banning cars from cities. However, socio-technical circumstances
are often ignored and these initiatives have yet to gather enough momentum and force to
drive substantial change (Geels, 2012).

In addition to the increasing desire for solutions that cope with the mobility problems of our
time, there is another macro trend affecting the mobility sector at large: the ongoing diffusion
of digital technologies (Yoo, 2010), as described above. Accordingly, IS research has begun
to explore the emerging possibilities afforded by digital technologies and highlights their
important role in enabling and enhancing specific instances of disruptive business models,
such as carsharing (e.g., Bardhi and Eckhardt, 2012), bike sharing (e.g., Cohen and
Kietzmann, 2014), ride sharing (e.g., Teubner and Flath, 2015), electric mobility (e.g., Brandt
et al., 2012), and intermodal travel (Willing et al., 2017) — approaches that bear the potential
to drive a transformative change in the physical mobility system. In line with this research,
Remane et al. (2016a) focus on technology startups from the mobility sector to investigate
how the types of business models have changed due to the emergence of pervasive digital
technologies. Their findings reveal that the shares of contractors (e.g., limousine services)
and physical brokers (e.g., P2P carsharing) have increased significantly over the past
decade. All these examples create a vision of future mobility shaped by the consumer trends
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of sharing over owning, simplicity, eco-lifestyles, and personalization (Seeger and Bick,
2013). This outlook indicates that the dominant culture of automobility may be approaching a
tipping point — one that might even break the dominance of the personal vehicle in today’s
economy (Banister, 2008; Sheller, 2004; Urry, 2004). At the same time, we are witnessing
automotive manufacturers and other incumbent mobility firms shifting their interests towards
digital innovation (Yoo et al., 2012) to deliver digitally enhanced user experiences that
account for customers’ changed preferences and expectations (Lucas et al., 2013). For
instance, the integration of sensors, processing, and connectivity technologies has been
described as transforming cars into ubiquitous computing environments (Henfridsson and
Lindgren, 2005) that allow for the provision of various new applications, such as real-time
navigation, driver assistance, communication, and entertainment services (Hanelt et al.,
2015b; Yoo, 2010). Prior research has also highlighted the managerial challenges and
tensions that the paradigmatic change from physical to digital innovation implies for
incumbent mobility firms (e.g., Hanelt, 2016; Hylving et al., 2012; Piccinini et al., 2015a).
Summing up, existing literature has provided valuable insights that contribute to
understanding the digital transformation of the physical mobility sector by describing how
pervasive digital technologies impact specific instances or segments of this domain.
However, further conceptual and empirical research is needed to understand how
digitalization drives radical, systemic changes of the mobility sector at large (Yoo et al.,
2010Db).

Apart from that, another stream of research has applied a multi-level perspective to
understanding socio-technical changes within the mobility sector, as this lens “is particularly
useful to analyze long-term dynamics, shifts from one socio-technical system to another and
the co-evolution of technology and society.” (Geels, 2004, p. 897). For instance, Geels
(2005) uses the multi-level perspective to conceptualize the transition pathway from horse-
drawn carriages to automobiles, whereas Steinhilber et al. (2013) employs it to understand
the socio-technical inertia that can hinder the diffusion of electric vehicles. Kohler et al.
(2009) develop a transition model for assessing the possible pathways by which a transition
to a sustainable mobility society could happen. In the same vein, Spickermann et al. (2014)
apply the multi-level perspective to formulate a vision of urban mobility systems in Germany
for the year 2030 that is shaped by multimodal mobility behavior. Moreover, Nykvist and
Whitmarsh (2008) hint at the necessity of radical systemic innovation to cope with the variety
of today’s intractable mobility problems. Employing concepts from transition theory, they
present empirical indications of ongoing niche developments in areas of technological
change, modal shifts, and reduced travel demand within the UK and Sweden, which may
lead to a more environmentally friendly mobility future. Finally, Geels (2012) analyzes the co-
evolutionary and multi-dimensional interactions among industry, technology, markets, policy,
culture, and civil society on the pathway towards low-carbon transport systems. Although the
automobility regime still seems relatively stable, his work reveals signs of several cracks
appearing in its dominant design.

According to socio-technical transitions theory, transitions are about changes that occur on a
meso level of established socio-technical regimes (e.g., automobility) (Verbong and Geels,
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2010). Incumbent regimes are composed of a dominant set of closely intertwined
components (e.g., actors, infrastructures, technologies, markets, and user practices),
characterized by path dependencies and other lock-in effects and tending towards
incremental innovation along predictable trajectories (Geels, 2010, 2002). Radical, disruptive
innovations emerge at the micro level, where niche developments operate at the periphery,
away from the mainstream market (Nykvist and Whitmarsh, 2008). However, these niches,
i.e., new technologies and business models, find it difficult to break through unless general
external trends on a macro level — so-called landscape developments (e.g., economic
factors, wars, environmental problems, cultural values) — create pressure on prevailing socio-
technical regimes, leading to cracks and new windows of opportunity (Geels, 2002; Hodson
and Marvin, 2010). Once niche developments gain momentum and break into mass markets,
they possess the potential to become part of a new dominant socio-technical system or even
replace it (Carrillo-Hermosilla et al., 2010; Geels, 2004).

Niche developments are radical or disruptive in a sense that they provide the seeds for
systemic change by challenging basic assumptions of established regimes (Geels, 2004).
However, on taking a closer look at the most popular contemporary mobility niches, it
becomes obvious that most of them have existed for decades. For instance, the first electric
vehicle was pioneered in 1834, though, due to technical limitations and rapid advancements
of fuel-based propulsion techniques, electric mobility almost vanished from the scene for
over a century (Chan, 2007). Between 1990 and 1998, there was a brief spell of the zero-
emission vehicle in public and policy debates while General Motors and Toyota invented their
first series of electric vehicles. However, the hype flattened out again and this technology has
only recently enjoyed its revival (Geels, 2012). A similar picture can be observed with regard
to intermodal mobility, i.e., the combination of different modes of transportation in one
journey. While being possible in principle since the emergence of different modes of
transportation, most of the initiatives aimed at fostering its diffusion, including train—taxi
schemes, bus-rail and bike—rail integration, as well as intermodal ticketing, have failed or
remain almost negligible (Geels, 2012). Another popular example is carsharing, aimed at
granting its users temporary access to cars as an alternative to ownership (Bardhi and
Eckhardt, 2012). While in 1948 Seafage already established the first carsharing business
model in Europe (Harms and Truffer, 1998), it was some time until several other initiatives
arose and disappeared again in the 1970s and ‘80s (Shaheen et al., 1998). The lasting
success of this concept remained absent until recently (Bardhi and Eckhardt, 2012; Shaheen
and Cohen, 2007).

The nature of these niche developments can be described by drawing upon well-established
disruptive innovation literature (e.g., Christensen, 2006). Although they carry aspirations to
outperform established business models, disruptive innovations are typically disregarded by
incumbent firms due to their initially low performance in terms of market attributes valued by
mainstream customers (Christensen, 1997; Danneels, 2004; Kranz et al., 2016; Markides,
2006). This initial underperformance becomes obvious when looking at the case of
carsharing. In 1998, Shaheen et al. noted, “Virtually all existing carsharing programs and
businesses manage their services and operations manually. Users place a vehicle
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reservation in advance with a human operator, obtain their vehicle key through a self-service,
manually controlled key locker, and record their own mileage and usage data on forms that
are stored in the vehicles, key lockers, or both. As carsharing programs expand beyond 100
vehicles, manually operated systems become expensive and inconvenient, subject to
mistakes in reservations and billing, and vulnerable to vandalism and theft.” (Shaheen et al.,
1998, p. 36). Thus, compared to owning a car, traditional carsharing business models were
characterized by severe inconveniences and uncertainties for their users, while providers
faced immense efforts in managing their operations. However, carsharing and several other
niche innovations have started undergoing a massive upswing as “recent enhancements due
to improved information and communication technologies have made them possible at scale”
(Cohen and Kietzmann, 2014, p. 282). Hence, the increased connectivity enabled pervasive
digital technologies (Bharadwaj et al., 2013), and digital infrastructures (Tilson et al., 2010)
that “cut through existing physical and social infrastructures” (Yoo et al., 2010a, p. 638) seem
to fundamentally redefine the rules of the game. It becomes evident that Tilson et al.'s (2010)
definition of digitalization exactly corresponds to the characteristics of landscape
developments in socio-technical transitions theory in terms of determining the contextual
conditions under which actors and coalitions of actors operate (Spickermann et al., 2014)
while at the same time remaining beyond the control of individual actors (Geels, 2012).
However, despite having mentioned information technologies (Nykvist and Whitmarsh,
2008), pervasive technologies (Geels and Kemp, 2006), and ubiquitous computing (Geels,
2012) as one class of landscape developments, socio-technical transitions literature fails to
account for the specifics of digitalization as described above. Instead, these studies focus on
other major drivers for transitions, such as environmental problems and urbanization. As a
result, research still lacks a profound understanding of how the powerful affordances of
digital technologies and their exceptional traits contribute to changes in the mobility sector.

This cumulative thesis aims to address this important gap by studying the transformational
impacts of digital technologies on the socio-technical mobility landscape at large. Once
again, the business model concept seems to be particularly suited for studying this
relationship due to its boundary-spanning characteristics (Zott and Amit, 2010). As an
intermediating construct between the technology used and the fulfillment of a firm’s business
objectives (Al-Debei and Avison, 2010), the business model connects a firm’s offering “to the
elements and actors outside of the focal firm, which can be regarded as part of the current
socio-technical regime” (Bidmon and Knab, 2014, p. 4). Thus, business model innovation is
capable of capturing the actions that incumbent regime actors undertake to reorient
prevailing development trajectories (Verbong and Geels, 2010) and maintain their business
models’ relevance through innovation. Furthermore, it can encapsulate approaches to
improving value creation and capture in disruptive mobility business models and spreading
these solutions to a socio-technical system (Bidmon and Knab, 2014).
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B. Studies on Mobility Changes in the Digital Era

With the overarching aim of shedding light on the transformational impacts of digital
technologies on business models in the mobility sector, five individual studies were
conducted. These studies are presented in the following chapters, structured along the
research questions described in Section A.l.2.

Chapter B.I focuses on answering RQ1, concerning the role of digital technologies and the
associated digital eco-systems in the socio-technical transition towards future mobility. To do
so, Study 1 suggests a conceptual framework and theoretical propositions to explain this
phenomenon in general terms.

Building on these foundations, Chapter B.Il contains Study 2, offering a differentiated
understanding on the distinct mechanisms through which IS impact changes in firms’
business models. By doing so, it provides answers to RQ2, regarding the general roles of IS
in business model innovation.

Subsequently, Chapter B.lll presents Study 3, presenting empirical insights into how the
diffusion of digital technologies impacts business model innovations of incumbent mobility
firms, and thus providing answers to RQ3.

Chapter B.IV, encompassing Studies 4 and 5, focuses on answering RQ4, regarding the
potentials of digital technologies to improve the mechanisms of value creation and capture in
disruptive mobility business models. By doing so, this chapter provides insights on how
digital technologies improve the attractiveness of disruptive mobility business models for both
customers and providers.

It is important to note that inaccuracies and other minor errors appearing in the original
published versions of the research papers have been corrected.
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|. The Role of Digital Eco-Systems in the Socio-technical
Transition Towards Future Mobility

The focus of the first chapter is to relate the phenomenon of digitalization to the context of
everyday personal mobility. By adding the specifics of digitalization and the emergent digital
eco-systems (e.g., Tilson et al., 2010; Yoo, 2010; Yoo et al., 2010b) to the concepts of socio-
technical transitions theory (e.g., Geels, 2010; Hodson and Marvin, 2010; Verbong and
Geels, 2010), Study 1 presents a conceptual framework describing the impact of the diffusion
of digital technologies on the transition towards future mobility. The framework and
theoretical propositions derived provide a fundamental structure upon which the subsequent
empirical studies are based to provide deeper insights.
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1 Study 1: Towards Sustainable Mobility — Digital Eco-Systems
as Drivers of Disruptive Change
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Abstract

The quest for sustainability is one of the most demanding challenges
societies face today. As the mobility sector is among the main contributors
to environmental degradation, regulative institutions promote sustainable
technologies and modes of transportation, though they often ignore socio-
technical circumstances. In this conceptual paper, we draw on the
established socio-technical transitions theory to develop a multi-level
framework explaining the role of emerging digital eco-systems — comprising
digital technologies, relevant actors, and the relationships between them —
in the transition of mobility towards sustainability. Drawing on an analysis of
mobile applications for sustainable mobility, we illustrate our theoretical
propositions on how digital eco-systems transform and disrupt established
patterns for the benefit of smart sustainable solutions. For instance, the
ubiquity of broadband Internet in conjunction with the diffusion of mobile
devices and social media enables communication among distant actors,
thus reducing uncertainty and enhancing resilience of sustainable mobility
alternatives, such as peer-to-peer carsharing.
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1.1 Introduction

Environmental degradation is becoming an increasingly important challenge for today’s
societies (Nykvist and Whitmarsh, 2008). The quest for sustainability has become a global
struggle, essential for the survival of humankind on planet Earth. Governments worldwide
fight against air or water pollution by supporting the diffusion of sustainable technologies or
prohibiting practices that are harmful for the environment. Thus far, these initiatives have
produced mixed results, and substantial progress towards environmental sustainability is still
lacking (e.g., Steinhilber et al., 2013). To achieve significant improvements in the realm of
sustainability, discontinuous change is needed (Carrillo-Hermosilla et al., 2010).

Recently, such fundamental changes have been described using a multi-level perspective on
socio-technical transitions (e.g., Geels, 2012). According to the theory, transitional changes —
such as the change towards sustainable mobility — arise through a complex, non-linear
process. General developments (e.g., societal trends), called landscape developments, place
a previously dominant socio-technical system, called a regime (e.g., automobility), under
pressure. The resulting instability of the system gives niche developments (e.g., alternative
technologies) the chance to rise and become part of a new socio-technical regime (Geels,
2012).

Besides the increasing desire for environmental sustainability, there is another macro trend
affecting societies worldwide: The diffusion of digital technologies throughout more and more
aspects of everyday life (Yoo, 2010). Broadband Internet enables the real-time transmission
of data and information, making it accessible via mobile devices to almost everyone, almost
everywhere. This development changes the way we work, communicate, and live our lives as
a whole. Due to their innate properties, digital technologies bring along affordances that allow
for a greater variety in various contexts, e.g., adding digital features to physical products
(Selander et al., 2013). Moreover, their diffusion drives the emergence of digital eco-
systems, i.e., coopetitive digital “technology environment[s] in which symbiotic relationships
are formed to create mutual value for [their] members” (Selander et al., 2010, p. 2), in an
increasing variety of fields. These eco-systems enable connectivity across regional distances
and allow for real-time communication among actors (Vodanovich et al., 2010). By doing so,
new and fundamentally different procedures such as the shared use of resources become
more certain and reliable, in turn possibly mitigating barriers to adoption of alternative
behaviors and thus driving resilience.

Initial research has hinted at the potential of digital technologies for achieving increased
sustainability in multiple contexts. However, the mobility sector is particularly relevant
because it is among the main contributors to environmental degradation (Nykvist and
Whitmarsh, 2008). Consequently, enormous regulatory efforts have been made to foster
sustainable mobility by, e.g., supporting electric mobility (Steinhilber et al., 2013). Within the
field of mobility, the diffusion of digital technologies is clearly on the rise. The increased
connectivity through broadband Internet and thus global communication possibilities not only
allows for reduced travel needs (Nykvist and Whitmarsh, 2008), but also — more profoundly —
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drives the transition of the physical mobility system. With the increased dissemination of
digital mobile devices (e.g., smartphones), information about physical mobility options
becomes widely available and the communication and coordination of alternative and
sustainable modes of mobility (e.g., ride sharing) become enhanced (Banister, 2008).
Through these phenomena, a digital layer is added to the physical mobility infrastructure
(Hanelt et al., 2015b), allowing for information, interaction, coordination, and communication.
For instance, access to information about mobility services, as well as localization and
booking, is made much more convenient, thus fostering the resilience of individual
sustainable behavior.

In this paper, we aim to explore the role of emerging digital eco-systems in the transition
towards sustainable mobility. To do so, we draw on the established theory of socio-technical
transitions and relate it to the phenomenon driven by the diffusion of digital technologies.
Using this approach, we aim to shed light on the following research question:

What is the role of digital eco-systems in the socio-technical transition towards sustainable
mobility?

1.2 Related Work

1.2.1 Sustainable Mobility Developments

The reduction of CO, emissions constitutes a global matter and is addressed within multiple
domains. Considerable attention is placed on the mobility sector, where there exists
significant potential not only for the reduction of CO, emissions (Shaheen and Lipman, 2007)
but also in the prevention of noise emissions (D’Orey and Ferreira, 2014) by different means.
The transition towards more sustainable means of transportation can be achieved by
changing individual mobility behavior, sustainably improving transportation modes, or
providing sustainable modes of transportation.

The change towards sustainable mobility includes the minimization of motorized personal
transport and the shift towards different forms of shared mobility. These mobility alternatives
are characterized by their joint utilization resulting in lower emissions rates and ease the
overall traffic situation. The classic means of transportation, such as bus, train, metro, and
taxi in the public transportation domain as well as carpooling for work commuting, are
gradually being extended by carsharing and bike-sharing concepts as shared mobility
solutions. Baptista et al. (2014) demonstrated that a switch from private car ownership to
membership in a carsharing company can lead to a decrease of up to 50% in total mileage
and promotes biking or walking. Moreover, studies have shown that many car owners sell
their old, environmentally harmful cars after subscribing to a carsharing service (Baptista et
al., 2014).

Besides the development of new mobility concepts, business model innovations within the
mobility sector and technological advances in the automotive industry also act as substantial
drivers for sustainable mobility. The advent of electric vehicles (EVs) and hybrid electric
vehicles (HEVs) contributes to a more sustainable mobility landscape by avoiding the
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production of CO, emissions altogether. This applies just as well in the private sector, where
EVs substitute for conventional combustion-based vehicles (CVs), as it does for the
integration of EVs and HEVSs in carsharing initiatives on a larger scale (Lué et al., 2012).

In most cases, a single mobility alternative cannot compensate as a replacement for the
private car. For example, there might not be a bus or carsharing station near to the
commuter's home, workplace, or other points of interest. To overcome such drawbacks
within the public transportation infrastructure, the trend is moving towards the full integration
of all municipal, urban, and inter-city mobility forms within an intermodal transportation
concept. The goal of this approach is to offer seamless transportation affecting different
dimensions (Feng, 2014). The concept aims to connect various mobility forms into one
collective commute, allowing for door-to-door mobility. This includes aggregating all
information relevant to the travel endeavor and the integrating various services involved in
the travel process, such as ticketing, billing, and payment (Spickermann et al., 2014), to
reduce travel time and increase comfort.

Urban mobility planning thus constitutes a complex field in which the integration of feedback
from citizens and stakeholders during the design process is necessary to develop an
improved transportation infrastructure (Nasrudin et al., 2014). This also applies to the
implementation of information systems (IS) for supporting transitions in mobility behavior
(Gabrielli et al., 2014). However, from a socio-technical perspective, new technologies
cannot easily be introduced and established in the prevailing regime because the respective
components, e.g., infrastructure, technologies, and user practices, are strongly linked and
difficult to break (Hodson and Marvin, 2010).

Despite the variety of technological innovations, individual factors influence the transition
towards transportation alternatives. Personal mobility habits, attitudes, and expectations
concerning the different modes of mobility play a major role in the decision process for a
change of the prevailing mobility behavior (Nasrudin et al., 2014). Sole awareness of the
negative implications of one’s individual mobility behavior is not sufficient to overcome the
individual barriers that lead people to decide against using public transportation, the most
predominant of which are the additional effort required and loss of flexibility (Nasrudin et al.,
2014). Therefore, measures must be taken to influence and support the user in the transition
towards the use of transportation alternatives by improving crucial factors such as comfort,
reliability, and timeliness, thus reducing the obstruction of mobility behavior changes (Heath
and Gifford, 2002). In this context, IS can provide fundamental supportive contributions to
address such aspects and trigger mobility behavior transitions (Ben-Elia et al., 2013).

1.2.2 Digital Technologies and Digital Eco-Systems

Digital technologies, “viewed as combinations of information, computing, communication, and
connectivity technologies” (Bharadwaj et al., 2013, p. 471), have an increasing influence on
our daily lives (Yoo, 2010). Entire industries are becoming radically transformed; industrial-
aged products such as cameras (e.g., Lucas and Goh, 2009), phones (e.g., Selander et al.,
2010), and cars (e.g., King and Lyytinen, 2004) are equipped with digital capabilities, thus
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enabling the adaptation of existing as well as the creation of completely new business
models (Hanelt et al., 2015a; Yoo et al., 2012, 2010b).

These digital technologies are not just transforming entire industries, but also our society as
a whole. Junglas and Watson (2006) identified four main drives pushing the transformation of
the physical world into a digitalized world. First, there is ubiquity: Massive expansions of
broadband networks and the appearance of mobile devices such as smartphones enable
people to gain “access to information unconstrained by time and space” (Junglas and
Watson, 2006, p. 578). Second, uniqueness means that persons or entities can be identified
precisely and unambiguously as they have their own unique addresses (e.g., phone number)
(Junglas and Watson, 2006). Third, universality refers to the universal usability and multi-
functionality of digital technologies in order to “overcome the friction of information systems’
incompatibilities” (Junglas and Watson, 2006, p. 580). Fourth, unison deals with the
integration of data and its consistency across various applications and devices — not just on
an individual level (i.e., synchronizing emails between different devices) but also to embrace
cooperating groups or institutions (Junglas and Watson, 2006).

Digital technologies differ inherently from previous technologies and exhibit three essential
properties. First, they demonstrate reprogrammability, meaning that the physical embodiment
(i.e., hardware) is separate from the semiotic function logic (i.e., software), the latter of which
is modifiable throughout its lifecycle (Yoo et al.,, 2010b). Second, data homogenization
implies that they use the same infrastructure (i.e., devices and networks) for storing,
transmitting, processing, and displaying digital contents. The third property is self-reference:
digital technologies are the prerequisite for digital innovation (Yoo et al., 2010b).

Traditional, physical products rely on a modular architecture with components derived from a
single functional design hierarchy separated by standardized interfaces and having fixed
product boundaries (Lusch and Nambisan, 2015; Ulrich, 1995). In contrast, digital
technologies build upon a layered architecture with the various components not bounded by
a single product, as each layer relates to a different design hierarchy (Lusch and Nambisan,
2015; Yoo et al., 2010b). The layered architecture consists of four layers: devices, networks,
services, and contents (Yoo et al., 2010b). The device layer comprises the physical
components along with their logical capabilities (e.g., a smartphone including hardware and
operating system). The network layer encompasses the physical transport (e.g., transmitters
and broadband networks) as well as the logical transmission (e.g., communication protocols)
and processes the data to the service layer (Hylving and Schultze, 2013). Within the service
layer, application functionality is provided to directly serve the user (e.g., a camera app),
whereas the contents layer includes the relevant outputs (e.g., media such as images or
videos) as well as corresponding metadata (e.g., information on date and picture settings).

Due to these distinct characteristics, the traditional innovation logic is transformed when
digital technologies are involved, as cross-boundary interrelations emerge and result in novel
and complex eco-systems (Selander et al., 2013; Yoo et al., 2010b). Eco-systems can be
described as contexts “in which the success of a value proposition depends on creating an
alignment of partners who must work together in order to transform a winning idea to a
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market success” (Adner, 2012, p. 4). Yoo et al. (2012) maintained that the formation of a
digital technology platform is one of the most fundamental elements for developing a new
digital eco-system. Such a platform can be described as “a building block, providing an
essential function to a technological system — which acts as a foundation upon which other
firms can develop complementary products, technologies or services” (Gawer, 2009, p. 2).
Therefore, a digital eco-system relies on loose and partially temporary couplings across the
layers and an increased dependence on open innovation and third-party developers
(Selander et al., 2010). Due to the layered architecture of digital technologies, actors and
technologies within this eco-system are distributed over the different layers of devices,
networks, services, and contents (Yoo et al., 2010b). Thus, innovation in these eco-systems
implies openness towards diverse actors and the integration of heterogeneous knowledge
(Yoo et al., 2012). Due to their reprogrammability, functions can be changed or added to
already existing products, thus digital innovations become generative (Yoo et al., 2012,
Zittrain, 2006). Convergence can be achieved in various ways, with digital technologies
bringing together previously separated products, i.e., embedding digital technologies into
physical products, industries, and users (Yoo et al.,, 2012). The latter reveals another
anomaly of digital technologies, particularly mobile devices. Due to their small size and
weight, they are a constant companion and not only change the actions of users but also
serve as communication gateways by allowing people to communicate and interact with
others, thus becoming part of the digital eco-system.

1.2.3 Socio-Technical Transitions Theory

A socio-technical system is composed of various elements, such as technologies, actors,
infrastructures, and networks, as well as the business models connecting the different
elements (Bidmon and Knab, 2014) and the relationships among them necessary to fulfill
societal functions (Geels, 2005). They are created and sustained by underlying rules
followed by the different societal groups, thus contributing to a relatively stable construct and
dominant mindset. Accordingly, substantial changes to these established regimes happen
rarely. Instead, actors within the existing socio-technical systems are more interested in
further optimizing the given system and therefore mainly engage in incremental innovations,
which do not change the underlying core logic (Geels, 2005). This can be described as
reproduction of the current system (Geels and Kemp, 2006).

More profound changes to the established systems can be categorized into two different
types: transformation and transition (Geels and Kemp, 2006). These changes rely on
interactions of the socio-technical regime (a sector comprises multiple regimes, e.g., bus,
train, and automobility in the mobility sector) with two other conceptual levels, between which
the regime is nested on a meso level (Nykvist and Whitmarsh, 2008). Above all regimes, on
the macro level, reside landscape developments, which can be described as broad societal
trends, general assumptions, political directions, etc. On the micro level, there are niches,
which include “new technologies, institutions, markets, lifestyles and cultural elements and
consists of networks of actors/organisations” (Nykvist and Whitmarsh, 2008, p. 1374) and
where fundamentally different innovations emerge (Geels, 2005). Together, the three
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concepts — landscape, regime, and niches — form a multi-level system that can explain
fundamental changes, depicted in Figure B-1.

Increasing
structuration Landscape
of activities

in local practices

Patchwork
of Regimes

Niches
(novelty)

Figure B-1. Multiple levels as a nested hierarchy (Geels, 2005)

When landscape developments, such as changed political directions, place the previously
dominant regimes under pressure, established actors realize that profound changes are
necessary. They therefore react by driving changes and adapting the established systems in
order to stay relevant under the new circumstances as new actors from outside the system
threaten their legitimacy. As a result, the regime changes radically, but the actors and
elements remain largely the same (Geels and Kemp, 2006).

However, when adaptation and reorientation are difficult to reach, tensions and instability in
the given system increase. As a result, the incumbent actors may fail to adapt to the new
circumstances. This instability can be advantageous for outsiders who develop discontinuous
innovations that may fit the changed realities and solve the existing systems. With such
developments, a new regime with new technologies, actors, and structures can evolve and
achieve dominance. This process is called transition (Geels and Kemp, 2006).

Prior research has applied the multi-level perspective on socio-technical transitions to
various contexts. A first set of studies has used it to predict and assess future developments.
For instance, Verbong and Geels (2010) employed the perspective to analyze sustainability
transitions in the electricity system and derive several possible future pathways, while
Hodson and Marvin (2010) used the multi-level perspective to examine the ongoing and
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future transformation of cities. Furthermore, Steinhilber et al. (2013) applied it to investigate
barriers to the diffusion of EVs. In contrast, another stream of studies has focused on using
the theory to explain technological transitions in the past. Geels and Kemp (2006) described
the transition from cesspools to integrated sewer systems and the transformation in waste
management.

Moreover, the concept was also applied substantially to the mobility and transport sector.
Kdhler et al. (2009) use the transition perspective to guide their empirical investigation and
simulation of the future development of different propulsion technologies. While doing so,
they account for the current regimes and possible landscape developments. They conclude
that “technological transitions are most likely. Lifestyle change transitions require sustained
pressure from the environment on society and behavioural change from consumers” (Kohler
et al., 2009, p. 2994). Geels (2012) employed the socio-technical approach as a framework
for a profound analysis of the transition towards low-carbon transport systems and
determines that although the automobile regime is still dominant, it is becoming increasingly
unstable because of such developments as regulation initiatives. Several niches, e.g., green
propulsion technology, are on the rise but not yet ready to take over. Finally, drawing on
concepts from the transitions literature, Nykvist and Whitmarsh (2008) conceptualized and
empirically investigate possible transitions towards sustainable mobility through technological
change, modal shift, and reduced travel demand for the cases of Sweden and the UK. The
authors describe “information technology as a driver in all three areas of innovation” (Nykvist
and Whitmarsh, 2008, p. 1373).

1.3 Towards a Theory of Socio-Technical Transitions Through Emerging
Digital Eco-Systems

In the following section, we will relate the phenomenon of emerging digital eco-systems to
the multi-level theoretical perspective of socio-technical transitions and derive theoretical
propositions.

Proposition I: The increased diffusion of digital technologies can be viewed as a
landscape development affecting various established socio-technical regimes.

The macro level of the multi-level perspective on socio-technical transition is the landscape
level and describes “the broader ‘conditions’, ‘environment’ and ‘pressures’ for transitions”
(Hodson and Marvin, 2010, p. 479). Landscape developments “refer to aspects of the
exogenous environment that [are] beyond the direct influence of actors” (Geels and Kemp,
2006, p. 4). Geels and Kemp (2006) explicitly mentioned pervasive technologies that affect
societies as a whole as an instance of landscape developments. This characterization is
representative of digital technologies, as prior research has described how digital
technologies are entering more and more aspects of daily life. Yoo (2010) provided several
examples from diverse contexts (e.g., entertainment, personal mobility) to illustrate how
digital technologies increasingly become part of everyday experiences: “Every way we turn,
we see information technology. Everywhere we go, we are constantly surrounded by
computers. We use them when we talk, listen to music, drive our cars, and take pictures. T-
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shirts and jeans that come with radio frequency identification (RFID) tags remind us that our
everyday life is fully saturated with advanced information technology” (Yoo, 2010, p. 214).
This phenomenon has been examined in the IS research community under the theme of
ubiquitous IS, enabling a continuous use of applications that “impact all facets and phases of
human living” (Vodanovich et al., 2010, p. 713). As humans are part of every socio-technical
system, the increased diffusion of digital consumer technologies in the private lives of these
individuals also drives their relevance in the respective socio-technical regimes in which they
are involved (Gregory et al., 2014). To sum up, the emergence of digital technologies is a
sound phenomenon that is independent from single firms, institutions, or sectors. Even if it
were desirable, single actors could not stop or control the development of digital technology,
due to their diversity and ubiquity.

Proposition II: The increased diffusion of digital technologies transforms existing
socio-technical regimes through the formation of digital eco-systems.

The transformational change of established socio-technical systems involves a reorientation
of the development path (Geels and Kemp, 2006). Geels and Kemp (2006) explained that
“[tIhis happens through a change in the regime rules that coordinate actions of regime actors,
e.g. changes in technical problem agendas, visions, goals and guiding principles, relative
costs and incentive structures, regulations and perceptions of opportunities” (p. 7). These
effects can arise through digital technology diffusion via, e.g., a transfer of expectations
stemming from experiences with digital consumer technologies made in the private sphere
(e.g., in personal communication) to other (business) contexts (Gregory et al., 2014).

As described above, digital technologies follow a different architecture than most prior
products, such as industrial ones. They comprise a layered architecture involving device,
network, service, and content layers (Yoo et al., 2010b). By entangling digital technologies
with existing products or infrastructures (Yoo et al., 2012), this interwoven setup leads to the
creation of digital eco-systems composed of different technologies and networks that are
used in combination by different actors for various purposes and thus indeed bring along new
rules for the participant actors (EI Sawy and Pereira, 2013). While in the past there was a
clear distinction between cooperation and competition, in the digital space there emerges an
increased interdependence of a variety of actors, such as device manufacturers, service
providers, and content providers, who may at the same time be viewed as rivals.
Furthermore, changing rules manifest themselves in the relationships between actors and
are transformed in such a way that results in customers being more informed, feeling more
empowered, and wanting to be treated as partners and value co-creators instead of buyers
(Lucas et al., 2013; Piccinini et al., 2015b). Moreover, communication is synchronized more
and more, making interaction and information much faster and available almost everywhere
(Vodanovich et al., 2010).

Another indicator for the transformation is the advent of outside players trying to enter the
existing regime, although at this point it is not about the total displacement of established
actors and technologies. This aspect also comes along with digital technologies as players
from the digital space, such as Google or Apple, invade more and more contexts, including

37

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



B.l.1 — Study 1: Towards Sustainable Mobility — Digital Eco-Systems as Drivers of Disruptive
Change

retail, mobility, and music. Incumbents typically react to these developments by adapting to
the new circumstances, as the core logic and thus their dominant positions are not
endangered. To reproduce the system, they must make adaptations, as exhibited by the
growing number of industrial players cooperating with digital entrants or enriching their
products with additional digital features.

Proposition Ill: Digital eco-systems give rise to fundamentally different niche
developments.

According to socio-technical transitions theory, when the pressure from the landscape level
is strong enough, it destabilizes the regime level. The incumbents within the regime might not
be able to adapt the system beyond a certain degree due to, e.g., path dependencies or
organizational inertia. This creates windows of opportunity for niche developments to break
through (Geels and Kemp, 2006). Due to the emergence of digital technologies and the
resulting eco-systems, business models (drawing on alternative technologies or solutions)
that have the potential to replace previously dominant ones can be promoted. EI Sawy and
Perreira (2013) pointed out that in digital eco-systems “technologies and services rapidly
become obsolete” (p. 2). As described by Lucas et al. (2013), media, entertainment, and
telecommunications industries have undergone severe shifts driven by digital eco-systems.
For instance, the spread of the Internet has led to phenomena such as file sharing, which
endangered the existing regimes and their established mechanisms. Into this phase of
uncertainty came players such as Apple that introduced an entirely new way of distributing
music with their portable devices and the respective associated platforms that disrupted prior
existing structures and supported entirely new use patterns (Yoo, 2010).

What becomes apparent is that niche developments that eventually change the previously
dominant system are not necessarily an entirely new technology and do not necessarily
include the best possible technological features. Instead, the fit with the emerged digital eco-
system and the resulting possibilities of combinatorial innovations (Yoo et al.,, 2012),
incorporated in a viable business model (Bidmon and Knab, 2014) determine the rise and fall
of new solutions. Another instance, described by Lucas and Goh (2009), is the fundamental
transition in the photography industry stemming from the “digital camera combined with
information and communications technologies (ICT), specifically the capabilities of the
computer to store and display photographs, and the Internet to transmit them” (Lucas and
Goh, 2009, p. 46).

Proposition IV: New socio-technical regimes driven by digital eco-systems are open,
turbulent, and coopetitive.

At the end of the socio-technical transition as described by prior research, new socio-
technical regimes are reached and “a new period of dynamic stability and reproduction sets
in” (Geels and Kemp, 2006, p. 7). However, if the transition was driven by digital eco-
systems, it must be doubted that this is really the case, as these digital eco-systems create
regimes that have distinct characteristics making them fundamentally different from most
previously existing systems. Due to their nature, digital technologies “provide an environment
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of open and flexible affordances that are used in creating innovations characterized by
convergence and generativity” (Yoo et al., 2012, p. 1398). The layered architecture of digital
technologies results in products and solutions that remain open for adjustments, variations,
and reconfigurations even after their implementation. Moreover, several new developments
may start on the basis of the implemented digital technologies (Yoo et al., 2010b). The same
applies to the set of actors, as the digital eco-systems are open for new participants from
previously distant areas.

In contrast to the cases that have been described in the literature on socio-technical
transitions, the new dominant socio-technical regimes that build upon digital technologies
follow a different logic: They do not account for a given and defined set of actors and
technologies and do not form a closed system but are rather designed as open. Thus, prior
dominant solutions must not necessarily disappear completely but are being surrounded by
more and more alternatives that use the possibilities to create and capture value afforded by
digital technologies and thus follow different rules. Hence, actors from previously dominant
regimes need to understand contradictory logics at once. Furthermore, the new regimes are
not stable or dynamically stable but are in constant fluidity and “can never be expected to
revert to any kind of ‘equilibrium’ after disruptions change things; turbulence implies that
cause-and-effect may cascade in unpredictable ways to alter the structure or health of the
eco-system, or end it entirely” (EI Sawy and Pereira, 2013, p. 2). Moreover, the stereotype
roles that have been formulated in socio-technical transitions theory (concerning incumbents
and outsiders) do not hold true, as new participants enter the open systems and cooperation
with competitors and vice versa is a regular phenomenon (Selander et al., 2010).

Because of the openness of emerging systems and the properties of digital technologies, the
direction and logic of innovation is non-linear and rather unpredictable. As a result, a
differentiation and diversification of regimes as well as a convergence of prior unconnected
ones is likely to occur (Selander et al.,, 2013). Yoo et al. (2012) describe that this
convergence comprises three aspects: the combination of previously unconnected user
experiences, the embedding of digital technologies in smart physical products, and the
convergence of previously separate industries. Altogether, these developments lead to an
approximating and convergence of regimes and sectors that have been regarded as closed
and separated in prior theory on socio-technical transitions. They are increasingly connected
by digital eco-systems, which, e.g., include increasingly global communication infrastructures
such as the Internet. Figure B-2 depicts our line of reasoning.
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1.4 lllustrative Case: Mobile Applications for Sustainable Mobility

In the following section, we illustrate our theoretical propositions from the prior section for the
case of the socio-technical transition of physical mobility towards sustainability via mobile
applications. We selected this case because mobile devices and the respective applications
enable information, communication, and interaction on the go and thus have a logical
connection to the topic of physical mobility.

To illustrate our propositions in this context, we performed an analysis of mobile applications
for sustainable mobility. The database for the analysis was collected through an explorative
research of the Google Play Store by using the search string “sustainable mobility” to find
suitable applications. There are various terms describing the concept of physical movement,
e.g., mobility, transport, or transportation; although according to Gudmundsson (2003) they
can be regarded as equivalents, “mobility is a broader concept than transport” (p. 199). Since
the aim of this analysis is the demonstration of solutions in a representative manner, we did
not perform an exhaustive search of mobile applications using multiple terms. Instead, we
decided to use the established term “sustainable mobility” (Gudmundsson, 2003). The
search was conducted by querying the Google Web search engine instead of the Google
Play Store, because the Play Store only returns a limited number of results. The search
string “sustainable mobility” was entered in the search field with the extension
“inurl:play.google.com”. Furthermore, the parameter “filter=0" was added to the address bar
of the results to retrieve the full list of results. Applications that were listed as similar
applications were also considered, in the style of a forward search within literature analysis.
The whole process of identifying suitable mobile applications was carried out by three
authors separately. Afterwards, the resulting lists were merged by the application id, and in
the case of different assignments, the specific application was discussed in detail by all
authors until a consensus was reached. The final list comprises 186 relevant applications
contributing to sustainable mobility. In the following sections, we match these application
fields to the theoretical propositions.

Mobile applications as part of a landscape development.

Mobile devices as well as their respective applications are an instance of the diffusion of
digital technologies affecting various established socio-technical regimes. Countless mobile
applications have been developed, and the respective use cases cover nearly every aspect
of life. Players such as Google have set up open platforms (i.e., Google Play Store) that
allow almost anyone to obtain applications for nearly every purpose and area of life.
Following the characteristics of the layered architecture of digital technology, various players
— including device manufacturers such as Samsung, LG, or HTC and mobile service and
content providers — work together, implicitly or explicitly, to create generative and convergent
innovations, affecting a myriad of fields of applications. Thus, the phenomenon is beyond the
control of single regime actors.

Our analysis of existing apps for sustainable mobility revealed an enormous quantity and
variety of instances, affecting various different modes of transportation and thus different
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regimes, e.g., car-, train-, or bus-related mobility. Moreover, we found that the mobile
applications were developed by a very heterogeneous set of actors stemming from both
inside and outside of the existing systems.

After having identified relevant applications, they were categorized according to the following
procedure: The final list of 186 applications was analyzed by two authors, who categorized
the applications based on their functionality. Again, the results of the two researchers were
merged and compared. The third author acted as a judge when a classification of one of the
authors was unclear. The results of the classification are illustrated in Table B-2 with the
identified categories and the respective number of applications that were assigned to the
particular category. Furthermore, the table includes the weighted average rating as well as
the number of ratings and downloads. Because the Google Play Store provides only ranges
for the number of downloads, we used the arithmetic mean for each application and
computed a weighted average value for each category. The resulting categorization relies on
a broader, abstract level and helps us assess how physical mobility is changed by digital
technologies in general. Although both the average ratings as well as the number of ratings
and downloads do not provide detailed information on actual use, these numbers can be
seen as indicators for the frequency of use and the application’s performance from a user’s
perspective.

Table B-2. Results of the analysis of mobile applications

Categories 2‘;&22&3;3 Average ratings Number of ratings ngVTIEIE;SL

Entertainment 6 3.92 2,299 55,800
Informative 18 3.89 2,575 26,249
Shared-use services 71 4.19 74,233 82,436
Eco-friendly technologies 49 4.27 1,773 3,593
Human-based 42 3.84 5,360 32,670

e The entertainment category primarily includes applications that playfully enable the
user to simulate sustainable mobility behavior with an educational character. They
provide feedback about the consequences of their behavior and promote sustainable
mobility concepts such as carpooling or taxi sharing.

e Informative applications encompass applications that contain articles or news about
sustainable mobility initiatives. Moreover, this category contains travel IS that inform
users about public transportation, such as buses, metros, or taxis. Although some of
these applications offer additional services such as billing and booking, here we focus
on the informative character of these applications (e.g., location of stations, departure
times, costs).

e Shared-use services comprise applications that allow users to locate, book, and
access shared services (commercial carsharing, private carsharing, bikesharing,
carpooling, etc.). In the context of private sharing options (e.g., carpooling), the core
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functionality is the opportunity to establish an ad hoc communication link to other
users and utilize the benefits of common origins and destinations. We deliberately
separate these services from public transportation (as a part of informative
applications) due to the individuality of the characteristics compared to mass
transportation.

e The eco-friendly technology category contains all forms of applications that support or
promote alternative technologies. This includes pure information about e-mobility
(environmental impacts, benefits, and even a simulation of EVs for CV owners) as
well as information and services regarding charging infrastructure.

¢ Human-based applications aim to influence user mobility behavior by monitoring their
mobility habits and providing feedback based on the recorded data. These
applications mainly calculate CO, emissions caused by certain trips and display the
negative environmental impacts. The goal is to raise awareness in the context of
mobility in an educational manner.

Transformation of established mobility regimes by emerging digital eco-systems.

The formation of digital eco-systems becomes obvious when looking at the applications for
sustainable mobility. These eco-systems include actors such as mobile device
manufacturers, network operators, and service or content providers, who bring along new
rules, e.g., real-time information and communication, which are already known from other
areas, such as the field of social media (Vodanovich et al., 2010). Incumbent actors react to
these new rules and start to transform the system towards the digital eco-systems. For
instance, automobile manufacturers design their in-car infotainment systems such that they
can communicate with consumer devices: a Bluetooth interface enables wireless linkage with
a smartphone to, e.g., use the hands-free car kit. Furthermore, car manufacturers offer
functionality to display e-mails or text messages from smartphones on the in-vehicle control
display. Thus, the trend is towards the integration of consumer devices into the vehicle,
which supports Proposition Il. Moreover, automotive manufacturers offer mobile applications
themselves, such as Volkswagen’s BlueMotion CHECK that tracks real-time driving profiles,
calculates usage-based potential CO, savings and the economic advantages of sustainable
drive trains, and informs the user about these technologies. There are also a variety of apps
that measure driving habits, provide informative analyses, and offer advice for enhancing fuel
efficiency and thus driving more sustainably by cutting down CO, emissions, e.g., KIA ECO-
DRIVE TUMBLE, EcoDrive for NISSAN, and VW Think Blue Trainer.

By doing so, the incumbents use the platforms, rules, and standards that digital players have
introduced. Moreover, they integrate them into their core offering, such as by transmitting
vehicle data (e.g., driving data or vehicle status) or remote control functionalities (e.g.,
wireless door and light control) into an app or displaying apps on the vehicle’s digital display.
However, these kinds of developments do not question the key principles of the automobile
industry.

[T

In this context, apps belonging to the categories “entertainment,” “informative,” and “human-
based” play a key role.
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Digital eco-systems give rise to alternative mobility technologies and modes.

Digital eco-systems promote a fundamentally different mobility behavior. The most obvious
form is the increased communication possibilities among geographically dispersed persons —
enabled by widespread broadband Internet; mobile devices; and such applications as Skype,
Facetime or WhatsApp — which reduce the need to travel. However, the impact of digital eco-
systems on actual physical mobility is more significant than just mobility avoidance (Nykvist
and Whitmarsh, 2008). There are numerous apps focusing on making alternative modes of
mobility more convenient by providing sound information on available possibilities and
offering reservation, booking, and payment; these belong to the categories “shared-use
services” and “eco-friendly technologies.” By doing so, apps such as BlaBlaCar drive the
attractiveness of shared forms of mobility. Carsharing is a sustainable form of transportation
that has been around for decades; various offerings arose and disappeared during the ‘70s
and ‘80s (Wagner and Shaheen, 1998). However, only progress in digital technologies and
the appearance of associated mobile applications (e.g., SOCAR, Bat Sharing, Zipcar, Catch-
Car) made these business models competitive by enabling a connection between vehicles,
service providers, and users (Hildebrandt et al., 2015). Digital technologies can greatly
enhance the attractiveness of such service-oriented business models by guaranteeing safety
and offering flexible and convenient access to the service (Hildebrandt et al., 2015).

Furthermore, the use of alternative technologies such as EVs is supported. There are various
apps, including LemNet, EV Stations Hawaii, ChargeJuice, and ChargeMap, that provide
information concerning charging stations. Other apps, such as EV Range Calculator, help to
reduce uncertainties and thus account for potential disadvantages such as range restrictions
or concerns about new infrastructure. Further, mobile applications offer interaction
functionalities with charging stations, allowing convenient access and automated accounting
of kWh charged; these include FullCharger, intercharge, and e-kWh.

Radically different regimes for future mobility emerge.

Finally, the new type of regimes emerging through digital eco-systems is becoming visible.
Apps such as MOLECULES and moovel, for instance, represent platforms that collect the
offerings of several forms of transportation, such as train, bus, taxi, and bike-/carsharing, and
then recommend the respective alternatives and combinations of them in a dynamic way
according to user preferences, traffic, etc. While MOLECULES was developed in the context
of a European research project in cooperation with the city administration and the
transportation authority of Berlin as well as a manufacturer from the automobile industry, the
developer of moovels (moovel GmbH) is a full subsidiary of an automobile manufacturer and
cooperates with several mobility service providers of different transportation alternatives. In
such a case, the previously separate regimes of, e.g., automobile, train, and bus become
increasingly connected through the facilitation of their combined use. However, the
diversification of the regimes requires incumbent actors to play different games at once, each
with its own rules, e.g., concerning cooperation. The case of moovel in particular illustrates
the coopetitive and differentiated nature of the emerging regime, as a car manufacturer —
whose business objective is car sales — cooperates with different transportation providers
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who are competitors in the mobility sector by providing alternatives for motorized individual
transport. Moreover, these apps are generally accessible to all existing and future suppliers
of mobility to provide their services, highlighting the openness of these intermodal solutions.

1.5 Discussion and Implications

The increasing pervasiveness of digital technologies is a worldwide phenomenon affecting
almost every aspect of human life. When digital technologies emerge, they do not occur in
isolation but rather, due to their innate properties, lead to the emergence of digital eco-
systems, comprising diverse IS, platforms, actors, and the relationships among them. These
eco-systems change how value is created and captured, i.e. business models, by altering the
rules of the game, including communication, cooperation, and competition, in the respective
socio-technical regimes in which they are nested. With our approach, we have highlighted
the importance of globally increasing the connectivity of more and more people in the sense
that the enhanced communication possibilities reduce the need to travel and lead to new
systems, which make individual sustainable behavior more reliable, comfortable, and
resilient.

In parallel, environmental degradation is another global phenomenon. Substantial efforts
have been made by policy makers, among others, to foster sustainable alternatives in
multiple fields. One of the most prominent sectors in the realm of sustainability transitions is
mobility. In this context, research has often described how socio-technical transitions lead to
fundamentally new dominant and more sustainable systems, such as those involving green
propulsion technologies.

In this conceptual paper, we have related both important global phenomena to each other
and focus on how the emerging digital eco-systems drive socio-technical transitions towards
increased sustainability. Drawing from insights of international high-quality literature from the
fields of IS, we included the specific effects that arise from the increasingly widespread
dissemination of digital technologies and the resulting digital eco-systems to the multi-level
perspective of socio-technical transitions theory. We propose that the diffusion of digital
technologies is a landscape development that places existing regimes under pressure. To
reproduce the existing socio-technical regime, participants of the regime react and adapt to
the emerging digital trends. However, when the pressure from the macro level continues to
grow and the digital aspects gain in importance, this creates windows of opportunity for new
technologies or concepts that fit with the emerged digital eco-system to take over and
constitute new socio-technical regimes. These new digitally driven systems differ not only in
the specific technologies and actors they involve but also in their characteristics, as they are
more open, turbulent, and diverse than previously existing ones.

By interlinking the two major phenomena, we contribute to related literature in the following
ways. First, we contribute to the literature on socio-technical transitions theory by adding the
specifics of digitalization to the multi-level perspective in a general way. As this phenomenon
is taking place globally and in almost every sector, the proposed effects can be of
explanatory value for socio-technical transitions in various contexts. In particular, we have
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highlighted the role of the fit of new technologies with digital eco-systems for their diffusion,
thus refining existing theory. Moreover, we extend the transition theory in the sense that the
regimes after the transition are not of the same type as the initial ones. Through digital
technologies, regimes are becoming more open, turbulent, and differentiated. There is not
one monolithic new regime, as suggested by prior works, but rather an interlocked network of
new regimes, thus driving the need for decision makers to understand and react to different
logics and requirements at once.

Second, we contribute to the literature on sustainable mobility developments as we add to
the ongoing discussions and investigations on, e.g., new propulsion technologies, the facet
of IS enhancing the attractiveness and thus diffusion of sustainable alternatives. As physical
and digital elements form new hybrid solutions, a phenomenon called digital innovation (Yoo
et al., 2010b), that can account for the respective purposes, a focus on single technologies is
not sufficient; it must be widened to include the relation of a technology to digital eco-
systems and a joint consideration of physical and digital to integrate the best out of both
worlds for new solutions.

Third, we contribute to the literature on digital technologies and transformations in the IS
research community by introducing a socio-technical perspective that allows for explaining
transitions resulting from the diffusion of digital technologies. Thus, a sound theoretical
foundation for the phenomenon is proposed, explaining the different impacts of digital
technologies. The multi-level perspective is of special interest for this research community as
there are, as we propose, effects on every single level that change existing systems,
particularly when they interact with each other. Moreover, it presents a new perspective on
how IS, via multi-level effects, can contribute to achieving more sustainable practices, such
as by giving rise to alternative technologies that fit the digital eco-systems.

In sum, by relating an established theoretical framework (the multi-level perspective on
socio-technical transitions) to an increasingly important development (the diffusion of digital
technologies) and applying it to an urgent global phenomenon (environmental sustainability),
we provide ample opportunity for future research. However, it must be noted that our work is
explorative, qualitative, and conceptual in nature. We call for future research to challenge
and test our assumptions and propositions, further differentiate our propositions through
deeper empirical investigations, and apply them to other contexts. Furthermore, we want to
motivate both future research as well as business practice to specifically account for and
make use of the opportunities that are provided by emerging digital eco-systems for creating
new sustainable systems for various societal tasks. The affordances of digital technologies
allow for creative and transformative developments. This potential must also be used for the
benefit of the environment and thus for human life on planet Earth.

However, the degree to which these opportunities exist and thus allow for transitional
developments differs among countries worldwide. Thus, the mechanisms described above
are sensitive to regional circumstances. For digital eco-systems for sustainable mobility to
emerge, there must be, e.g., a sufficient availability of the internet, modern vehicles that are
equipped with sensors and a big share of the population that can afford owning a smart
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mobile device. Research under the theme of digital divide has shown and investigated the
international inequalities concerning the diffusion of IS in general and mobile IS in specific
due to e.g., differences in wealth (see Stump et al., 2008).

Moreover, regardless of these economic or infrastructural circumstances, cultural differences
play a major role. Prior research has pointed at the fact that nations significantly differ with
respect to mobility culture (Nykvist and Whitmarsh, 2008). Here, cultural preferences for,
e.g., ownership, freedom, flexibility, speed or privacy might inhibit the adoption of alternative
mobility concepts like carsharing or intermodal solutions and, instead, reinforce individual
automobility. Besides, culture also matters regarding a regions’ ambition concerning
achieving environmental sustainability leading to variances in the “cultural sense of urgency
about climate change or higher fuel prices” (Geels, 2012, p. 477).

However, as our model shows, emerging digital eco-systems provide another way to
sustainable mobility by promoting the reliability and comfort of alternative mobility concepts,
thus driving the attractiveness for potential users. By mobile IS, the convenience and
resilience of sustainable mobility can be increased and thus lead to behavior changes.
However, not only might digital eco-systems help to mitigate adoption barriers, but they also
contribute change in the underlying cultural preferences since culture is an inherent element
of a socio-technical regime. The latter, according to our model, can be completely revised by
digital eco-systems. For instance, among others, Nykvist and Whitmarsh (2008) report a shift
concerning the iconic status of the car “with urban lifestyles less dependent on individual
transport, and in particular more closely aligned with ICT than with car ownership” (p. 1377).
Although to an internationally varying degree, digital technologies might thus support the
transition towards sustainable mobility.

Furthermore, the described effects of digital eco-systems might also be a chance for
developing countries. Even though advanced infrastructure might still be missing in these
areas, the progress in IS affords possibilities for an accelerated development. For instance,
“mobile holds the potential for developing nations to leapfrog technologically since they are
able to bypass the development of landline telephone systems” (Stump et al., 2008, p. 398).
The potential of transferring advanced technologies and concepts from developed countries
to developing ones in order to foster a more sustainable development path was described by
Krip et al. (2013) with reference to sustainable energy generation and consumption. By the
mechanism described above, the combination of digital technologies with sustainable
mobility alternatives, developing countries might also leapfrog in the sense that they skip the
unsustainable transportation development that developed countries experienced and thus
avoid the negative environmental consequences for the benefit of digitally supported
sustainable mobility.
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Il. The Distinct Roles of Information Systems in Business
Model Innovation

While the previous chapter provided a sound theoretical foundation for the transformational
impacts of digitalization on the mobility sector in general terms, the following chapter
employs the business model concept to structure the complex approaches in the digital era
(Veit et al.,, 2014). It provides differentiated insights on how the diffusion of digital
technologies affects changes in firms’ business models.

In general, the notion of digital technologies relates to a broad set of distinct technologies
(Bharadwaj et al., 2013) that have only recently begun to pervade the physical mobility
sector. Therefore, Study 2 employs a broader perspective by investigating the impact of IS
on business model innovation independent of a specific context. To capture this diversity and
provide an understanding of the distinct mechanisms through which IS impact firms’ business
model innovations, the study implements a rigorous taxonomy-building approach (Nickerson
et al., 2013) based on empirical research on IS-related business model innovation.
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Abstract

Business model innovations (BMIs) are one of the key activities
organizations must undertake to survive and thrive. As information systems
(IS) penetrate more and more aspects of life, they become an important
factor affecting both the process and the outcome of business model
innovations. The increased importance of IS in a growing number of
industries has led various researchers to focus on examining the role of IS
in innovation. However, these insights concentrate on process, product,
and service innovations, while business model innovations encompass
characteristics that are fundamentally different from these. Therefore, in
this paper we use a rigorous taxonomy-building approach to uncover the
distinct roles IS play in this important endeavour, employing a meta-
perspective and drawing from documented empirical research on business
model innovations. We found that IS act, first, as enablers of business
model innovation, second, as capabilities in the business model innovation
process, and third, as frames of reference for business model innovations.
Our findings indicate that IS are thus both operand and operant resources
in business model innovations. Hence, business managers must be aware
of all of these roles, as they could have transformative impacts in every
industry.
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1.1 Introduction

Since the beginning of the twenty-first century, researchers from various disciplines have
recognized that variances in such outcome variables as value creation, innovation, or firm
performance depend substantially on a firm’s business model (e.g., Chesbrough and
Rosenbloom, 2002). While fundamentals of the concept — e.g., definitions (e.g., Amit and
Zott, 2001), taxonomies (e.g., Rappa, 2004), descriptions (e.g., Bouwman et al., 2008), and
components (e.g., Hedman and Kalling, 2003) — have been described, there still exists a void
in the literature concerning the dynamics of business models (Burkhart et al., 2011).

Within the last 15 years, we have witnessed the rising importance of both the business model
concept for the information systems (IS) research domain as well as IS themselves for
innovating business models in business practice. The increasing penetration of IS into
everyday life (Yoo, 2010) has recently been reported to affect, explicitly or implicitly, business
models of various industries, including primarily physical ones. Moreover, as IS have made
their way into nearly every kind of business process, they are also an important factor in the
BMI process. Veit et al.’s (2014) recent categorization of IS research on business models
highlights these different aspects. According to the authors, prior research has dealt with a
wide array of 1S-related influences on business models, ranging from new business models
in IS industries (e.g., Bonaccorsi et al., 2006) and the transformative impact of IS innovations
on established business models (e.g., Lucas and Goh, 2009) to the role of IS as tools for the
management of business models (e.g., Bouwman et al., 2012). This spectrum indicates that
the role of IS in BMIs has been steadily enlarging and becoming more differentiated. The
impact of IS on business models is also currently debated in practitioner literature (e.qg.,
Casadesus-Masanell and Ricart, 2011; Porter and Heppelmann, 2014), highlighting the
importance of BMIs for today’s firms in leveraging the chances of emerging IS innovations:
“Unleashing digital value entails going beyond internal process automation to innovation of
all parts of the business model, while focusing on digital leadership. IT and information used
in new ways can radically change how businesses operate and win” (Aron, 2012, p. 1).

Prior research has made some progress in identifying and evaluating the role of IS in
product, process, and service innovations (e.g., Kleis et al., 2012). As Nambisan (2013)
points out, IS can be described as influencing, first, the innovation process and, second, the
innovation outcome; there have been empirical investigations proving the impact of IS on
both. Moreover, IS innovations have sometimes been categorized according to their impacts
on, e.g., business processes (e.g., Lyytinen and Rose, 2003). However, due to the
increasing pervasiveness of digital technologies, there has been a change in the role of IS in
innovations. While in the past IS enabled innovation or innovation processes in non-IS
contexts, IS themselves have now begun to trigger innovations by, e.g., creating digital
platforms that allow for new businesses (El Sawy and Pereira, 2013). Thus, IS no longer act
solely as operand resources that are used to innovate but can increasingly be considered as
operant resources that initiate product or service innovation (Nambisan, 2013).
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Despite the progress made in the field of IS in process, product, and service innovation,
research has neglected the specifics of BMI. The findings, categorizations, and roles that
have been uncovered in, e.g., the field of product innovations cannot simply be transferred to
the domain of BMI as it is a distinct field (e.g., Amit and Zott, 2012; Bucherer et al., 2012;
Fichman et al.,, 2014; Schneider and Spieth, 2013). The business model concept
encompasses not only the product/service offering, its financial foundations, and the
resources and activities involved in producing them but also the relationships with various
actors, such as customers and partner firms (Osterwalder et al., 2005). This complexity,
however, also bears great potential for firms: “[Clompetitors might find it more difficult to
imitate or replicate an entire novel activity system than a single novel product or process”
(Amit and Zott, 2012, p. 42). Because of these differential characteristics of the business
model concept, existing categorizations of the role of IS in product, process, and service
innovations might not apply precisely to the case of BMI.

In this paper we employ a rigorous taxonomy-building approach to derive a classification of
the different roles of IS in BMIs from empirical research. By doing so, we aim to collect
knowledge of in-depth investigations on single cases and provide aggregated insights into
the phenomenon of IS-driven BMI, thus using a meta-perspective. With this approach and
focus, we go beyond prior works that concentrate on the impact of single IS innovations on
business models (e.g., Kamoun, 2008) or generally classify the foci of research on business
models in the IS domain (e.g., Burkhart et al.,, 2011; Veit et al., 2014), thus enabling
substantial contributions for practice and research. The taxonomy’s purpose is to deliver a
standardized frame of reference for both audiences by providing ground for further
theorization about the enlarging role of IS in value creation while at the same time capturing
and supplying practitioners with a template for analyzing how IS can be used to keep their
business models relevant through innovation. In doing so, we provide insights on the
following research question:

What are the roles of IS in business model innovation?

The remainder of the paper is organized as follows. First, we lay out our theoretical
foundation by summing up prior I1S-related research on business models and the general role
of IS in innovation. Afterwards, we describe our methodological approach of taxonomy
building and present our results. Finally, we discuss the implications of our findings for both
future IS research and business practice.

1.2 Theoretical Background

1.2.1 Business Model Research

Al-Debei and Avison (2010) reveal that — due to the increased turbulence of the business
environment and the rapid pace of change — there is a growing gap between the relatively
stiff layer of business strategy and the increasingly dynamic layer of business processes as
well as the IS deployed within them. Hence, the authors describe the business model as an
intermediary construct connecting business strategy and business processes (Al-Debei and
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Avison, 2010). According to Teece (2010), a business model “defines how the enterprise
creates and delivers value to customers, and then converts payments received to profits”
(Teece, 2010, p. 173). Apart from idiosyncratic views on the concept, there is a broad
consensus that business models comprise interlocking components that together create and
deliver value (Burkhart et al., 2011). According to Al-Debei (2010), the four key elements of a
business model are (1) its value proposition (i.e., how a product/service creates value for
customers), (2) the value finance (cost structure and revenue stream), (3) the value network
(actors, channels, and relationships), and (4) the value architecture (technological and
organizational infrastructure).

The IS research community has a special relationship with the business model concept as its
increasing presence is closely connected with the emergence of such areas as e-business
(Amit and Zott, 2001). These IS-related industries, due to their fundamental differences from
traditional ones (Teece, 2010; Veit et al., 2014), have served as relevant contexts for
examining the role of the business model in, e.g., firm performance. Furthermore, with the
rising diffusion of IS throughout everyday life (Yoo, 2010), the impact of IS on existing
business models and the resulting transformative developments towards digital business
models have been observed in various industries (e.g., Kamoun, 2008). Finally, as IS have a
long history of improving business processes (e.g., Melville et al., 2004), they have also been
reported to serve as important tools in the process of BMI (e.g., Kijl and Boersma, 2010).
Summing up these effects, Veit et al. (2014) derive three areas of business model-related 1S
research: business models in IT industries, IT-enabled or digital business models, and IT
support for developing and managing business models.

The business model concept can be viewed from a static or dynamic perspective (Aspara et
al., 2011; Burkhart et al., 2011; Demil and Lecocq, 2010). The former deals with describing
or classifying business models, while the latter addresses the dynamics of business models
(e.g., Burkhart et al., 2011; Demil and Lecocq, 2010). Today, there is a broad consensus that
companies must change their business models to stay successful (Demil and Lecocq, 2010;
Wirtz et al., 2010).

BMI is thus a crucial task for today’s managers (Amit and Zott, 2012); it can be defined as
“the search for new business logics of the firm and new ways to create and capture value for
its stakeholders” (Casadesus-Masanell and Zhu, 2013, p. 464). Schneider and Spieth (2013),
after a concise literature review on the topic, identify three important streams of research.
The first deals with the prerequisites of BMIs. This includes studies that deal with the role of
managerial cognition (e.g., Aspara et al., 2011), organizational capabilities, or other factors
(e.g., organizational inertia) that drive or inhibit BMIs. The second stream of research on BMI
deals with the process itself and includes work that concerns exploring or describing the
phases of a developing business model (e.g., McGrath, 2010). Finally, the third research
stream, and also the least frequent, comprises works addressing the impact of BMIs on the
industry and the focal firm’s performance or capabilities (Schneider and Spieth, 2013).

Research on BMIs and IS has largely concentrated on the consequences of specific IS
innovations for business models. Wirtz et al. (2010) focus on the adaptations of business
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models that Internet firms must undertake due to the rise of Web 2.0 technologies. The
authors first define four types of Internet business models (content, commerce, context, and
connection), then derive the impact that certain empirically tested Web 2.0 factors (social
networking, interaction, user-added value, and customization) would have on them, and
finally advise how firms should adapt their current business models in order to stay
competitive. It turns out that the relevance of specific Web 2.0 trends differs greatly among
the distinct business model types, as do the implications for the necessary changes to be
conducted by management (Wirtz et al., 2010). Focusing on web technologies, Keller and
Husig (2009) analyze whether these innovative technologies are a disruptive threat to
incumbents’ business models in the business software industry. The authors use trajectory
maps, finding a minor disruptive threat to incumbent business models but sufficient entry
barriers to currently prevent entrants from invading the market. Moreover, the results reveal
that incumbents reacted in adapting business models by copying certain aspects of the
potential entrant’s offerings, e.g., integrating web technologies in their solutions (Keller and
Husig, 2009). Pateli and Giaglis (2005) examine the impact of mobile applications on existing
business model components in the exhibition industry. Based on related literature, the
authors derive a model for technology-induced business model change, including a
contingency approach for assessing several scenarios for incorporating a new technology,
and then apply it to the specific industry and technology context. It becomes clear that new
technology offers alternative ways to adapt established business models, each favored by
certain internal and external environmental factors (Pateli and Giaglis, 2005). Kamoun (2008)
explores the impact of RFID on several existing business models. By combining the potential
benefits of the technology on a component level with external developments, he presents the
possible impacts for different business models. Clemons (2009) discusses potential business
models for Internet applications other than advertising, describing the consequences of the
Internet for traditional advertising models and associated industries. It becomes clear that
incorporating the old business model of broadcast media advertising with the new technology
is not promising. Furthermore, the developments around the web also endanger the
traditional model because of changed user behaviors (Clemons, 2009). Dealing with the well-
known case of Kodak, Lucas and Goh (2009) demonstrate the disruptive impact of
information technology (IT) on business models. The emergence of digital photography
threatened the traditional and successful business model, but organizational factors such as
culture, structures, and managerial mindsets hindered a rapid response (Lucas and Goh,
2009). Finally, Juntunen et al. (2010) consider the technology of near-field communication
(NFC) for ticketing services. Focusing on the case of using NFC with smartphones for mobile
ticketing, the authors employ a literature review and expert interviews to systematically
analyze the business model for such a service and identify several critical requirements for
the successful deployment of the respective business model (Juntunen et al., 2010).

Apart from this, initial research has focused on the role of IS as tools in the BMI process.
Following a design-oriented approach, Kijl and Boersma (2010) develop a business model—
engineering tool that provides support for innovation-related aspects such as
experimentation or future scenario planning. The tool was deployed and evaluated in a single
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case study of an online investment research startup (Kijl and Boersma, 2010). Bouwman et
al. (2012) provide an overview of business model tools in the areas of roadmapping, stress
testing, agile development, and financial decision support. The authors present exemplary
tools for each area as well as illustrative cases for every tool. Their findings indicate that the
tools would assist in innovation processes by, e.g., reducing uncertainties. However, due to
the diversity and complexity of the business model concept, more research in this field is
necessary to evaluate the actual impact on, e.g., firm performance (Bouwman et al., 2012).

To sum up, much work has been conducted to describe new business models stemming
from various kinds of IS innovations or paradigms and how innovative developments in IS
have changed the rules in established markets. Moreover, important progress has been
made in describing the conceptual relation of IS and business models and systemizing
business model research in the IS community. However, to the best of our knowledge, there
is no comprehensive understanding from a meta-perspective — i.e., drawing on these
important insights from prior research — of the different roles IS play in BMIs. As it is clear
that IS have increased enormously in importance for BMIs in almost all contexts, even those
that were previously untouched by IS, a general framework describing the distinct roles and
their functioning, independent of specific technologies or paradigms, is needed in order to
systemize the phenomenon.

1.2.2 The Role of IS in Innovation

When reasoning about the role of IS in innovation, one can generally distinguish between its
impacts on the innovation outcome and the innovation process (Nambisan, 2013).
Concerning the latter, Kleis et al. (2012) describe three ways in which IS influences the
innovation process: First, it supports knowledge management around the innovation
initiative. Second, it provides important support functionalities with, e.g., computer-aided
design. Third, it facilitates inter-organizational collaboration in innovation processes (Kleis et
al., 2012). A number of studies have therefore examined the specific impact of IS on the
innovation process. For instance, Durmusoglu et al. (2011) investigate the impact of various
IS (e.g., web meetings, decision support systems, virtual prototyping) on the effectiveness
and efficiency of product-innovation processes. Their findings indicate that the actual
influence on performance measures depends on the respective innovation context (e.g., the
phases in which they are deployed) (Durmusoglu and Barczak, 2011). Barczak et al. (2008)
empirically investigate the influence of IT use on the success of new product developments
and find a positive (though context-sensitive) impact of IT use on the speed to market and
market performance (Barczak et al.,, 2008). Moreover, Banker et al. (2006) prove the
beneficial effect of collaboration software use on product design and development through
quality and cycle time improvements and cost reductions (Banker et al., 2006).

As these findings demonstrate, IS have been important for innovation processes since their
emergence in business contexts. Moreover, recent research has indicated that they will
become even more important in the future due to transformations in the innovation
processes. Fichmann et al. (2014) point out that “[d]espite the relative lack of attention, there
are good reasons to believe that innovation processes are indeed being transformed in many
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organizations, and that new IT is playing a critical role” (Fichman et al., 2014, p. 348). This
change goes hand in hand with the increased importance of the business model as a locus
of innovation. As Sandstrom and Bjork (2010) describe, innovation processes are evolving
towards open, discontinuous, and BMIs. Therefore, IS tools such as idea management
systems must also transform and account for the changing specifics of the innovation
processes (Sandstrém and Bjork, 2010). In contrast to solely product or service innovations,
the innovation process of business models can involve changes in components that go
beyond the core product or service, such as customer interfaces, partner networks, or
revenue models (e.g., Osterwalder et al., 2005). Therefore, BMI processes are often non-
linear and iterative (Bucherer et al., 2012). Schneider and Spieth (2013) explain that BMI
processes have been described as continuous and evolutionary endeavors that therefore
require ongoing learning, discovery-driven planning, and trial and error—based processes
rather than an analytical approach. The vast majority of prior research on IS and innovation
processes focuses on product or service innovations and thus does not account for these
specifics.

Research on the influence of IS on the outcome of innovation processes has mainly centered
on the direct impact of IS innovations. In this regard, the IS research community has
provided typologies that have been used to categorize IS innovations (e.g., Swanson, 1994).
Lyytinen and Rose (2003) describe three sets of innovation, categorizing IT innovations by
their technological or business process consequences. The first set, IT base, is rather
technically conceptualized and comprises new software and hardware. The aim of this type
of innovation is to increase technical, i.e., computational, capabilities. The second set,
system development, aims to make changes in the system development process through
either administrative or technological process innovations. The third set, services, describes
the outcome of these system development processes, leading to new solutions for both
internal (e.g., an accounting system) and external services (e.g., new customer-service
systems). In sum, the typology of Lyytinen and Rose (2003) categorizes IT innovations by
their technological or business process consequences (Lyytinen and Rose, 2003). The
aforementioned innovation types can be further related to the subcategories developed by
Swanson (1994). More recently, Nambisan (2013) describes four distinct roles of IT in
product/service innovations that can be defined according to the impact of IT (either on the
innovation process or on the innovation outcome) and IT’s role in the product/service
innovation (as either an operand or operant resource). As an operand, IT is described as a
direct input into either the innovation process (“digital tool as an innovation enabler”), e.g., by
delivering decision support in product innovation processes, or the innovation outcome
(“digital component as an innovation enabler”), e.g., by being an integral part of service
innovations. In contrast, IT as an operant resource is a rather new perspective that describes
IT as a trigger of innovation. With reference to the impact on the innovation process (“digital
tool as an innovation trigger”), digital technologies allow for novel processes and routines in
new product/service development. Concerning the outcome of the innovation process
(“digital component as an innovation trigger”), the characteristics and affordances of digital
technologies themselves lead to product/service innovation (Nambisan, 2013).
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It is apparent that much work has been conducted to investigate the role of IS in innovation
and that the role of IS seems to be enlarging and differentiating. However, existing insights
into the role and changing nature of IS apply only to process and/or product/service
innovations; they do not account for the specifics of business models. Due to the multi-
faceted nature of the concept described above, BMIs go beyond product/service or process
innovations and are thus a separate class of innovation (Fichman et al., 2014). As Bucherer
et al. (2012) point out, “[n]Jew business models are affecting organizations usually in a
broader manner and enforce organizational restructuring more often” (Bucherer et al., 2012,
p. 194). The examples in Section B.1.1.2.1 reveal that significant IS-related research has
been conducted on the impacts of specific IS innovations on particular business models.
However, what is still missing is a classification from a meta-perspective that allows one to
differentiate the distinct roles of IS and investigate the characteristics and impacts of these
roles.

1.3 Methodological Approach

To investigate the roles of IS in BMI, we conducted a two-stage research approach. First, we
carried out an extensive literature search process based on the guidelines published by
Cooper (1982) and vom Brocke et al. (2009). Second, we developed a taxonomy based on
Nickerson et al. (2013) to classify the different roles IS can take in the field of BMI.

Taxonomies are used in various domains in order to classify objects of interest into mutually
exclusive and collectively exhaustive sets or categories by means of classificatory schemes
(Doty and Glick, 1994), thus providing a foundation for structuring and organizing the
knowledge of a field (e.g., Glass and Vessey, 1995) and allowing researchers to study the
relationships among concepts (Nickerson et al., 2013). Furthermore, taxonomies can reduce
the complexity of reality, resulting from, e.g., the vast number of objects in a population, by
aggregating them based on underlying characteristics into socalled dimensions (Bailey,
1994). Finally, Williams et al. (2008) state that taxonomies can be used in the process of
theory development.

In business model research, taxonomies have been used in areas such as classifying e-
business models (Rappa, 2004) or proposing classification schemes for mobile business
models (Leem et al., 2004). Furthermore, taxonomies have been applied within the IS
domain to, e.g., analyze and classify mobile and pervasive applications (Dombroviak and
Ramnath, 2007), IS applications in general (Farbey et al., 1995), or software development
methods (Blum, 1994). However, drawing on a detailed analysis of literature using
taxonomies, Nickerson et al. (2010) state that the development of taxonomies has largely
followed an ad hoc approach. Many papers lack transparency concerning the taxonomy-
development method employed, and a formal procedure is not always used (Nickerson et al.,
2010).

Applying a holistic view of empirical research on BMI, we gauge the taxonomy development
approach as an appropriate means of capturing the complex interdependencies between 1S
and the concept of BMI from a meta-perspective.
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1.3.1 Literature Analysis

When investigating the phenomenon of BMI from an IS perspective, it must be made clear
that IS can affect the way in which business models are created or revised but do not
necessarily have to. Baden-Fuller and Haefliger (2013) point out that the business model
construct is inherently separable from technology. As such, a BMI could also take place as a
result of (external) environmental pressure, e.g., regulatory matters (e.g., Hall and Wagner,
2012). Based upon an initial exploratory and unsystematic literature analysis, we found that
BMI can be influenced by IS, though these are not the primary focus of the respective
research. Therefore, we did not limit our research by presuming an explicit IS focus
beforehand but applied a more generic approach by considering literature in the broader field
of BMI. Thus, the initial keywords were combinations of the term “business model” with
“innovation” and “design”. The search process encompassed titles, abstracts, and keywords.
Drawing on Webster and Watson (2002), the initial set of keywords was expanded in a
second step by reviewing the citations of our initial hits (backwards search). Because,
according to Cooper (1982), a literature review allows for evaluating the relevance of search
terms and revising the search strategy, the search terms “business model reconfiguration”
and “business model change” were added to the initial set.

We collected our data in May 2014 and based our search process on databases relevant to
the IS community (Knackstedt and Winkelmann, 2006). Furthermore, we added the AIS
Electronic Library. As research on business models and BMI is rooted in a variety of
research disciplines (Nemeth, 2011), we focused on multi-disciplinary databases for the
data-collection phase: ScienceDirect, ProQuest, Ebsco, Emerald, JSTOR, Wiley and AIS
Electronic Library.

As a result of the search process, 218 potentially relevant articles were identified. These
articles were then reviewed to assess their suitability for describing the phenomenon of BMI
through empirical research. Contributions of a purely conceptual nature were excluded, as
were articles that do not investigate the process of BMI. Applying these filters, 113
contributions were identified to be irrelevant for answering the research questions at hand.
We conducted an in-depth assessment of each of the remaining 105 research contributions
to determine whether their empirical results indicate that IS plays an essential role in BMI.
Subsequently, we concentrated on articles describing the process of BMI fostered by specific
types of IS in detail. Investigations characterizing this relationship too generally or abstractly
do not help us derive profound insights into the role of IS in this specific context. Applying
vom Brocke et al.’s (2009) claim for reliability and validity, relevant articles were analyzed by
at least two researchers, each writing down his individual interpretation of the relevant
aspects of IS usage. To assess interrater reliability, we compared the results and calculated
Cohen’s Kappa (1960). The resulting value of 0.91 indicates a good strength of agreement.
In case of non-agreement, the relevant article was discussed in detail until a consensus was
reached. Finally, we obtained a list of 21 papers to be included in our analysis. All remaining
articles derive insights on reality through empirical investigations, two of which are mixed
methods (qualitative and quantitative), while the rest are qualitative (mainly interviews or
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case studies). Empirical analyses are used not only for inductive reasoning but also in the
context of deductive or conceptual studies (Wilde and Hess, 2007). Therefore, empirical
research can be used for either theory verification or theory building (Flynn et al., 1990).
Accordingly, for each article we determined whether a conceptual approach was considered
in addition to the empiricism; this applies to 57.14% of our cases.

1.3.2 Taxonomy Development

According to Glass and Vessey (1995), developing a taxonomy involves three major
considerations. First, the purpose of a taxonomy must be defined as either specific or
general; while a specific taxonomy classifies distinct objects, a general taxonomy allows for a
broader use and generalization. As we aimed to investigate the roles of IS within the broad
field of BMI and derive universally valid insights, we chose a general approach. Second, the
operational description of dimensions and characteristics must be provided after the
taxonomy-development process (i.e., after all dimensions and characteristics of the
taxonomy have been determined) (see also Doty and Glick, 1994). The description is used
as a decision rule in order to assign objects to categories in a complete and unambiguous
manner (Glass and Vessey, 1995). Our qualitative description is provided below. Third, the
dimensions and characteristics for describing, differentiating, and classifying objects must be
defined. While Glass and Vessey (1995) themselves do not describe a structured approach
for achieving this, Nickerson et al. (2013) advances the most recent process of taxonomy
development. In contrast to Bailey (1994), who states that taxonomy development can be
based on an inductive, deductive, or intuitive (ad hoc) approach, Nickerson et al.’s (2013)
method uses an iterative development process, involving both conceptualization/deduction
and empiricism/induction. Figure B-3 visualizes all necessary steps.
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Figure B-3. Taxonomy development procedure (Nickerson et al., 2013, p. 345)

In a first step, and based on the aforementioned purpose of the taxonomy as well as its
target user group, the meta-characteristic must be defined. This is particularly important as
the meta-characteristic is a “comprehensive characteristic that will serve as the basis for the
choice of characteristics in the taxonomy” (Nickerson et al., 2013, p. 343), meaning that all
characteristics of a taxonomy should be a logical consequence of this meta-characteristic
(Nickerson et al., 2013). Our meta-characteristic is theory driven (see Section B.1.1.2.2)
because we aimed to capture the roles of IS in BMI with a holistic approach. In a next step,
we adopted the objective and subjective ending conditions suggested by Nickerson et al.
(2013) (see Appendix). The following iterative procedure ends when all ending conditions are
met. At each pass through, Nickerson et al.’s (2013) method allows to decide whether to use
a conceptual/deductive or an empirical/inductive approach. In each iteration process, three
articles were investigated by at least two researchers, discussing the specific 1S-driven
phenomenon of BMI in detail. For the first iteration process, the empirical-to-conceptual
approach was used to examine the first investigations in detail and base our taxonomy on
these findings. Accordingly, we distinguished between IS and non-IS industries, as various
industries are examined in our research articles. We further found that the BMI can be either
an add-on or a substitute, depending on its relation to the previous business model.
Moreover, we found that different components of the business model could be affected by
innovation and thus added these dimensions to our taxonomy. We followed the empirical-to-
conceptual approach again for the second and third iterations to get a clearer picture of the
phenomenon of our research. Hence, we recognized that the BMI can also result in a
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completely new business model where there previously was none. We also found that the
focus of BMI can rely either on IS (e.g., a new software tool) or on non-IS business models
(e.g., commercializing mechanical engineering products that are equipped with ICT
innovation) (e.g., Bjorkdahl, 2009).

For the next iteration, we used the conceptual-to-empirical approach, aiming to obtain a
different perspective on our objects and their characteristics. We determined that IS can lead
to BMI either directly or indirectly (Nambisan, 2013), with the latter describing a contextual
factor that fosters the BMI indirectly. In contrast, a direct influence can be characterized as a
trigger; in other words, the BMI would not take place if the specific IS would not exist.
Considering the type of influence, we were able to verify this differentiation by investigating
our objectives. Building on Nambisan (2013), another possible dimension to analyze is
whether IS are part of the innovation outcome itself or whether they influence the innovation
process (as described in Section B.Il.1.2.2). Because we did not find evidence of this
occurrence in our data, we were unable to incorporate this dimension to our taxonomy.
Therefore, we applied the conceptual-to-empirical approach for our fifth iteration process,
and finally identified instances of this differentiation in our objectives, as Bocken et al. (2013)
describe a software mapping tool that helps firms create value propositions better suited for
sustainability, referring to the process of BMI. In addition, we conducted two more iteration
processes applying the empirical-to-conceptual approach to analyze the remaining articles
but were unable to identify any new dimensions or characteristics. Having examined all
objects after the seventh iteration, all objective ending conditions were met, as were our
subjective ending conditions. The taxonomy is concise but robust as it contains enough
dimensions to differentiate between all phenomena of BMI but does not contain any
inconsequential ones. Thus, it is not susceptible to misclassification. Furthermore, the
taxonomy is extendible and explanatory, in that it can be extended by future researchers and
contains useful but non-redundant information on the objects. Finally, the taxonomy is
comprehensive as it contains our complete sample of articles that were identified during the
literature review.

1.4 Findings

141 Taxonomy

As pointed out in Section B.11.1.3.2, we matched our objectives in relation to industry context,
type of influence, focus of BMI, and locus of IS influence. Further, we analyzed the business
model components mainly affected (value proposition, value network, value architecture and
value finance) as well as the existence of a prior business model. For simplicity, Table B-4
does not display the columns affected and unaffected for the business model components.
However, in order to meet the mutually exclusive criterion of the taxonomy development
approach, we did differentiate between affected and unaffected while developing the
taxonomy, (Doty and Glick, 1994; Nickerson et al., 2013). Therefore, “x” indicates the
affected characteristic for each component and a missing “x” means unaffected. Table B-4
represents the final taxonomy containing all objects as well as the corresponding dimensions
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and characteristics. It appears that the phenomenon of 1S-driven BMI has been investigated
mainly in an IS industry context (14 out of 21 datasets). In most cases (17 out of 21), the
focus of BMI relies on IS — such as a new software tool, platform, or service — and the locus
of influence is an outcome itself rather than a process enhancement (17 out of 21). If a
business model existed before the 1S-driven BMI, this innovation can be either an add-on (11
of 21) or a substitute (6 of 21). A completely new business model was developed in 4 out of
21 cases. Furthermore, Table B-4 reveals that all business model components can be
affected by this innovation.
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1.4.2 The Roles of IS in Business Model Innovation

Providing a structured and holistic view of prior research describing the phenomenon of IS-
driven BMI for single instances or cases, the taxonomy allowed us to study the relationships
among relevant concepts (Nickerson et al., 2013). In order to achieve our goal of deriving
different roles of IS in BMIs, we, first, individually searched for patterns by analyzing the
similarities of the cases concerning the different taxonomy-categories. We thus tried to
create homogenous initial groups. Second, we, also separately, tried to subsume every
instance of the taxonomy under the groups and created a new one when necessary due to a
misfit with the existing groups. Third, our three individual lists were compared and discussed
until a consensus on the groups (now representing the subcategories in Table B-5) was
reached. Finally, we, collectively, were able to derive three major role descriptions covering
all of the groups. The first major role is targeting IS innovations that enable BMI outcomes,
i.e., new or extended business models, while IS playing the second role can be described as
influencing the process of innovating business models. The third role describes IS that
provide a frame of reference with which business model innovators must comply. Whereas
instances of the first two roles are relatively context specific, the third role provides space but

also defines rules for a wide array of BMIs. Table B-5 depicts our findings in detail.

Table B-5. The roles of IS in business model innovation

Role Subcategory Explanation Illustrative example
New digital IS innovations are incorporated in new RFID in logistics: “An RFID-enabled and novelty-
business business models and represent their centered model can also allow a firm to find new
model core element. The distinctive ways of conducting economic transactions among
characteristic is the designing of a whole  various stakeholders, such as linking transaction
new business model, comprising all participants in new and intelligent ways. For
elements. example, TrenStar, a global provider of mobile asset
ISas a management solutions, is using RFID tracking
BMI technology to create a new ‘pay-per-use’ business
enabler model” (Kamoun, 2008, p. 643).
Digital Existing business models are extended Social media features in online services of print
business by IS innovations. Digital components media: “Social media features lead to online BMI,
model are added. The distinctive characteristic  particularly linked to the firms' value propositions”
enrichment is the addressing of only certain (Wikstrom and Ellonen, 2012, p. 63).
business model components.
Digital IS that act as a means to enhance BMI Software-mapping tool helping firms create value
support processes. The supporting feature propositions better suited for sustainability: “The
capability mainly targets specific business model value mapping tool assists companies in embedding
ISasa components. However, the underlying sustainability into the core of the business model
capability BMI is already essentially planned. through an improved understanding of the value
in the proposition” (Bocken et al., 2013, p. 493).
BMI Digital design IS helping to develop BMls. Here, IS do Platform as a toolbox for the BMI process: “Toolbox
process capability not only execute or support existing containing software, hardware and methods that will
plans but also explore new business be available to all firms interested in developing and
models and their designs as a whole. commercializing new positioning based products
and/or services” (Cavalcante, 2014, p. 454).
Digital Existing IS that need to be considered Internet as an additional channel in education
platform additionally in the BMIL. In this category, services: “The popularity of the Internet has made it
specific business model components are  possible to break the geographical restrictions
s affected. through online education” (Xiaojun et al., 2013, p. 8).
as a
frame of Digital Existing IS that provide the background Context-aware mobile services building upon 3G
reference  €CO-system for BMIs and thus determine the design technologies: “Technologies of 3G and beyond open
for BMIs of business models. The distinctive up new opportunities to develop and commercialize

character of this category is that all
business model components are
affected for being compatible with digital
ecosystems.

context-aware services that utilize information like
user location and social context” (de reuver and
Haaker, 2009, p. 240).
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1.5 Discussion and Implications

Since their initial emergence, IS has had an impact on business operations (El Sawy and
Pereira, 2013). While IS initially supported business processes, they are becoming an
increasingly essential factor in innovation (Nambisan, 2013). We found that IS are also of
particular importance when it comes to BMIs, a context in which they play three major roles.
As these roles go beyond the influence of technical innovations or their direct impact on the
product/service offering, existing typologies or classifications fall short of capturing this
variance. With our study, we offer three important contributions for both research and
practice: First, we provide evidence for the growing importance of IS for today’s businesses,
as they move from being merely a support function to increasingly becoming the business
itself. Second, we describe the specific roles through which this effect arises, thus providing
evidence that the phenomenon of IS-related BMI is not a uniform one but instead works
through diverse mechanisms. As these mechanisms must be dealt with individually, we
attempted to present a differentiation. By doing so, third, we provide an empirically based
common ground, including a standardized description and unified terminology for the
theoretical elaboration as well as proactive use of IS in BMI. In the following, we will expand
upon these three contributions.

According to Al-Debei and Avison (2010), a business model connects the process and
strategy layers within a firm’s reasoning. With our findings, we thus provide instances of
firms’ emerging digital business strategies, i.e., “organizational strategy formulated and
executed by leveraging digital resources to create differential value” (Bharadwaj et al., 2013,
p. 472), indicating the enlarged and differentiated role IS plays in business as well as their
transformative impacts. The development of a new digital business model with an add-on
character or one that builds upon no prior existing business model, is a way for businesses to
diversify their business model portfolio in the digital world. Interestingly, firms from previously
physical industries also drive this kind of innovation. For instance, Kamoun (2008) describes
the case of a RFID-based business model employed by a delivery firm. A new digital
business model with a substitution approach, however, has the potential to replace an
existing one. While this may be considered a radical change in IS-related industries, it can be
described as a digital disruption in non-IS industries. Examples can be found in
developments in the music industry. As described by Bourreau et al. (2012), file sharing
changed the rules of the game in the market and led to completely different structures.
Moreover, we demonstrated that IS do not only enable BMI. In the BMI process, it is
apparent that IS support its execution by, e.g., enhancing information necessary for planning
purposes. However, they are also involved in an earlier phase or “pre-stage” (Cavalcante,
2014) that concerns developing an initial BMI idea or direction. IS thus represent a new
aspect in the strategic reasoning of a firm, regardless of whether it is an IS or non-IS
industry. Furthermore, IS act as a background, a frame of reference for BMI. They either
afford specific new functionalities or ways to reach out to partners and customers (Xiaojun et
al., 2013) or they offer entirely new BMI spaces. These digital platforms and eco-systems
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determine the rules to be followed and define new digital (sub-) industries (e.g., Bouwman et
al., 2008).

In sum, IS in BMIs do not solely act as technological inputs in BMI processes. They provide
options for innovating business models and support management in recognizing these
options and making the best out of them. To the best of our knowledge, our findings provide
initial evidence of IS acting as both operand and operant resources (Nambisan, 2013) in the
BMI process, thus supporting the existence of Nambisan (2013)’s typology for the case of
BMI and differentiating it based on a rigorous methodological approach. With the description
of the major roles and sub-categories, we contribute to the field of IS research on business
models by providing a framework to categorize IS according to their relation to BMIs. Future
research in the field can draw on this framework to guide, e.g., empirical investigations of
their impacts or further differentiation of the roles. The examination of the transformative
impact of the roles towards digitalization, which is indicated by our findings, should be
subject to future scrutiny. Moreover, the concurrent appearance and thus the emergence of
interdependent digital business models is of particular interest for future research.

With the description derived, we want to direct managers’ attention towards the variety of
influences that arise through 1S. The phenomenon and therefore its associated effects
proceed in a differentiated manner. They should use the framework to proactively assess the
risks associated with each role for their existing business models. However, our findings
must not be misunderstood to mean that businesses should foster IS-related BMis
everywhere and anytime; instead, they should innovate these innovations mindfully, i.e.,
“with reasoning grounded in its own organizational facts and specifics” (Swanson and
Ramiller, 2004, p. 559). Hence, organizations need absorptive capacity for targeting the
differentiated roles in order to identify and profit from the existing possibilities. This applies
for both IS and non-IS industries. The former type must consider not only their digital
products (e.g., ERP software) but also emerging digital ecosystems, such as those stemming
from mobile technology (e.g., smartphones and tablet PCs). Non-IS industries must consider
the potential of IS to help leverage their core competences and assets in digital spaces (e.g.,
an automobile manufacturer building new business models based on sensor data). However,
as these examples indicate, differentiated roles generate diversified possibilities for exploring
new kinds of business models. Nevertheless, existing business models must also be
executed and innovated. Therefore, organizations must improve their ambidexterity so they
can innovate and deploy distinct business models simultaneously.

1.6 Limitations

We derived fruitful insights into the field of IS-driven BMI by conducting a rigorous taxonomy
approach. Nevertheless, our research has some limitations, as we based our investigation
entirely on existing literature. First, our sample was limited to journals, thus excluding
conference proceedings. Second, in examining the articles, we found that the process of BMI
fostered by IS is not always described in detail and that the business model concept is
conceived in various forms, resulting in unnecessary differences concerning its components
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and characteristics. Therefore, we had to severely restrict our sample to ensure relevant
information for each of our objects. This poses the danger that our investigation may not
capture the entire population of possible I1S-driven BMIs. While the developed taxonomy
fulfills the exclusivity and exhaustivity requirements for our sample, general validity cannot be
assured. As we are aware of these shortcomings, we adapted a formal and well-documented
procedure of taxonomy development based on Nickerson et al. (2013), applying an iterative
approach that future researchers may draw upon to extend with the inclusion of additional
scopes. Third, we chose a holistic, and therefore, global approach for our analysis. The
community is aware of cultural differences and how these influence the use of or perception
towards IS (e.g., Pauleen et al., 2006; Srite and Karahanna, 2006). Nevertheless, we did not
examine these effects in our study, this may be an interesting topic for further research.

1.7 Conclusion

While significant research efforts have been made to describe BMIs resulting from innovative
IS, a systematic description of the various roles IS play in BMIs from a meta-perspective
(which has been at least partly the case for IS in process, service, or product innovations) is
lacking. In this paper, we employed such a meta-perspective to investigate how IS influence
both the processes and outcomes of BMIs. To do so, we applied a rigorous taxonomy-
building approach. We found three major roles — (1) IS as a BMI enabler, (2) IS as a BMI
capability, and (3) IS as frame of reference for BMIs — each including two subcategories. The
findings indicate that IS act as both operant and an operand resources in the BMI process.
The taxonomy further revealed that the roles can be found in both IS and non-IS industries
and that these can drive digital transformation in various contexts. We conclude that the
consideration of IS should be on the agenda of every manager contemplating BMI. However,
to recognize and apply the differentiated roles of IS for the specific organizational context of
a firm, i.e., to mindfully innovate business models with IS, firms require organizational and
managerial capabilities distinct from those needed in the past.
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1.8 Appendix

1.8.

1 Ending conditions of Taxonomy Development

Table B-6. Ending conditions of taxonomy development (Nickerson et al., 2013)

No.  Objective ending conditions Subjective ending conditions
1 All objects or a representative sample of objects have Concise: The taxonomy should contain a limited number
been examined of dimensions and characteristics
2 No object was merged with a similar object or split into  Robust: Enough dimensions and characteristics should be
multiple objects in the last iteration included to clearly differentiate between the objects of
interest
3 At least one object is classified under every Comprehensive: All objects used during the taxonomy
characteristic of every dimension development should be classified in the developed
taxonomy
4 No new dimensions were added in the last iteration Extendible: The taxonomy should allow for adding new
dimensions and characteristics
5 No dimensions or characteristics were merged or split  Explanatory: The taxonomy should contain useful
in the last iteration information on the object but should not describe them in
detail
6 Every dimension is unique and not repeated
7 Every characteristic is unique within its dimension
8 Each cell (combination of characteristics) is unique and

is not repeated
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lll. The Impact of Digital Technology Diffusion on Business
Model Innovation of Incumbent Mobility Firms

Having provided an overview and differentiated understanding of the distinct roles played by
IS in business model innovation by investigating this phenomenon irrespective of industry
context, this dissertation continues with a chapter assessing how incumbent mobility firms
react to the increasing presence of digital technologies in our society.

Study 3 employs a multivariate regression analysis based on a longitudinal dataset of the
world’s largest automobile manufacturers. In doing so, it sheds light on the impact of the
increased diffusion of digital technologies on business model innovations of incumbent
mobility firms as well as the means by which they source the knowledge required for digital
innovation.

68

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



B.lll.1 — Study 3: Entering Digital Era — The Impact of Digital Technology-related M&As on
Business Model Innovations of Automobile OEMs

1 Study 3: Entering Digital Era — The Impact of Digital
Technology-related M&As on Business Model Innovations of
Automobile OEMs

Table B-7. Fact sheet of study no. 3

Title

Entering Digital Era — The Impact of Digital Technology-related M&As on
Business Model Innovations of Automobile OEMs

Authors

Bjorn Hildebrandt®’, Andre Hanelt?, Sebastian Firk®, Lutz M. Kolbe®

®Chair of Information Management, University of Goéttingen, Platz der Got-
tinger Sieben 5, 37073 Gottingen, Germany

®Chair of Management and Control, University of Géttingen, Platz der Got-
tinger Sieben 5, 37073 Gottingen, Germany

*Corresponding author. Tel.. +49 551 3921175. E-mail address:
bhildeb@uni-goettingen.de

Outlet

Thirty Sixth International Conference on Information Systems, Fort Worth,
USA, 2015, Best Paper Nominee

An extended version of this study is currently under review at the European
Journal of Information Systems (EJIS) (Status: 2™ round of review)

Abstract

Digital technologies have reached the sphere of industrial-age, primarily
physical industries, thus forcing incumbent firms to digitally innovate their
business models. Employing a longitudinal dataset of the world’s largest
automobile manufacturers from 2000 to 2013, we found empirical evidence of
a positive effect of digital technology—related mergers and acquisitions
(M&As) on digital business model innovativeness. Moreover, this effect is
enhanced by previous non-digital M&A experience, a diversified M&A history,
as well as early experience with digital technology—related M&As.
Consequently, our findings reveal that OEMs acquiring complementary and
heterogeneous external knowledge on digital technologies and possessing
the absorptive capacity to integrate as well as commercialize this type of
knowledge are better prepared to master the digital transformation of their
business. Furthermore, we find indications of a positive influence of digital
business model innovations on the expected future firm performance of
automobile manufacturers, thus substantiating the importance of digital
transformation.
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1.1 Introduction

In his visionary commentary recently published in Nature, Burns (2013) illustrates what the
future of mobility may look like by describing an imaginary everyday trip: “Joe requests a car
using a smartphone application. A driverless electric vehicle arrives within minutes and
transports him to his destination. During the trip, Joe can read, work, eat, talk on the phone,
watch a film or send e-mails. There is no need to park — the vehicle zooms off to pick up
another rider” (p. 181). This future vision indicates the importance of information systems (1S)
and their transformative impact (Lucas et al., 2013) on what has been known by incumbent
players in the automotive industry for more than a century.

This industrial-age industry (Yoo et al., 2010b) is clearly en route to a digital transformation.
Advances in the diffusion of networks (e.g., 4G) and computing devices (e.g., smartphones)
have enabled the mobile usage of IS (Lyytinen and Yoo, 2002) and also allowed physical
mobility — especially car use — to be increasingly accompanied by digital connectedness
(Henfridsson and Lindgren, 2005). However, not only are digital technologies and
automobiles used simultaneously but they are also merging more and more into new digital
innovations (Hylving and Schultze, 2013). With embedded and connected digital sensors or
processors come smart products and services incorporated into innovative business models
(Yoo et al.,, 2012). More specifically, Yoo (Yoo, 2010) describes a variety of applications
resulting from the constantly increasing presence of digital technologies in the car, such as
navigation, safety, and infotainment services.

For incumbent automobile manufacturers, this development represents a fundamental
change on various dimensions. First, ensuring connectivity with or even integrating digital
artifacts into their core products demands a profound understanding and skill set to innovate
digitally (Hylving and Selander, 2012). As the automobile industry has a strong foundation in
engineering, this represents a major deviation from their core competencies. Second, digital
innovations follow a different logic in terms of their architecture and comprise several distinct
layers including devices, networks, contents, and services (Selander et al., 2013; Yoo et al.,
2012). Consequently, this architecture is enlarging the areas of expertise needed to innovate
for incumbent firms. Third, the digital transformation gives rise to new kinds of business
models building upon digital technologies, as Yoo (2010) illustrates by drawing on the
example of GM’s OnStar. Thus, for automobile original equipment manufacturers (OEMs)
entering the digital era, innovation is no longer just about new technologies but now also
includes distinct business models necessary to deploy them (Chesbrough, 2007). These are
primarily service-oriented, thus representing another paradigmatic change for automobile
OEMs (Barabba et al.,, 2002), who, for decades, have deployed a product-focused,
transaction-based business model, occasionally accompanied by product-oriented services
(e.g., maintenance) (Williams, 2007). Now, many of the new offerings, e.g., infotainment
services, deal increasingly with contexts separate from the actual car domain.

The fundamental dynamics in the automotive industry stemming from the emergence of
digital eco-systems thus create an enormous need for OEMs to acquire and integrate diverse
and dispersed knowledge and commercialize it by innovating business models: “Even though
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all innovations require successful integration of heterogeneous knowledge, [...] the
convergence of pervasive digital technology intensifies the degree of heterogeneity and the
need for dynamic balancing and integration of knowledge resources. For example,
convergent products may derive from completely different industries and unrelated bodies of
knowledge” (Yoo et al., 2012, p. 1401).

In this regard, prior research in the field of management science has emphasized the role of
external collaboration, especially in the form of mergers and acquisitions (M&ASs), in
acquiring distant knowledge and capabilities (De Man and Duysters, 2005). However,
empirical results with respect to innovation outcomes are mixed due to the reportedly
massive organizational and managerial post-deal efforts stemming from the need to
implement different mindsets and competences (Cloodt et al., 2006). Hence, for digital
innovation, the organizational ability to integrate the new and diverse knowledge might be the
key driver of success (Cloodt et al., 2006; Selander et al., 2010).

While substantial research has focused on describing the peculiarities of digital innovation
(e.g., Yoo et al., 2010b) and it’'s organizational consequences (e.g., Selander et al., 2013), an
important research gap can be filled by answering the question of how the digital acquisition
strategies of incumbent firms from a primarily physical industry influence their digital
innovativeness. Therefore, in this paper, we employ a multivariate regression analysis based
on a longitudinal dataset of the world’s largest automobile manufacturers from 2000 to 2013
to provide insights on the following research questions:

1. What are the effects of OEMSs’ digital technology-related M&As on subsequent digital
business model innovations?

2. How are these effects moderated by OEMs’ organizational knowledge integration
capabilities?

The remainder of this paper is organized as follows. First, we will lay out our theoretical
background by drawing on both the literature on digital innovations in the automobile industry
as well as research on the acquisition and integration of external knowledge for innovation.
Afterwards, we will describe our methodological approach before presenting and discussing
our results. Finally, we will derive implications for IS research and business practice and
present our concluding thoughts.

1.2 Theoretical Foundation

1.2.1 Digital Innovation in the Automotive Industry

In recent years, the digital transformation has also reached physical industries through the
incorporation of increasingly powerful microprocessors and memory, broadband
communication, and efficient power management into industrial-age products (Yoo et al.,
2010b). Scholars have investigated this phenomenon, e.g., for cameras (e.g., Lucas and
Goh, 2009), phones (e.g., Selander et al., 2010), and cars (e.g., King and Lyytinen, 2004).
This development, in conjunction with the increased penetration of IS into everyday life (Yoo,
2010), affords new opportunities for innovation.
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Following Schumpeter’'s (1934) understanding of innovation, Yoo et al. (2010b) define digital
innovation as “the carrying out of new combinations of digital and physical components to
produce novel products” (p. 2). This integration of digital technologies, i.e., “combinations of
information, computing, communication, and connectivity technologies” (Bharadwaj et al.,
2013, p. 471), into physical products enables the development of new products, service
designs, business models, and organizational forms (Fichman et al., 2014; Yoo et al., 2012).
Thus, digital technologies offer new opportunities for product-developing firms by
encompassing both the augmentation and enhancement of previously existing business
models as well as a generation of radically new ones (Hylving et al., 2012; Jonsson et al.,
2008). In the automotive industry, this phenomenon is being observed as manufacturers
incorporate digital technologies into their cars to gain valuable data for a plethora of
applications and offer an increasing number of services such as advanced diagnostics,
communication and entertainment systems, driver assistance, and routing (Cho et al., 2006;
Juliussen, 2003). These developments have already been investigated in detail by prior
academic work. For instance, King and Lyytinen (2004) investigate a business model where
sensor data is used for vehicle diagnostics and related maintenance services. Furthermore,
Lenfle and Midler (2009) describe an IT-enabled, subscription-based service that
automatically conducts emergency calls in case of accidents or breakdowns.

In primarily physical industries (Hanelt et al., 2015b), digital innovation implies a hybridization
of digital and physical components as well as their associated modes of production and
organization logics (Hylving and Schultze, 2013). However, when digital components are
implanted in tangible products, existing product designs and associated organizational
processes are put under pressure (Hylving et al., 2012). The automotive industry traditionally
follows a dominant engineering logic whereby the tangible goods (i.e., the cars) occupy
center stage and both product design as well as organizational logic have evolved over many
years of incremental refinement (Hylving et al., 2012; Wikhamn et al., 2013). Traditional
manufacturing relies on linear and sequential production processes, between which quality
controls are conducted in a planned manner (Cooper, 1990; Wikhamn et al., 2013). Thereby,
the complete production process follows strict targets, as the entirety of the products’
functionalities and all relevant components are determined and designed beforehand. Once
the product characteristics are settled, firms concentrate on process innovation and
economies of scale rather than furthering technology innovation (Hylving et al., 2012;
Murmann and Frenken, 2006).

In contrast, digital innovations follow a different logic with reference to their architecture (Yoo
et al., 2012). While physical products (e.g., cars) build upon a modular architecture whereby
interlocking components are assembled to a single physical entity (Lusch and Nambisan,
2015), digital technologies rely on a layered architecture in which each of the loosely coupled
layers of devices, networks, services, and contents follows a different functional design
hierarchy (Gao and lyer, 2006; Yoo et al., 2010b). Thus, the physical aspects of digital
artifacts (i.e., hardware) are separate from the non-physical function (i.e., software). As a
result, the different components are not bounded by a single product and are exchangeable,
which offers ample combination possibilities. By embedding digital components into physical
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products, a hybrid, layered modular architecture emerges, inducing profound changes in the
way firms organize their logic of innovation. This especially holds true for the amount and
heterogeneity of knowledge required for innovation. As Yoo et al. (2012) point out, in the
classic modular architecture, the knowledge needed is product-specific and possessed by a
set of specialized firms. In digital innovation, however, it is “distributed across heterogeneous
disciplines and communities” (p. 730). As automotive incumbents come from a tradition of
internal knowledge creation and incremental knowledge sharing with their traditional core
partners (Hylving and Selander, 2012), they must source new knowledge from very different
actors and fields to close their capability gaps (Henfridsson et al., 2009) that are emerging in
the digital era. Hylving and Selander (2012), for instance, drawing on a case study in the
automotive industry, describe the challenges that arise due to the existing organizational
structures and mindsets.

In sum, when automobile manufacturers (and other product-developing firms) strive towards
digital innovation, they must adjust their traditional innovation processes and learn how to
cope with the hybridization of digital and physical products. Due to the peculiarities of digital
innovation, OEMs cannot simply rely on the established inter-organizational relationships and
existing competencies within their eco-systems (Yoo et al., 2010b). Instead, additional
knowledge in fundamentally different areas of expertise is required, thus “particularly
intensifying the need to integrate heterogeneous knowledge resources” (Yoo et al., 2012, p.
1404). Initial research has described the specific tensions arising through digital innovation in
the automotive industry (Andreasson et al., 2010) and the specific importance of openness
towards and acquisition of new external knowledge due to the fundamentally different logics
of innovation (Hylving and Selander, 2012). However, what is missing to date are insights
concerning the means by which firms in such established industries can integrate the
external knowledge required for digital innovation and how successful these initiatives are.

1.2.2 Leveraging External Knowledge for Innovation

Each innovation process, at least to a certain degree, relies on the extension of a firm’s
knowledge. While an increase of the knowledge base might also be achieved by several
internal initiatives (Ahuja and Katila, 2001), external knowledge is of specific importance
when companies enter different contexts, e.g., new market settings (De Man and Duysters,
2005) or discontinuous technologies (Lambe and Spekman, 1997), as these often represent
business logics distinct from the established one (Kathuria et al., 2011; Xu et al., 2013).
Thus, by utilizing external knowledge, firms primarily try to access skills and capabilities to
innovate in previously unknown business areas (Kathuria et al., 2011), as is the case for
many traditional firms entering the digital era. West and Bogers (2014) describe the
leveraging of external sources of innovation, including market or technology knowledge, as a
three-phase process comprising an obtaining, integrating, and commercializing phase (all of
the phases are influenced by interaction procedures, such as feedback systems).

M&As are among the most prominent forms of the initial phase of obtaining external
knowledge and “occur when independent companies combine their operations into one new
entity” (De Man and Duysters, 2005, p. 1378). Although prior research “demonstrates that
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acquisitions expose firms to new ideas and in the long run lead to broader knowledge”
(Kathuria et al., 2011, p. 2), empirical investigations concerning the consequences of M&As
on the innovativeness of the respective companies are rather disenchanting. In the best
case, neutral effects of M&As have been discovered in previous research, as the integration
of a whole firm brings along multiple and diverse managerial challenges such as the
deterioration of innovation processes (De Man and Duysters, 2005; Haspeslagh and
Jemison, 1991). Negative impacts on innovativeness are also found by Lin (2009), who
analyzes M&As in the global auto industry and attributes these negative impacts to the high
transaction costs, distraction of management attention away from internal innovation, and
general organizational barriers, e.g., concerning communication. However, the impacts of
M&As on innovativeness have been relativized by research highlighting the importance of the
specific type of knowledge that is involved in the deal (e.g., Ahuja and Katila, 2001; Cloodt et
al., 2006; Makri et al., 2010).

What becomes apparent in the empirical investigations is that the second phase of the model
by West and Bogers (2014), integration, is the key to enabling positive returns from acquiring
external knowledge (Cloodt et al., 2006; Xu et al., 2013). Here, organizational capabilities,
such as absorptive capacity (Cohen and Levinthal, 1990), have been reported as being of
particular value (West and Bogers, 2014). According to Roberts et al. (2012), absorptive
capacity “is defined as the ability to identify, assimilate, transform, and apply external
knowledge” (p. 628) and was deployed in various contexts in IS research, e.g., concerning
the organizational assimilation of enterprise information systems (Saraf et al., 2013). With
reference to M&As, superior absorptive capacity is associated with benefits in, first,
identifying the right acquisition targets, and, second, a successful utilization of the acquired
knowledge for the firms commercial ends (Desyllas and Hughes, 2010). However, the ability
is path dependent in the sense that a firm’s past experiences shape its capability to acquire
new knowledge, since the search behavior is dependent on what was learned in the past
(Zahra and George, 2002). Therefore, in prior empirical studies (e.g., Ahuja and Katila, 2001;
Cloodt et al., 2006), existing knowledge bases have been described as influencing post-M&A
innovation outcomes due to the associated level of absorptive capacity.

Finally, in the commercialization phase, the achieved outputs of the innovation process
manifest themselves, e.g., through the achieved value creation and value capture, which,
taken together, constitute a firm’s business model (Rai and Tang, 2014; West and Bogers,
2014). Business models are conceptual tools that describe the core logic of a business and
comprise various elements, such as the value proposition of the offering or the customer
relationship (Osterwalder et al., 2005). The focus on business models is of particular
importance when focusing on innovation, as research has found consensus on the notion
that the value of new ideas or technologies is dependent on the respective business model in
which they are incorporated (Al-Debei and Avison, 2010; Cavalcante, 2014). As a firm’s
success depends greatly on the fit of its business model with the external environment (e.g.,
Chesbrough and Rosenbloom, 2002), to profit from innovation efforts, it is not enough to just
develop and patent new technologies. Chesbrough (2007) states, “Today, innovation must
include business models, rather than just technology and R&D” (p. 12). While substantial
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research has described the components and taxonomies of business models, thus
employing a static view on the concept, a dynamic view is required when reasoning about
innovation (e.g., Aspara et al., 2011). Due to their peculiarities, especially their overarching
nature resulting from their multiple diverse components, business model innovations are
becoming an increasingly important unit of analysis for transformative change in various
industries, especially through digital innovations (Fichman et al., 2014).

1.3 Hypothesis Development

Drawing on the theoretical background we laid out above, we derive our hypotheses in the
following section. Building upon West and Bogers’s (2014) three-phase model, we consider
digital technology-related M&As as an opportunity for OEMs to access external knowledge
(obtaining phase) in order to enhance their digital business model innovativeness
(commercializing). Further, we evaluate the role of absorptive capacity, manifesting in
different kinds of past acquisition experiences, in helping to identify and integrate external
knowledge (integration phase). Thus, the focus of our study is clearly on the investigation of
OEMSs’ strategies to acquire external knowledge for enhancing their digital innovativeness.
However, as the commercialization phase via business models is directly connected to a
firm’s economic perspective (Rai and Tang, 2014), we additionally want to give an indication
of the potential benefits resulting from digital business model innovations by assessing firm’s
predicted future performance. Figure B-4 depicts our research model and hypotheses.

: Obtaining I | Commercializing |
I I
I | Digital Technology- | Hi+ 1 Digital Business H3+ J Predicted Future |
[ related M&As | 4 | | Model Innovativeness i Performance 1
L —— ' I I B B e [

______________________________ -

| Integratin

| H2a+ B H2b+ Hac+ |

|

| Non-digital M&A Diversified M&A Early Experience with I

| Experience Experience Digital M&As I

Figure B-4. Research model and hypotheses

The increased penetration of digital technologies in and around the vehicle (Yoo, 2010)
affords options for adapting existing and developing entirely new business models
(Henfridsson et al., 2009). As the car is increasingly “expected to provide advanced
computing and connectivity capabilities” (Henfridsson and Lindgren, 2005, p. 97), OEMs
have started to advance or develop services building upon digital options (Sambamurthy et
al., 2003). Accordingly, even though traditional business models are still dominant, digital
business model innovation, referred to as “a significantly new way of creating and capturing
business value that is embodied in or enabled by IT” (Fichman et al., 2014, p. 335), is
becoming more and more crucial for an OEM to be successful (Hylving and Selander, 2012).
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To realize these potentials, automakers need to be capable of digital innovation and account
for its specifics. Although, in general, external knowledge is important for explorative
innovation endeavors (Raisch et al., 2009), Yoo et al. (2012) point out that in digital
innovation, the quantity and heterogeneity of required knowledge radically increases. When
developing convergent products that comprise digital and physical aspects, distant,
previously unknown sources of knowledge are particularly important (Hylving and Selander,
2012). Thus, digital innovation initiatives of players from traditional industries must rely on an
increased utilization of external knowledge, which is difficult for them to develop on their own
(Raisch et al., 2009). Henfridsson et al. (2009) conclude, “Seemingly stuck in the industrial
society, new knowledge about these issues is vital for automakers that attempt to close
existing capability gaps and redefine their current innovation path” (p. 22). M&As have been
described as a means for acquiring external knowledge, especially for explorative purposes
(De Man and Duysters, 2005; Raisch et al., 2009). According to Makri et al. (2010), firms
using such measures to acquire knowledge complementary to existing knowledge, which is
the case for OEMs and digital knowledge, can expect a positive impact on their innovation
outcomes. Furthermore, as described above, if automobile manufacturers want to innovate
digitally, they must understand radically different types of innovation logic and processes
(Hylving and Selander, 2012). One of the major disadvantages of M&As — disrupting
innovation routines — might thus indeed be a blessing for automobile manufacturers as they
could help them to adapt in the fundamental manner that is necessary in a world of digital
innovation (Desyllas and Hughes, 2010; Hylving and Selander, 2012; Yoo et al., 2012). As
Makri et al. (2010) maintain “complementarities would make discontinuous strategic
transformations more likely” (p. 602), this may be of particular importance for the case of
OEMs facing the severe challenges of the digital transformation. Accordingly, we present the
following hypothesis:

Hypothesis 1 (H1): Digital technology—related M&As increase the digital business
model innovativeness of automobile OEMSs.

However, as stated above, the impact of external collaboration on the innovativeness of the
respective firms is dependent on their ability to identify and integrate valuable external
knowledge, i.e., its absorptive capacity (Cohen and Levinthal, 1990; Desyllas and Hughes,
2010). Inherent in this concept is the notion that the ability to integrate new external
knowledge from external sources, e.g., from M&As, builds upon the prior experience of the
firm in doing so (Zahra and George, 2002). Lambe and Spekman (1997) point at the
importance of prior experience for acquisition success, especially in contexts of
discontinuous change. Inexperienced acquirers might not properly identify and care about
the need to integrate disparate cultures, processes, IS, etc., thus failing to anticipate and
invest the organizational efforts required to do so, which can in turn lead to M&A failure (Kim
et al., 2011). Therefore, although collaboration with digital players is a rather new endeavor
for OEMs, they are likely to benefit from their general openness to external knowledge and
their experiences with cooperation and acquisitions in other, non-digital contexts. De Man
and Duysters (2005) maintain that general experience with external collaboration increases
the likelihood that new collaborations improve the innovation performance of the related
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companies, as experienced companies have already set up structures or procedures to deal
with collaborations. Thus, we propose the following hypothesis:

Hypothesis 2a (H2a): Non-digital M&A experience positively moderates the impact of
digital technology-related M&As on the digital business model innovativeness of
automobile OEMs.

Furthermore, according to prior research, this argument applies not only to the amount but
also to the type of prior experiences with external M&As that shape the ability to integrate
new external knowledge. For instance, Gassmann et al. (2010) point out that the managerial
challenges arising from cross-industry collaboration are clearly distinct from those that result
from collaboration with related partners. Moreover, conducting a large-scale empirical
analysis, Haleblian and Finkelstein (1999) were able to demonstrate that experiences gained
in past acquisitions positively influence the success of similar ones in the future. These
outcomes occur due to learning effects with respect to target selection, additional resource
allocation, and further success factors of integration (Haleblian and Finkelstein, 1999). Thus,
as digital innovation is based on heterogeneous knowledge resources (Yoo et al., 2012),
past experiences with acquiring and commercializing external knowledge from
heterogeneous sources drives the ability to do so in further cases (Zahra and George, 2002).
This is underpinned by Lane et al. (2006), who assert that discontinuous innovation “is best
supported by an absorptive capacity based on a broad range of loosely related knowledge
domains and helps to further increase that breadth” (p. 850). Such an absorptive capacity
may “endow an acquirer with the requisite knowledge variety and experience in order to deal
with the complexity involved in importing and exploiting external knowledge from unrelated
acquisitions” (Desyllas and Hughes, 2010, p. 1118). As stated above, digital business model
innovations represent a discontinuous endeavor for automobile OEMSs, rendering a rather
diversified past collaboration portfolio beneficial. Therefore, we propose the following
hypothesis:

Hypothesis 2b (H2b): Diversified M&A experience positively moderates the impact of
digital technology-related M&As on the digital business model innovativeness of
automobile OEMs.

The latter two hypotheses focus on the organizational ability, the know-how, of integrating
new external knowledge. However, the ability to understand the content of the knowledge
involved, the know-what, is also of particular importance for the success of external
collaborations (Makri et al., 2010). Prior research has investigated this issue under the theme
of the relatedness of the existing knowledge bases of the respective firms involved in M&ASs.
Cloodt et al. (2006) state, “It is advantageous to the acquiring firm to obtain knowledge in
areas that are still somewhat related to its existing activities” (p. 650). If prior knowledge
exists, at least to some degree, it helps firms to understand and recognize the value of new
knowledge in this area, as skills, languages and mindsets become somewhat familiar for the
respective firms (Ahuja and Katila, 2001). As IT knowledge itself is rather unrelated to an
automotive OEM, early experiences with integrating this type of knowledge should provide
them with a relatively larger available timespan to comprehend and internalize the distinctive
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characteristics of this field. Consequently, this pre-understanding building upon early IT-
acquisition experience is beneficial for acquiring new knowledge from digital actors (Prabhu
et al., 2005). Hence, we propose the following hypothesis:

Hypothesis 2c (H2c): Early experience with digital technology-related M&As
positively moderates the impact of digital technology—-related M&As on the digital
innovativeness of automobile OEMs.

The importance of digital business models for OEMs’ future performance becomes obvious
when looking at the well-documented enormous efforts they undertake in digital innovation
(e.g., Hylving et al., 2012; Hylving and Schultze, 2013). Moreover, practitioners’ literature
highlights the potential impact of digital business models on OEMs’ performance and thus
the related market expectations: “Delivering services through the car — Internet radio,
smartphone capabilities, information/entertainment services, driver-assistance apps, tourism
information, and the like — is a promising area for future profits and differentiation”
(McKinsey, 2013, p. 14). This development also becomes apparent as more and more
players from the digital space, such as Google, Apple or Intel, enter into the industry. As
“digital innovation presents new options and threats to automakers” (Henfridsson et al.,
2009), incumbents may perceive uncertainty when it comes to the economic benefits of
digital innovations. However, initial research on digital business models of OEMs, e.g.,
concerning GM’s OnStar, has emphasized the success of doing so (Barabba et al., 2002;
Yoo, 2010). New digital business models may not impact the earnings of a firm forthwith but
are likely to do so in the future. Hence, developing new digital business models may be a
major factor for the future success of OEMs. Therefore, we propose the following hypothesis:

Hypothesis 3 (H3): Digital business model innovations have a positive impact on
automobile OEMs’ predicted future performance.

1.4 Methodological Approach

1.4.1 Sample and Data

To test our derived hypotheses, we investigated a longitudinal panel of the world’s largest
automotive manufacturers between 2000 and 2013. We selected the 30 largest automotive
manufactures by motor vehicle production in our starting year to avoid survivorship bias
(Oica, 2001). Hence, companies may drop out of the sample due to a delisting or dissolving
of the firm, but no new companies were allowed to enter the sample. From the resulting
sample we only included OEMs that had available both M&A data from the Securities Data
Corporation (SDC) as well as all other financial and informational data for regressions. The
final sample was made up of 22 OEMSs, which altogether account for 281 firm-year
observations. Applying a longitudinal panel of a fixed industry sample leads to essential
advantages when measuring the effects of M&As on later innovation outcomes. Therefore,
this sample contains not only firms actively performing M&As, but also inactive ones. By
disregarding the second group, it might be hard to argue that M&As are the only decisive
factor for good or bad performances (Ahuja and Katila, 2001; Fowler and Schmidt, 1988).
Our data comprises a combination of multiple commercial and public data sources frequently
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used in empirical research. The financial data was retrieved from Thomson Financial
Datastream. To investigate predicted future firm performance, we extracted analysts’
forecasts and analyst coverage from the Institutional Brokers’ Estimate System (IBES). M&A
data was taken from the SDC databank. Data referring to digital business model innovations
was hand-collected via press releases taken from LexisNexis.

1.4.2 Variables
Independent Variable: Digital M&As

To identify OEMs’ digital technology—related M&As, two independent coders carefully
analyzed and evaluated each M&A. Digital technology—related M&As were coded as “digital
M&As” and the others as “non-digital M&As”. For the classification, the coders used elements
such as targets’ business descriptions and industry information. In most cases, these
descriptions were precise enough to judge the M&A’s relevance. However, when the
descriptions were not clear enough, we relied on manual information gathering. Examples for
coding our independent variable digital M&As are provided by Table B-11.

Afterwards, partly overlapping subsamples of the two independent coders were analyzed. To
assess the inter-rater reliability, Cohen’s Kappa (1960) was calculated; the value of .95
yielded indicates a very good strength of agreement. Nevertheless, the authors discussed
discrepancies in detail until a consensus on the allocation was reached. In total the
independent coders screened 1099 M&A events and classified 105 relevant M&A events.
Finally, the number of digital M&As was summed up for each year. We expected more than
just immediate effects of digital M&As on digital business model innovations; while some
changes might be introduced expeditiously, e.g., when an OEM acquires a firm with an
already existing business model and absorbs it, others might require a longer lead time, e.g.,
when new digital capabilities must be integrated in a car’s product design in order to offer a
new service. Hence, we anticipated varying lead times and therefore accumulated digital
M&As over the last three years.

Moderating Variable: Non-digital M&A Experience

M&As are regarded as digital M&As if they involve digital actors (see also independent
variable); all other events are considered as non-digital M&As. To describe the non-digital
M&A experience, we counted non-digital M&As and constructed an average of prior non-
digital M&As.

Moderating Variable: Industry Diversity of M&As

To measure industry diversity, we screened all M&As in a given year and counted the
number of different first two digits of the targets’ Standard Industrial Classification (SIC)
codes. We used the first two digits of the SIC codes because previous research (e.g.,
Haushalter et al., 2007; Moeller et al., 2004; Wiersema and Zhang, 2011) has indicated that
the first two digits are sufficient to classify industries as related or unrelated. Hence, if the
M&A activity of an OEM provides a higher number of different first-two-digit SIC codes, this
indicates a greater industry diversity of M&As, whereas a low number of different first-two-
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digit SIC codes reveals a strong industry focus. Analogous to non-digital M&A experience,
industry diversity is measured as the rolling average of the number of different industries in
which firms are active in M&As.

Moderating Variable: Early Digital M&A Experience

The number of early digital M&As indicates whether an OEM has experience with M&As
targeting digital actors prior to our starting year (2000). Hence, we also screened M&As from
the years 1995 to 2000 to identify early digital M&As. The variable counts the number of
relevant events prior to 2000.

Dependent Variable: Digital Business Model Innovations

The dependent variable indicates the firm’s innovation outcomes and is measured by the
number of reported business model changes (Cavalcante et al., 2011) that were induced by
digital technologies (henceforth described as digital business model innovations). For our
data-collection procedure, we used the commonly applied LexisNexis database (e.g.,
Aggarwal et al., 2006; Dewan and Ren, 2007; Miranda et al., 2012) and hand-collected
automotive firms’ announcements of digital business model innovations between 2000 and
2013. For this purpose, and in line with the proceedings of prior research (e.g., Aggarwal et
al., 2006; Dewan and Ren, 2007), the search process encompasses announcements in PR
Newswire and Business Wire in Lexis-Nexis. Within the regarded timeframe of 13 years,
shifts occurred within the automotive industry, e.g., Chrysler was separated from Daimler in
2007. To account for these shifts, we followed the SDC’s approach and related activities to
the ultimate parent.

Digital trends are manifold and, since we aimed to obtain comprehensive coverage of
relevant articles, we adopted a keyword search algorithm already used by Hanelt et al.
(2015b), which contains “significant digital technologies [i.e., cloud computing, social media,
mobile technology, and big data] in the automotive industry, as well as names of each of
these technologies industry leaders” (p. 1317). Thus, we linked each of the search words
with each member of our list containing the 22 automotive firms, for instance “digital
technolog®™ AND “SOURCE Toyota". As with the classification of the independent variable
digital M&As, each announcement retrieved from Lexis-Nexis was thoroughly investigated
and evaluated by two independent coders to extract the announcements that describe digital
business model innovations. Referring to the concept of business model innovation, we
followed Cavalcante et al. (2011), who provide a comprehensive framework describing
business model innovations according to the change they induce on a business-process
level. Examples of this coding are provided by Table B-12. During the analysis process
presented, duplicates were excluded. Again, we compared the resulting lists; a Cohen’s
Kappa (1960) of .98 indicates a very good agreement, but we nevertheless discussed the
differences in detail to ensure a comprehensive classification. In total, we obtained a final list
of 430 announcements and measured OEMs’ innovation performance by creating a dummy
variable that indicates whether the specific firm reported a digital business model innovation
in a given year.
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Dependent Variable (H3): Predicted Future Performance

To investigate whether digital business model innovations indicate an increase in future firm
performance, we used quarterly analysts’ one-, two-, and three-year earnings per share
(EPS) forecasts. The EPS value indicates a company’s profitability on the financial market,
as it depicts the portion of a firm’s profit relative to one share of common stock. Analysts’
forecasts are based on ongoing information gathering and the evaluation of corporate
decisions to give shareholders an estimation of future firm performance (Cordeiro and Kent
Jr, 2001). In this context, analysts exhibit another advantage; as they are specialized in
specific industries and cover only a few firms, they have great expertise in the automotive
industry and thus the ability to assess the need of OEMs to develop digital business model
innovations. Given the attributes of analysts’ forecasts, various empirical studies choose
analysts’ EPS forecasts as the dependent variable for evaluating future performance
expectations of specific events (e.g., Bassemir et al., 2013; Dhaliwal et al., 2011; Li et al.,
2014). As analysts regularly adjust their forecasts, we extracted the quarter-end analysts’
EPS forecasts (one-year, two-year, and three-year) of the IBES databank.

Control Variables

We included a broad set of control variables for others factors that may confound any effect
of digital M&As on digital business model innovations. To select our control variables, we
used commonly applied controls in empirical studies on innovation outcomes, such as firm
size (logarithm of net sales), leverage (ratio of total debt to total assets), return on equity (net
income divided by book value of common equity), profitability (operating profit margin),
growth (low-year growth in sales), liquidity (cash divided by total assets), and research and
development (R&D) intensity (R&D spending divided by net sales) (Ahuja and Katila, 2001;
Ahuja and Lampert, 2001; Bena and Li, 2014; Katila and Ahuja, 2002). Furthermore, we
included capex (capital expenditures divided by total assets) for internal investments
because these may bind internal resources, thus negatively affecting the integration of
external knowledge and decreasing digital business model innovations. Capital intensity
(property, plant, and equipment divided by total assets) controls for the manufacturing
intensity of OEMs. In our analysis of the predicted future performance, we also included
analyst coverage (number of analysts covering a firm), as forecasts might be related to the
number of analysts issuing forecasts. Moreover, we included gross domestic product (GDP)
growth as provided by the World Development Indicator (WDI) database of the World Bank,
which reflects the annual growth rate of GDP at market prices based on constant local
currency. Finally, all our models included dummy variables for time effects.

1.4.3 Model Specification

To examine the causes for digital business model innovations, our regression model must
address several challenges. First, our dependent variable counts the number of digital
business model innovations and thus takes only non-negative integer values. Hence, the
assumptions of homoscedastic, normally distributed errors in a linear regression model are
violated. Prior empirical research investigating the effect of a dependent count variable, e.g.,
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patents, has indicated that a Poisson regression approach is an appropriate choice for such
a dependent variable (Ahuja and Katila, 2001; Ahuja and Lampert, 2001; Henderson and
Cockburn, 1996; Katila and Ahuja, 2002). Second, we must account for unobserved firm
heterogeneity in our panel data; if unobserved heterogeneity has not been addressed in our
empirical model, estimations might be biased by inaccurate standard errors. Generalized
estimating equation (GEE) regression allows us to address both of these challenges, as it
provides a direct approach for modeling longitudinal Poisson data and accounts for
autocorrelation by estimating the correlation structure of the error terms (Ahuja and Katila,
2001; Ahuja and Lampert, 2001; Katila and Ahuja, 2002; Liang and Zeger, 1986). Therefore,
we used the xtgee command provided by STATA 12 and specified a log link function of the
Poisson family and autoregressive within-group correlation with semi-robust Huber-White
sandwich variance estimates. The following model with Y representing digital business model
innovations was used to analyze Hypothesis 1:

Yir = a + B(digital M&As) ;. + y(controls)j, + Ty + uj; .

Besides our dependent, independent, and control variables, the remaining items are the
intercept (a), the dummy variable for time effects (7,), and the standard error term (y;,).

To investigate our suggested moderating effects in Hypotheses 2a-c, we included an
interaction of the moderator and our independent variable. In line with prior empirical studies,
we centered the variables included in the interaction term on their means (Katila and Ahuja,
2002). This approach avoids potential multicollinearity problems and helps us to interpret the
results (Aiken and West, 1991). Specifically, the following model with Y equaling digital
business model innovations was used to analyze Hypotheses 2a-c:

Yie = a + By (digital M&As) ;. + B, (moderator);, + B3(digital M&A x moderator) + y(controls);, + Ty + ;.

Additionally, to investigate the capital market reaction on digital business model innovations,
we had to choose a time window that is closely related to the business model innovation.
Therefore, we created a dummy variable representing whether an OEM exhibits a digital
business model innovation in a certain quarter and used the subsequent analyst's EPS
forecast as the dependent variable. We also need to control for firm-specific unobservable
factors to isolate the effect of digital business model innovations on the capital market. To do
so, we used a panel fixed effects regression, where each cross section is an assigned
individual effect to control for firm-specific unobservable factors. Hence, only time-variant
effects within a firm are estimated. This means that we analyzed the effects of a digital
business model innovation of an OEM on the incremental change in the analyst's EPS
forecast. In line with this, fixed effects regressions are commonly employed in empirical
studies to estimate performance effects (e.g., Cornett et al., 2007; Custddio, 2014; Kandel et
al.,, 2011). Specifically, we used the following model with analysts’ EPS forecasts as Y to
analyze Hypothesis 3 (the item fixed; includes the firm-specific effects in the fixed effects
regression):

Y;: = a + B(digital business model innovation) ;. + y(controls), + T¢ + fixed; + ;. .

82

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



B.lll.1 — Study 3: Entering Digital Era — The Impact of Digital Technology-related M&As on
Business Model Innovations of Automobile OEMs

1.5 Results

1.5.1 Descriptive Statistics

Table B-8 displays the means, standard deviations, and pairwise correlations. Due to the
partially strong correlations among some control variables, we also investigated variance
inflation factors (VIFs) to check for multicollinearity. All resulting values were below critical
thresholds (the highest VIF was 4.27), indicating that our analysis is not constrained by
multicollinearity (Wooldridge, 2002).
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152

The Impact of Digital Technology-related M&As on Business Model
Innovations of Automobile OEMs

To test Hypothesis 1, we estimated a GEE Poisson model with digital business model
innovations as the dependent variable and digital M&As as an independent variable while

controlling for various confounding effects. Table B-9 reports the results of the GEE Poisson

regressions.

Table B-9. Regression results (hypotheses 1 and 2)

Model 1 Model 2 Model 3 Model 4
Method GEE Poisson
Dependent variable digital business model innovations
Hypothesis 1:
digital M&As 0.076 ** 0.045 * 0.098  *** 0.064 **
(0.023) (0.080) (0.001) (0.028)
Hypothesis 2a:
non-digital M&A experience -0.149
(0.140)
non-digital M&A experience * digital M&As 0.063  ***
(0.006)
Hypothesis 2b:
diversified M&A experience -0.502
(0.493)
diversified M&A experience * digital M&As 0.238 **
(0.026)
Hypothesis 2c:
early digital M&A experience 0.053
(0.760)
early digital M&A experience * digital M&As 0.051 **
(0.039)
Controls
return on equity 0.015 0.033 * 0.019 0.012
(0.152) (0.090) (0.206) (0.239)
profit margin 0.026 0.025 0.043 0.044
(0.367) (0.490) (0.299) (0.146)
capex -0.137  ** -0.169  *** -0.140 ** -0.131
(0.027) (0.008) (0.028) (0.004)
R&D intensity 0.002 0.093 0.046 -0.02
(0.991) (0.442) (0.684) (0.842)
liquidity -0.051 -0.033 -0.049 -0.050 *
(0.174) (0.468) (0.205) (0.095)
leverage -0.019 -0.013 -0.02 -0.014
(0.315) (0.279) (0.130) (0.297)
capital intensity 0.031 0.038 ** 0.039 * 0.039 *
(0.169) (0.025) (0.065) (0.061)
size 0.773  *** 1.135 *** 0.954  *** 0.888  ***
(0.005) 0.000 0.000 (0.009)
sales growth 0.243 -0.369 -0.061 0.172
(0.510) (0.552) (0.918) (0.712)
constant -14.584  *** -21.197 -18.981  *** -16.95
(0.002) (0.001) (0.001) (0.004)
time effects yes yes yes yes
Chi-square 553.01 1165.21 1111.47 1233.71
N 281 281 281 281

w0k and * indicate significance at the 1%, 5%, and 10% levels (two-tailed), respectively. Standard errors are heteroscedasticity
consistent. P-values are reported in parentheses. The explanatory variable digital M&As and the interaction terms are in bold. In
Models 2, 3, and 4, digital M&As, the moderator, and the interaction term are mean centered.
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In Model 1, we observe a highly significant (p < .05) and positive effect of digital M&As on
digital business model innovations. Therefore, our results confirm Hypothesis 1, implying that
the higher the degree of digital M&As, the higher the digital business model innovativeness
of OEMs.

1.5.3 The Moderating Effect of Non-digital M&A Experience

To test the moderating effect of non-digital M&A experience on digital business model
innovativeness, we investigated GEE Poisson regressions with moderating effects.
Specifically, we included an interaction term between digital M&As and non-digital M&A
experience; Model 2 shows the result of this regression analysis. In terms of the main effect
of digital M&As on digital business model innovativeness, the regression displays a positive
and significant coefficient. The results for the interaction term indicate high statistical
significance (p < .01) and a positive coefficient. The interpretation of Model 2 suggests that
non-digital M&A experience amplifies the positive effect of digital M&As on digital business
model innovativeness. Hence, we find support for hypothesis 2a.

154 The Moderating Effect of Diversified M&A Experience

To investigate this relationship, we included an interaction term between the industry
diversity of M&As and digital M&As in Model 3. In terms of the main effect, the GEE Poisson
model displays a statistically significant and positive coefficient, indicating that these results
are in line with our first hypothesis. For the interaction term, Model 3 exhibits statistical
significance (p < .05) with the anticipated positive sign. These findings are consistent with
Hypothesis 2b, which proposes that diversified M&A experience enhances the ability of
digital M&As to increase digital business model innovativeness.

155 The Moderating Effect of Early Digital M&A Experience

To proxy for early digital M&A experience, we count digital M&As within the five years prior to
our time period. Analogous to the procedure for testing the previous hypotheses, we run
GEE Poisson regressions and include an interaction term of early digital M&A experience
and actual digital M&As (see Model 4). In terms of the main effect, we again find a positive
and highly significant effect. Furthermore, as predicted, we observe positive and significant
(p < .05) coefficients in terms of the interaction term. This implies that the probability of high
digital business model innovativeness under a high degree of digital M&A is amplified by
early digital M&A experience. Therefore, we also find support for Hypothesis 2c.

1.5.6 The Impact of Digital Business Model Innovations on Future Performance

To test this hypothesis 3, we investigated fixed effect regressions to calculate the impact of
digital business model innovations on analysts’ quarterly EPS forecasts while controlling for
various confounding effects. Table B-10 presents the results of these regressions. In Model
5, we observe a positive and statistically significant (p < .05) effect of digital business model
innovations on the 1-year analyst EPS forecast. Models 6 and 7 substantiate the positive
impact of digital business model innovations on the capital market, since we find positive and
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significant coefficients (p < .1) for digital business model innovations on the 2-year and 3-
year analyst EPS forecast. Hence, we find indications that analysts evaluate digital business
model innovations as a positive sign for future firm performance and are thus able to support
our third hypothesis.

Table B-10. Regression results (hypothesis 3)

Model 5 Model 6 Model 7
Method panel fixed effects panel fixed effects panel fixed effects
. 1-year analyst 2-year analyst 3-year analyst
Dependent variable forecast (EPS) forecast (EPS) forecast (EPS)
Hypothesis 3:
digital business model innovation 1.269 ** 1.120 * 1.130 *
(0.040) (0.068) (0.062)
Controls
return on equity 0.001 -0.002 -0.003
(0.870) (0.613) (0.396)
profit margin 0.234  *** 0.189  *** 0.149 **
(0.003) (0.005) (0.013)
Capex -0.049 -0.067 -0.069
(0.508) (0.338) (0.325)
R&D intensity 0.515 0.429 0.374
(0.121) (0.213) (0.257)
liquidty -0.05 -0.041 -0.04
(0.207) (0.290) (0.321)
leverage -0.067  ** -0.065 ** -0.063  **
(0.031) (0.032) (0.042)
capital intensity -0.071 -0.071 -0.098
(0.468) (0.483) (0.352)
size 0.308 0.064 -0.148
(0.646) (0.922) (0.841)
sales growth 0.388 0.323 0.363
(0.366) (0.456) (0.416)
analyst coverage 0.067 0.086 0.092
(0.373) (0.243) (0.205)
GDP growth -0.04 -0.082 -0.094*
(0.549) (0.128) (0.099)
constant -0.905 3.717 8.447
(0.939) (0.758) (0.532)
time effects yes yes yes
adjusted R2 0.216 0.254 0.261
N 974 977 943

¥ *x and * indicate significance at the 1%, 5%, and 10% levels (two-tailed), respectively. Standard errors are
heteroscedasticity consistent. P-values are reported in parentheses. Observations are on a quarterly basis in order to
better allocate the reaction of analysts to the respective digital business model innovation.

1.6 Discussion of Findings

Digital innovation is seen as a valuable opportunity for automotive OEMSs, as it propagates
the diversification of their portfolios by augmenting and enhancing previously existing
business models and generating radically new ones (Hylving et al., 2012; Jonsson et al.,
2008). As digital innovations become a “strategic imperative” (Hylving and Schultze, 2013, p.
14), in order to stay relevant, OEMs must not only adapt to emerging digital eco-systems but
also develop their own digital innovations and incorporate them into business models to
account for changed customer behaviors and deliver attractive digital user experiences.
Knowledge that is fundamentally different from the engineering, physical product-based field
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of expertise is required to do so. While prior research on the emerging theme of digital
innovation has focused on the internal perspective on automotive OEMSs in order to examine
how they manage to evolve towards the digital paradigm (e.g., Hylving and Schultze, 2013),
we concentrated on the impacts of OEMs’ strategies to become digital innovators by
obtaining external knowledge through digital technology-related M&As. To the best of our
knowledge, we are among the first to empirically study the impacts of such strategic actions
(Lin, 2009) in the context of and with special reference to the digital transformation of an
industrial-age industry (Yoo et al., 2010b).

Conducting panel data regressions, we found that digital technology—related M&As are
positively associated with digital business model innovations. When assessing prior literature
on M&As and innovation, this finding is not obvious as they have often been reported to have
negative impacts on innovation in various industries (see De Man and Duysters, 2005),
including the automotive industry (Lin, 2009). However, a physical player that acquires a
digital one to develop innovations that are primarily a combination of physical and digital
elements (Yoo et al., 2010b) seems to be a situation in which the complementariness
between the actors results in positive innovation outcomes (Makri et al., 2010). While big
distances in knowledge due to differences in skills, languages or cultures and the resulting
organizational efforts have been found to have a negative impact on post M&A innovation
within the same contexts (e.g., Ahuja and Katila, 2001), they are of particular value in the
digital transformation of industrial-age industries. The findings indicate that by acquiring
external heterogeneous knowledge via M&As, automotive OEMs avoid the trap of deploying
the same processes and mindsets they established for physical innovations (Hylving and
Selander, 2012) and thus are able to embrace the full potential of digital technologies
(Henfridsson et al., 2009). By doing so, OEMs can also ensure complementarities of their
offerings to the surrounding digital eco-systems, which is a key success factor of IT-enabled
business models (Rai and Tang, 2014). Furthermore, when looking at the emerging research
stream on digital innovation (e.g., Fichman et al., 2014), our results support the peculiarities
of this type of innovation, which implies openness towards and integration of diverse external
knowledge sources (Hylving and Selander, 2012). As digital innovation is a distinct
phenomenon, empirical results derived from investigations of external collaborations in other
forms of innovation cannot be applied, even if they focus on the same industry (e.g., Lin,
2009). While prior research (e.g., Hylving and Selander, 2012) has highlighted the internal
tensions resulting from, e.g., following two different types of innovation logic, our results
indicate that acquiring targets — and thus knowledge, skills, and mindsets — from the digital
space can be a way to resolve these tensions.

The relationship between digital technology-related M&As and digital business model
innovations was in turn found to be positively influenced by the amount and kind of an
organization’s experiences with M&As. Following theory on absorptive capacity (Cohen and
Levinthal, 1990), knowledge gathered in the past drives the capability to identify and
integrate external knowledge in the future (Zahra and George, 2002). We demonstrated that
firms experienced with collaborations in general, but also with early digital technology—
related and heterogeneous partners, are best suited for making use of digital M&As and
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translating them into digital business model innovations. The variety in the knowledge
gathered is of particular importance. Desyllas and Hughes (2010) point out that firms with
general and diversified knowledge bases, in contrast to those with very focused ones, are
less susceptible to organizational inertia and core rigidities that hinder their ability “to select
suitable acquisition targets and exploit the acquired knowledge base” (p. 1118).
Consequently, they are better positioned to profit from unrelated acquisitions, as managerial
attention is less distracted from innovation (Desyllas and Hughes, 2010). Thus, absorptive
capacity that builds upon knowledge acquisitions from diverse sources is a key competence
for digital innovators, as it fits digital innovation properties that have been described multiple
times as building upon diverse knowledge from distant areas (e.g., Yoo et al., 2012).

However, our results also highlight the importance of having gathered digital technology—
related knowledge in the past. Even though digital innovation implies the use of
heterogeneous external knowledge, there should at least be some overlap in the knowledge
bases to be able to identify and acquire it (Cloodt et al., 2006). Hence, OEMs with a more
long-lasting experience with external digital technology—related knowledge might be better
equipped to identify suitable collaboration partners and understand the different types of
innovation logic as they have already internalized some related knowledge by early
acquisitions, which provides fruitful ground for new digital knowledge (Prabhu et al., 2005).
Due to the different properties of digital and physical technologies, such a pre-understanding
can help to mitigate the tensions that can result from combining the two for digital innovation
(Hylving and Selander, 2012).

Based on our analysis, we found that digital business model innovations by automotive
OEMs indeed positively impact performance forecasts. These results indicate a tremendous
transformation in the role and importance of IS in this industry; while IS have always been
relevant, in former decades they generally supported businesses in production or
administration processes (King and Lyytinen, 2004). As we focused our analysis on digital
technology-driven changes at the business model, the activities there and the positive
feedback from the capital market reveal the increased value of IS in the automotive industry.
Hence, the digital transformation of business has reached industries that must rely on a
substantially physical core, in contrast to, e.g., the media (Hanelt et al., 2015b). Even in such
an industrial-age setting (Yoo et al., 2010b), incumbents in physical industries must develop
digital business strategies (Bharadwaj et al., 2013; Setia et al., 2013) to meet the
expectations of analysts. With our findings on the business model level, which logically
connects business strategy and business processes (Al-Debei and Avison, 2010), we
document that incumbents in the automotive industry have started to do so as digital
business models are instances of digital business strategies. Our findings suggest that the
capital market values the efforts of those companies that did not “passively observe the
evolution by which digital technology eventually transforms their industry and value
propositions” (Hylving et al., 2012, p. 15) but rather proactively used them to innovate their
business models.

89

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



B.lll.1 — Study 3: Entering Digital Era — The Impact of Digital Technology-related M&As on
Business Model Innovations of Automobile OEMs

Our study contributes to the IS community in three specific ways. First, we provide empirical
evidence for the digital transformation in primarily physical industries and thus follow Yoo et
al.'s (2010b) call to investigate this highly relevant phenomenon as well as Lucas et al.’s
(2013) invitation to examine IS-driven transformations. We do not only shed light on how
incumbents can master the digital transformation, i.e., by being open towards and integrating
heterogeneous external knowledge, but also demonstrate the positive impacts and
importance of digital business model innovations on future profit expectations. Moreover, our
findings document an enormous increase in the role and importance of IS to be played for
business success even within physical industry firms (Guilemette and Paré, 2012). Because
of this relevance, the results of this study underpin the notion that IS strategy research needs
to increasingly contribute to strategic management research in general (Merali et al., 2012).
Second, our findings point at the importance of absorptive capacity for realizing digital
business model innovations. The ability to identify, integrate and utilize external knowledge
and especially diverse and distant knowledge is likely to be a major determinant for future
business success in digital business eco-systems. Although the construct has been of
importance for IS research before (Roberts et al., 2012), it is likely to increase in value for the
community to examine organizational impacts of digital transformation as digital innovation,
per definition, requires integrating diverse and dispersed knowledge (e.g., Yoo et al., 2012).
Third, drawing on Chesbrough’s (2007) claim that today’s innovation must include business
models rather than R&D or technology, we introduced a new innovation measure based on
hand-collecting firms’ announcements from the Lexis-Nexis database (e.g., Aggarwal et al.,
2006; Dewan and Ren, 2007; Miranda et al., 2012). We suppose that this approach
embodies a reasonable alternative for measuring innovation outcomes. Previous studies
have mostly used patents and R&D expenditures (e.g., Abernathy and Chakravarthy, 1979;
Benner and Tushman, 2002; Griliches, 1984; Henderson and Cockburn, 1996). However, in
the automotive industry, a large share of R&D expenditures is related to traditional
manufacturing innovation and not grounded on digital technologies; further, a variety of
innovations that are in our focus are not patented or not patentable at all (Ahuja and Katila,
2001; Cohen and Levin, 1989; Griliches, 1990). As prior research (e.g., Al-Debei and Avison,
2010; El Sawy and Pereira, 2013) has pointed at the importance of the business model
construct when it comes to digital technology, we contribute in transferring this business
model lens also to the empirical evaluation of digital innovation efforts.

Moreover, our study has valuable implications for business practice. As our findings indicate
that digital business model innovations are evaluated as a positive sign for future firm
performance on the capital market, they emphasize the need for managers, even in
industrial-age industries, to be alerted to the transformative impact of digital technologies on
their businesses. Thus, also in primarily physical industries (Hanelt et al., 2015b), managers
need to formulate a digital business strategy (Bharadwaj et al., 2013) to pro-actively adapt to
the emerging risks and opportunities. Our study provides evidence on the effectiveness of
acquiring external, heterogeneous knowledge to drive digital business model innovations.
However, managers must avoid the pitfall of assuming that just “buying” this knowledge on
the market is sufficient to succeed innovating digitally. In contrast, our study shows that they
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need to work on their organizations ability to identify, integrate and commercialize this
valuable and diverse knowledge, as, due to the distinct characteristics of digital innovation
(Yoo et al., 2012), it will be a core competence in the digital era.

1.7 Limitation and Future Research

Our study has some limitations worth noticing. First, we restricted our sample to the
automotive industry. Although it represents a class of traditional, manufacturing-focused
industries, the generalizability of our findings is limited. Therefore, to glean more general
insights that are also valid for other primarily physical industries, further research should
repeat the study in other industries. Second, the dependent variable — digital business model
innovations — relies on a secondary data analysis concerning press releases published by
the firms themselves. Here, we followed a commonly applied approach (e.g., Aggarwal et al.,
2006; Dewan and Ren, 2007; Miranda et al., 2012). However, the results must be viewed
with a critical eye because they rely on subjective announcements by the firms’ press
departments. Further, the thoroughness needs to be questioned to a certain degree, as
business model changes must not necessarily be announced. The retrieval strategy is based
on an established approach conducted by Hanelt et al. (2015b) to ensure an appropriate
assessment of relevant trends in digital technologies. Nonetheless, the identification and
characterization of digital business model changes is not free from subjectivity, a
circumstance that is shared with other studies applying similar approaches (e.g., Dewan and
Ren, 2007).

The results of our study provide fruitful insights on the digitalization of primarily physical
industries. However, we focused on one single source of external knowledge (i.e., M&AS)
and one single industry (i.e., the automotive industry). Thus, further research is needed to
understand this facet more completely. A promising area of further research would be to
repeat the study in other industries in order to obtain more general insights that are also valid
for other primarily physical industries. Expanding the focus on other sources of knowledge
such as strategic alliances (e.g., De Man and Duysters, 2005), but also internal sources
might be another encouraging aspect.

Moreover, while the results of our study indicate that digital technology—related M&As
enhance the digital business model innovativeness of OEMs, the deeper dimensions of both
M&A activity and business model innovations offer exciting perspectives for future research.
Considering the concept of absorptive capacity, the type and specifics of the respective
knowledge bases are of great importance, as various characteristics challenge the ability of
firms to integrate and apply external knowledge to varying degrees. Here, a more in-depth
analysis might provide promising insights for the community. Also interesting are the
dimensions of business model innovations (e.g., Cavalcante et al., 2011) resulting in different
forms of radicalness. For instance, existing business models can be simply extended by
means of digital capabilities, while others might follow a substitution approach describing a
truly disruptive impact (Hanelt et al., 2015a). Besides further investigations on a quantitative
level, qualitative, in-depth analysis could help us to understand how organizations absorb
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and use external digital technology—related knowledge. The challenges arising from the need
to integrate physical and digital logics is of particular interest for the emerging stream of work
on digital innovation. In this regard, we would point to an interesting and current Delphi-study
drawing on insights from automotive managers on these issues (Piccinini et al., 2015a). The
main focus of our study lies on OEMs’ strategies of acquiring external knowledge for
fostering their digital business model innovativeness. However, as the commercialization
phase described by West and Bogers (2014) is strongly connected to economic benefits, we
additionally give a first indication on a positive correlation between digital business model
innovations of OEMs and predicted future firm performance. Therefore, an investigation of
realized benefits from digital business model innovations and a deeper understanding on the
interdependencies between digital business model innovations and OEMs’ actual firm
performance would be another promising direction for further research.

1.8 Conclusion

Employing a multivariate regression analysis based on a longitudinal panel including the
world’s largest automotive manufacturers between 2000 and 2013, our findings demonstrate
that players from the physical world can use digital technology-related M&As to achieve
progress in the digital transformation and close the emerging capability gaps for digital
innovation (Henfridsson et al., 2009). This strategy of sourcing heterogeneous external
knowledge for developing new business models is particularly suited to the elements and
requirements of digital innovation, which have been described as convergent, distributed,
and combinatorial (Yoo et al., 2012). Thus, through M&As, physical incumbents can acquire
the complementary knowledge necessary for business models that build upon hybrid
physical-digital technology combinations. The optimal returns can be achieved if they already
have a base knowledge on digital technologies and are able to professionally handle diverse
external collaborations by drawing on an absorptive capacity, which is shaped by diversified
M&A experiences. Thus, with our work we add to research on digital transformation and
digital innovation, which has primarily described the changes occurring and their
consequences for organizations. We contribute an investigation of a specific response
strategy for incumbents, i.e., acquiring the necessary external knowledge via M&As, as well
as an assessment of their effectiveness that includes specific organizational contingencies.
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1.9 Appendix

1.9.1 Descriptive examples for variable coding

Table B-11. Examples of coding of digital M&As

Year Target Name Acquiror Name  Target Full Business Description

Fast GmbH, provides information technology consultancy services such as
2006 Fast GmbH BMW design and development of web portals, internet, intranet and database
applications [...]

TAC Centre Inc, located in Westwood, Massachusetts, develops
communication solutions. The company offers solutions like IP telephony,

2009 TAC CentreInc Daimler contact centre, data networking, mobility, unified communications, video
conferencing, small and medium business, physical infrastructure, IT
security, disaster recovery, carrier services, and cabling [...]

Intelligent Apps Intelligent Apps GmbH, located in Hamburg, Germany, develops taxi

2012 GmbH Daimler booking software. It operates a platform 'mytaxi'. [...]
Myine Electronics Inc, located in Ferndale, Michigan, US, is a developer of
Myine Electronics automotive music solutions. Doing business as Livio Radio, it develops
2013 Ford . . . . .
Inc software to let drivers access their electronic content through their vehicles
(-]
Table B-12. Examples of coding of digital business model innovations
Year OEM Name Text

[...] Services such as automatic collision notification and one-press-of-the-button
emergency call response will provide BMW drivers with the latest advances in summoning
assistance and emergency medical help. Location-based roadside assistance will be

2001 BMW delivered by Cross Country Automotive Services in concert with ATX Technologies. This
telematics solution will be able to accurately locate motorists who require roadside
assistance in the United States and Puerto Rico, in turn allowing prompt dispatching of the
nearest available service provider. [...]

[...] The Ford-exclusive technology based on Microsoft Auto software, called Sync,
provides consumers the convenience and flexibility to bring into their vehicle nearly any
mobile phone or digital media player and operate it using voice commands or the vehicle's
2007 Ford steering wheel or radio controls [...]The ability to upgrade Sync, control all portable
electronic devices via voice commands, offer a USB port to connect storage devices and
recharge electronics puts this technology well beyond technology available today --
including Bluetooth, hands-free offerings or portable music device connections. [...]

[...] Through innovative technology integration, RelayRides will leverage OnStar to allow
RelayRides borrowers to unlock GM cars with their mobile phones. For vehicles that are
2011 General Motors not OnStar enabled, RelayRides must install a small device in the car to provide
convenient access to borrowers. The integration makes all eligible OnStar vehicles
immediately "RelayRides ready" without having to install additional hardware. [...]

[...] With the smartphone app, customers can easily and conveniently compare mobility
options such as car2go, taxis, ridesharing services, and local public transport in terms of
various parameters, e.g. trip duration and costs. Just a few clicks is all it takes to come up
with the right solution for an individual's personal mobility requirements. In the future,
moovel customers will be able to find their preferred mobility option with the app and make
all the necessary reservations and payments in a one-stop shopping system [...]

2013 Daimler
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IV. The Potentials of Digital Technologies to Improve Value
Creation and Capture in Disruptive Mobility Business
Models

As the previous chapter provided insights on how incumbent mobility firms adjust their
business models in response to digital technologies, the following chapter employs a specific
focus on how digital technologies improve value creation and capture in disruptive mobility
business models.

To do so, two studies were conducted. Study 4 employs a large-scale conjoint analysis
among carsharing customers to provide insights on how digital technologies improve the
attractiveness of disruptive mobility business models for their customers. Study 5, drawing
from a large-scale quasi-experimental research design — also situated in a carsharing context
— complements this view by providing insights into the changing role of consumers in digital
business eco-systems and their impact on how value is created and captured.

Carsharing is considered to be valuable showcase for disruptive business models for several
reasons. Despite relying on automobiles, carsharing represents a disruptive threat to
established business models of the dominant automobility regime. For example, each
carsharing vehicle, due to its superior utilization rates (Schuster et al., 2005), comes with the
potential to replace 9 to 13 privately owned vehicles (Martin et al., 2010). Moreover, the
underlying service business model induces changes in peoples’ mobility patterns by
decreasing the total number of kilometers driven by car (Sioui et al., 2013) and by
reallocating travel demands to other more sustainable means of transportation, such as
trains and buses (Spickermann et al., 2014; Willing et al., 2017). In addition, the concept of
carsharing is comparatively mature in comparison to other mobility niches, such as electric
mobility or intermodal travel. These niches are still caught in a world of regimes and therefore
often remain piecemeal, tentative, and lacking an overarching supportive coalition (Geels,
2012; Parkhurst et al., 2012). Meanwhile, a variety of firms from diverse sectors have started
to shift their focus towards carsharing, including automobile manufacturers (e.g., BMW with
DriveNow and Daimler with car2go), traditional car rental companies (e.g., Avis with Zipcar),
transportation service providers (e.g., Deutsche Bahn with Flinkster), and various startups
(e.g., Drivy) (Remane et al., 2016b). As a result, the number of carsharing customers in
Germany has increased notably from 116,000 in 2008 to 1,715,000 in 2017 (Bundesverband
CarSharing, 2017).
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Result-oriented services that provide mobility on demand seem to be a
promising means of meeting both societal trends and environmental
sustainability targets. In this paper, we investigate the contribution of
Information Systems (IS) to drive this substantial business model change
towards sustainable mobility from a customer’s perspective. While doing so,
we focus on the specific case of carsharing — a result-oriented mobility
service that has been known for decades, which is recently receiving more
attention due to environmental concerns. Employing a choice-based conjoint
analysis (n = 221), we explore and evaluate the role of IS for the perceived
attractiveness of carsharing. With our investigation, we show how IS, by their
three functions of information, automation and transformation, may improve
this sustainable form of individual mobility and thus contribute to the shift
towards sustainable mobility.

Keywords

Sustainable Mobility, Business Model Innovation, Carsharing, Product-
Service Transition, Conjoint Analysis

95

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.

Es gilt nur fir den persénlichen Gebrauch.




B.IV.1 — Study 4: The Value of IS in Business Model Innovation for Sustainable Mobility
Services — The Case of Carsharing

1.1 Introduction

Mobility and transportation account for an enormous proportion of environmental degradation
and are thus one of the most important fields of activity for achieving environmental
sustainability (Murphy and Delucchi, 1998; Samaras and Meisterling, 2008). Attaining
sustainable mobility requires not only new technologies, e.g., electric vehicles, but also
alternative business models different from the product- or ownership-based forms of
individual mobility (Wells, 2013).

Thanks to pioneering research in recent years by, e.g., Corbett et al. (2011), Elliot (2011),
Melville (2010), vom Brocke et al. (2013), and Watson et al. (2010), the topic of
environmental sustainability has been introduced to the Information Systems (IS) community.
Within this area, both the potential decreasing of the environmental footprint of Information
Technology (IT) as well as the possibility of using IS to enhance the environmental
performance of other areas have been discussed (Kossahl et al., 2012). However, the
community’s understanding of the ability of IS to increase the attractiveness of green
practices, e.g., by driving business model innovations, for potential customers is still rather
limited.

When focusing on this potential in the mobility sector, it must be taken into account that the
industry is undergoing major changes, as it is affected by contemporary mega-trends
(Seeger and Bick, 2013). Besides the increasing environmental pressure, urbanization
increases traffic and congestion in cities and strains limited parking space (Prettenthaler and
Steininger, 1999). Therefore, future (passenger) transportation systems look for alternatives
to privately owned cars in the form of flexibly provided mobility. The focus shifts from
ownership of a vehicle to the use of mobility services to fulfill individual mobility demands
(Nykvist and Whitmarsh, 2008). “Mobility as a service (MaaS) is arguably an idea that has
already arrived, via services such as carsharing and wider solutions involving multiple modes
of transport booked through a single provider” (KPMG, 2014). Carsharing can be seen as
one potential solution to transfer society from ownership to service use, and thus, to cope
with a variety of environmental problems (Prettenthaler and Steininger, 1999). But, compared
to owning a car, traditional carsharing results in a loss of convenience and certainty, which
decreases its desirability for users (Salon et al., 2000). IS have the potential to make such
sustainable business models more attractive and thus drive the sustainable transformation of
future mobility.

Along with these trends comes the increasing penetration of IS in everyday life (Yoo, 2010).
In Western societies, large proportions of the population are equipped with smartphones or
tablet PCs connected to the web. These digital devices lead to a changing role of
consumers: They are more informed, are able to choose among more alternatives, and are
generally more empowered with respect to the suppliers (Lucas et al., 2013).

In this paper, we want to investigate the role of IS in service-oriented business models for
sustainable mobility from a customer’s perspective, specifically for the case of carsharing —
one of the most interesting and already deployed application areas of future sustainable
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mobility (Prettenthaler and Steininger, 1999). We assume that the recent developments in IS
are a major reason for the recent expansion in carsharing (Barth et al., 2003; Wagner and
Shaheen, 1998). New carsharing business models have a high degree of IS coverage,
including locating, booking, and accessing the vehicle via smartphones; and collecting trip
data. We further assume that with modern IS, carsharing has the potential to gain massively
in attractiveness for customers and thus drive the transformation towards sustainable
mobility. In order to investigate these assumptions, our study examines the following
research question:

How do IS influence the attractiveness of service-oriented mobility business models from a
customer’s perspective?

In order to answer this question, we employ a conjoint analysis based on a survey of 221
(final sample) carsharing customers to determine which application fields of IS they value
most.

1.2 Theoretical Foundation

1.2.1 IS for Environmental Sustainability

Environmental sustainability, referred to as Green IS within the IS community, has become
an interesting topic in recent years (e.g., Watson et al., 2010). Many new investigations have
come into focus, but there is a strong need to catch up in order to counteract the magnitude
of this problem (Vom Brocke et al., 2013). Following Kossahl et al. (2012), Green IS is
composed of its two subfields: “Green by IS” and “Green in IS”. Research following the
“Green in IS” stream analyzes and aims at minimizing the direct effects of IS on the
environmental sustainability of businesses (Kossahl et al., 2012; Wunderlich et al., 2013). In
contrast, “Green by IS” research relies on businesses’ overall environmental sustainability
and thus focuses on the indirect contribution of IS (Wunderlich et al., 2013). The latter
concept can, in general, be applied to all domains. As a starting point, Watson et al. describe
the potential of IS for the sustainable transformation of the energy domain (Watson et al.,
2010). The authors introduce “Energy Informatics” as a new subfield in IS and demonstrate
how the efficiency of energy systems can be increased by IS that, e.g., coordinate supply
and demand.

In the mobility domain, the topic of electric mobility has gained some attention from the
community (Brandt et al., 2012). Here, research has predominantly focused on the question
of how vehicle charging interacts with the energy system (e.g., Brandt et al., 2012), though
further investigations have been made, including research on decision support systems for
the optimization of carsharing stations (Rickenberg et al., 2013). Hilpert et al. (2013) develop
a Green IS artifact that tracks the greenhouse gas (GHG) emissions of vehicles and supports
knowledge gathering and decision making for sustainable business practices. Corbett et al.
(2011) investigate the connection between IS and environmental-sustainability measurement
principles and point out that IS in the form of vehicle telematics can contribute to better
environmental decision making. Furthermore, Ferreira et al. (2011) propose a Multi-Modal
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Transportation Advisor system, based on the integration of various data sources, such as
public transportation systems, car and bike sharing, and carpooling. Considering carsharing
and carpooling, investigations have been conducted particularly in the form of optimization
algorithms (Chen et al., 2011; Son et al.,, 2012; Weikl and Bogenberger, 2012). As these
examples demonstrate, initial research in the field of Green IS focuses on how IS can
contribute to designing greener, i.e., more environmentally sustainable, processes. While this
is an extremely important perspective, research has largely left out — to the best of our
knowledge — another facet: The role of IS in innovating green business models to make them
more desirable. Research on sustainable business models from the perspective of the IS
community is thus rather scarce, an exception being (Lee et al., 2011) who describe the use
of mobile technology in electric vehicle carsharing.

1.2.2 Product-Service Transition of Mobility Business Models

Service-oriented business models are described as having advantages for both the customer
and the supplying firm: The former may experience a higher degree of flexibility and fewer
risks (e.g., vendor lock-in). Firms can differentiate themselves through services and develop
a deeper relationship via the continuous contact involved in service business models and,
thus, experience economic advantages in the long run compared to the punctual product-
sale business (Oliva and Kallenberg, 2003; Vargo and Lusch, 2004).

The topic of product—service transition is directly connected to the business model
perspective, as it concerns what kind of value is delivered in which way and under which
conditions to target customers (Osterwalder et al., 2005). Amit and Zott (2001) define the
business model as "the content, structure, and governance of transactions designed so as to
create value through the exploitation of opportunities”. Business model innovation has
recently been described as a promising strategy for sustainable development (e.g.,
Schaltegger et al., 2012). In the domain of mobility, service business models that are able to
substitute for the prior dominant product have been described as contributing to sustainability
(Wells, 2013).Williams (2007) has described three different service types in more detail for
the automotive industry. According to the author, product-oriented services include services
such as vehicle maintenance. Use-oriented models are services such as car-leasing or rental
services (against a regular fee). Result-oriented services comprise sharing or leasing
services with pay-per-use pricing or integrated mobility schemes including several means of
transportation. In this last category, the key role of IS is explicitly mentioned, e.g., for
providing users with information about their travel (Williams, 2007).

With respect to environmental sustainability, the use- and result-oriented services are of
particular value, as they hold the potential to substitute for individual car ownership. Through
pooled or shared use, a greater efficiency in vehicle deployment, and thus resources, can be
achieved (Ceschin and Vezzoli, 2010; Geels, 2012). A slow product-to-service shift can be
recognized in mobility demand, and car manufacturers have reacted by offering carsharing or
rental services (Nykvist and Whitmarsh, 2008). The increase in mobility’s service proportion
is recognized as being connected with IS (Nykvist and Whitmarsh, 2008). Wagner and
Shaheen (1998) describe the mobility service of carsharing as “an alternative to satisfying
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the demand for individual mobility, while encouraging collective transportation when it is
convenient and cost effective for the individual”. It does not have to be seen as a substitute
transportation mode, but rather as a complementary one (Prettenthaler and Steininger,
1999). Thus, carsharing aims at bridging the gap between individual transportation and
existing, more sustainable modes of transportation by offering a flexible, short-term mobility
solution. The idea of carsharing is not new. Early experiences with sharing cars in Europe
were made by companies such as Sefage, which was established in Zurich, Switzerland, in
1948 (Harms and Truffer, 1998). Various other systems arose and disappeared during the
1970s and ‘80s (Shaheen et al., 1998). Over the last decades, however, carsharing has
undergone a massive expansion (Shaheen and Cohen, 2007). Nevertheless, convenience
and flexibility remain critical success factors. Compared to outdated, manual instances of
carsharing, equipping vehicles with modern IS allows providing more convenient and more
flexible services to the users; facilitates provider's operation and management of services;
and provides additional security, e.g. in terms of vehicle access or knowledge of vehicle
locations (Shaheen et al., 1998).

1.2.3 IS as a Driver of Service-oriented Sustainable Business Models

In the manufacturing industry, Zolnowski et al. (2011) describe the data connection that can
be established between the provider and the customer through IS, enabling the monitoring
and controlling of machines and resulting in new service-oriented business models. Just as
in other industries, 1S has the potential to drive the service-oriented transition in the mobility
sector. The role of sensor data for new business models in the mobility sector has been
described with respect to vehicle insurance (Desyllas and Sako, 2013). In this context, a
metering device collects data on the driving profile and transmits it to the insurance company
so that the premium can be calculated (Desyllas and Sako, 2013). King and Lyytinen (2004)
describe how IS enables new services in the mobility sector by combining geographic
location, automobile performance monitoring, operator behavior, and time monitoring
technologies in mobility service offerings.

These examples have been discussed in research under the theme of telematics (Kuschel
and Dahlbom, 2007). Nevertheless, they describe rather product-oriented services (Williams,
2007). Lenfle and Midler (2009) claim that modern technologies recently boosted the
development of car-related telematics services (navigation, remote diagnostics, etc.). But
progress in IS, especially in digital technologies (e.g., smartphones), drives an even larger
change: The move towards result-oriented mobility services that would have enormous
positive impacts on the environment. This impact occurs as follows: Through digital
consumer devices, not only is the connection between a vehicle and a service provider
enabled by IS, but also the connection of the user and the vehicle. For example, vehicles can
be located via smartphones drawing on GPS signals (King and Lyytinen, 2004). The
combination of vehicle-related telematics, positioning data, and customer technology creates
a digital eco-system that can have a truly disruptive effect on business models as it enables
the major consumer trends found by Seeger and Bick (2013) that will shape future mobility:
“Ownerless, simplicity, eco-lifestyle and personalization”. Mobility packages that are based
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on a variety of transportation modes must be offered to customers. In this context, Wagner
and Shaheen (1998) as well as Barth et al. (2003) emphasize a need for interoperability,
both among carsharing service providers as well as transit operators, in order to reach higher
customer satisfaction and use. Customers should not just be able to use vehicles belonging
to one single mobility provider; they should be able to book any desired car (and other
transportation systems) independent of provider and area. Furthermore, it is essential to
facilitate intermodal changes between different transportation modes and reduce switching
times, thus reducing customers’ transaction costs (Wagner and Shaheen, 1998).The
attractiveness of such business models can be leveraged by advanced IS applications, i.e.
by drawing on the three functions of IS that have been described in literature: (1) automating
business processes, e.g., when locating the vehicle; (2) information for strategic purposes
(“informate-up”), e.g., for business model design, (“informate-down”), e.g., for maintenance
planning; (3) transformation of existing processes and relationships, e.g., pay-per-use
mobility services (Dehning et al., 2003; Schein, 1992; Zuboff, 1988).

1.3 Methodological Approach

As we aim to discover and evaluate the role of IS in future sustainable mobility business
models from a customer’s perspective and to better understand customers’ preferences
concerning the scope of IT integration in carsharing services, we conducted a conjoint
analysis (CA). CA (with its variants) is a multi-attribute preference-measurement technique
that has come into widespread use in marketing (Wertebbroch and Skiera, 2002). In IS, this
technique has been carried out, e.g., to determine the value of privacy in online social
networks (Krasnova et al., 2009), and to investigate consumers’ preferences concerning
platform as a service solutions (Giessmann and Stanoevska, 2012). CA follows the basic
idea of presenting different product alternatives (stimuli) to the participants for evaluation. It is
a decomposition approach that assumes the utility of a product is determined by its
characteristics (attributes), which can take various values (levels) (Kuzmanovic et al., 2011).
Thus, this method allows researchers to explore and quantify the underlying value system
within a consumer’s decision (Johnson, 1974). Since we aim to investigate consumers’
preferences related to IT integration in carsharing services and to find out, in which
application fields are valued most, CA is an appropriate means, since this method allows us
to analyse trade-offs among consumer values (Johnson, 1974). The determination of an
appropriate conjoint variant must be in line with the objective to be studied. Considering the
high level of abstraction and the scope of IT integration in carsharing services, the complexity
of the stimuli should be kept as low as possible. Based upon Orme (2009), we found the
choice-based conjoint analysis (CBC) to be most suitable. CBC has become the most
frequently used variant of conjoint analysis (Hill, 2013). This method combines conjoint
analysis and discrete choice experiments, and it is assumed that consumers aim to maximize
their utility within their purchase decisions. Thus, the preference structure is not determined
by ratings or rankings as in the other CA variants but by discrete choice and non-choice
decisions regarding the various stimuli. Applying the CBC for our survey delivers some
advantages: First, the high cognitive load of the subjects by a ranking or rating can be
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reduced. Second, CBC allows us to integrate a non-purchase option into the choice
experiment so that participants are not forced to select unacceptable alternatives.

1.3.1 Conjoint Design

One of the most critical parts of designing a conjoint experiment is the identification of proper
product attributes and levels (Orme, 2002). Therefore, we first analyzed scientific literature
dealing with IT integration in carsharing (e.g., Barth et al., 2003; Katzev, 2003; Shaheen and
Cohen, 2007; Wagner and Shaheen, 1998; Wagner et al., 2014) and evaluated the service
offerings of various carsharing providers. We created an initial list of 14 attributes and 36
levels for our survey. In a second step, we carried out focus group discussions with two
regional and two national carsharing providers in order to validate the initial list of attributes
and levels. This also helped us with prioritizing attributes and reworking the attribute levels.
Following the guidelines by Orme (2002), a final list of 7 attributes and 14 attribute levels was
determined (see Table B-14).

Table B-14. Explanation of attributes and levels

Attribute Explanation of the Attributes and Levels Levels
Reservations can be made either by calling a reservation  via phone:
Reservation center or via the internet, which also includes mobile . . )
L = online (website) or via app
applications (Barth et al., 2003).
Two different approaches can be distinguished. First, there
is stationary carsharing, in which users pick up a car at = vehicles are located at fixed stations:
Vehicle one of several stations (Katzev, 2003). Second, in free- . ) . .
. . ] . . = vehicles are spatially dispersed - location
location floating carsharing, cars are spatially dispersed. Here, the )
user can locate the vehicle with his smartphone (Wagner via app
etal., 2014).
We differentiate between access via key and keyless = key has to be picked up at a station and
Vehicle access. In a key scenario, vehicle keys are normally stored needs to be returned there:
in lockboxes. Keyless access encompasses locking and ) )
access = access the vehicle with

unlocking vehicles directly via smartcard (Barth et al.,
2003).

smartphone/membership card

Metering and

In manual systems, users are usually encouraged to keep
a trip logbook by writing down the time and mileage at the
beginning and end of a trip. On-board data-acquisition

= fixed hourly and mileage rate according to

paper and pencil-trip logbook;

accounting ) ] = automated usage-based accounting (time

hardware allows automated accounting by recording, )

. ) and mileage)
storing and processing of relevant data (Barth et al., 2003).
= no online account available;
Online A personalized online account with information about trips . _ . .
) = online account with information about trips
account and cost overview .
and cost overview

Following the idea of usage-based insurance, a monetary = no incentive scheme available:

Incentive incentive scheme based on vehicle sensor data can be . L .
) ) = cautious driving is rewarded with cash

scheme used to motivate consumers adopt a more sustainable

driving behavior.

premiums

Interoperability

As pointed out in Chapter B.IV.1.2.3, we integrated the
need for interoperability.

= customer account exclusively for a
carsharing provider in one city;
= customer account allows using various

carsharing offers in various cities
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Our attributes encompass basic processes of using a carsharing service and the need for
interoperability. We chose the attribute levels so that there is one case with low IT usage and
one with advanced technology application. With respect to the cognitive load and reducing
the drop-out-rate, the number of choice tasks was set to 10, each of which included three
stimuli that were presented in text form and the none-option. We computed a randomized
design by using the ‘complete enumeration’ method, which resulted in the highest strength
(d-efficiency) for our design.?

1.3.2 Analysis Method

In CBC, the utility score of a stimulus is determined by the part-worth utilities of all attributes.
Thus, a linear-additive, compensatory utility function is assumed (Shaheen and Cohen,
2007). In contrast to traditional CA, CBC requires an additional model to describe the
discrete choice decisions based upon participants’ utility expectations. Thereby, the most
commonly used method is the multinomial logit (MNL) model (Backhaus et al., 2011; Hill,
2013). For estimating the part-worth utilities and the relative importance of the attributes, we
conducted a logit choice analysis using Sawtooth Software. This estimation is an iterative
approach for calculating the maximum likelihood solution for fitting an MNL model to the data
(Hill, 2013). According to the maximum-likelihood principle, estimations for the part-worths
are determined in order to explain the observed participants’ discrete choice decisions as
precisely as possible (Backhaus et al., 2011; Shaheen and Cohen, 2007).

1.4 Results

During the survey period, a total of 287 respondent data records were gathered. Of these, 66
participants did not complete the questionnaire and were therefore excluded from the
analysis. After exclusion of dropouts, 221 evaluable records remained (termination rate:
77%). The sample consists of 39% female and 61% male respondents. Table B-15 depicts
the sample’s age distribution.

Table B-15. Age distribution

<25 26-35 36-45 46-55 56-65 >65
3.50 % 24.00 % 19.00 % 32.00 % 18.50 % 3.00 %

In order to figure out whether these are occasional or steady carsharing users, respondents
were asked how often they have used carsharing on total and how frequently they use this
service. Table B-16 summarizes the answers given.

Table B-16. Respondents’ previous carsharing usage

Absolutely
more than 15 times 10 — 15 times Less than 10 times
71 % 12.5% 16.5 %
Frequency of use
every day More than once a week 2-3 times per month Less than once a month
1.42 % 11.37 % 31.28 % 55.93%

2 This method considers all possible combinations of attribute levels and generates the most nearly orthogonal design for each
participant, in terms of main effects; within each choice task, the presented stimuli are held as different as possible (Hill, 2013).
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Concerning our conjoint experiment, we conducted logit estimation with a total of four
iterations in order to generate a reliable solution. The model achieved a log-likelihood value
of —2767.2. By comparing this value to the null model (log-likelihood: —3063.71), in which all
estimates are set to zero (Son et al., 2012), the difference results in 296.51. Multiplied with
two, it results in a chi-square of 593.02. The degrees of freedom are obtained by subtracting
the number of attributes from the number of attribute levels including the none-option (Son et
al.,, 2012). Thus, the number of degrees of freedom is 8. Using the chi-square distribution
table, a theoretical value of 20.09 is obtained for 8 degrees of freedom and a significance
level of p <0.01. The chi-square of 593.02 reached is many times larger than this value, so it
can be concluded that the decisions of the participants are significantly influenced by the
different attribute levels. Table B-17 depicts the results of logit estimation and displays the
normalized part-worth utilities for each attribute level, their standard deviations and t-ratios.
Since the part-worth utility reflects respondents’ preferences concerning the attractiveness of
a specific attribute level; the higher this value, the more it is desired. For each single
attribute, part-worth utilities of all levels sum up to zero, and thus, negative values indicate
levels that are not preferred. Studying the resulting part-worth utilities for each level attribute,
we can deduce an ‘“ideal” solution from a customer’s perspective. This solution is
represented by the attribute levels written in bold in Table B-17.

Table B-17. Conjoint results — part-worth utilities

Standard

Attribute Level Part-Worths Errors t Ratio
) via phone -0.463 0.030 -15.399
Reservation
online (website) or via app 0.463 0.030 15.399
vehicles are located at fixed stations 0.209 0.029 7.183
Vehicle location
vehicles are spatially dispersed - location via app -0.209 0.029 -7.183
key has to be picked up at a station and needs to be ) )
returned there 0.149 0.029 5.171
Vehicle access . . )
access the vehicle with smartphone/membership 0.149 0.029 5171
card
. flxed_lh;)yrl?/ agd nlzlleage rate according to paper and 0178 0.029 6.154
Metering and pencil-trip logboo
accounting automated usage-based accounting (time and
mileage) 0.178 0.029 6.154
no online account available -0.269 0.029 -9.236
Online account i ith i i i
online account with information about trips and 0.269 0.029 9236
cost overview
Incentive no incentive scheme available -0.100 0.029 -3.491
scheme cautious driving is rewarded with cash premiums 0.100 0.029 3.491
- customer account exclusively for one carsharing -0.295 0.029 -10.086
Interoperability ~ provider in one city
one customer account allows using various
carsharing offers in various cities 0.295 0.029 10.086
None-option 0.484 0.049 9.935
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In order to examine whether the determined part-worth utilities differ significantly from zero, a
two-tailed t-test was conducted. The null hypothesis states that the estimated part-worth
utilities do not differ significantly from zero and can be rejected at a significance level of 5% if
the t-ratio exceeds the critical value of 1.96 absolutely (Kuschel and Dahlbom, 2007). Thus,
as it can be observed in Table B-17, the hypothesis that our attributes have no significant
influence on the choice decisions is rejected with a significance level of <5% for all attributes
and attribute levels. Since the calculated part-worth utilities for each level are in interval-
scaled form, quantified inferences on the overall relevance of an attribute cannot be derived
directly (Kuschel and Dahlbom, 2007). For this reason, the relative importance is calculated
for each attribute in order to be able to draw conclusions about the influence the respective
attribute has on participants’ choice decisions. The relative importance of an attribute is its
span (the absolute difference between the highest and lowest part-worth utilities) divided by
the sum of spans of all attributes. Figure B-5 illustrates the relative importance for each
attribute. As illustrated, the attribute reservation has the greatest influence on a respondent’s
decision process (27.86%), followed by interoperability (17.74%), online account (16.17%),
vehicle location (12.55%), and metering and accounting (10.7%). Vehicle access (8.94%)
and incentive scheme (6.03%) were slightly less desired by respondents.

30
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o 20

o
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¢ 10 ' 10.70
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[
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accounting scheme
Attribute

Figure B-5. Conjoint results — relative importance

1.5 Discussion of Findings

More than 80% of the survey participants agreed that a carsharing offer that meets their
expectations would lead them to not own a car themselves. Moreover, more than 35% of the
respondents use their own vehicle at least once or twice a week. These numbers indicate the
inherent potential of business model innovations in carsharing, which can be realized by
advanced IS usage. The question of whether or not to use carsharing is thus not determined
solely by the attitude concerning the concept but also by way the user experience is
designed. Here, IS can play a key role. The results of our CA indicate that consumers prefer
the advanced technology case for almost every attribute; the only exception is the vehicle
location.
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Former carsharing services were characterized by time-consuming reservations that involved
calling a reservation center, inconvenient access to the vehicles and massive paperwork for
both the consumer and the provider in order to perform the billing. Following Wagner and
Shaheen (2011), the attractiveness of carsharing can be greatly increased by reducing the
customer’s perceived transaction costs via a reduction of the perceived time and effort it
takes to use the service. Our results indicate that advanced technologies have the potential
to satisfy the customer’s demand for flexibility, spontaneity, and reliable access; provide real-
time information on availability; and allow advanced reservations and automated payment
(Ferreira et al., 2011). These findings can be explained by the aforementioned three roles of
IS: Customers want to use mobility services conveniently, without being forced to perform
time-consuming tasks such as calling a reservation help line, picking up a key to access the
vehicle (and give it back afterwards), or filling in a trip logbook. Therefore, they prefer few-
click reservations, easy and convenient vehicle access, and fully automated accounting
functions. Here, the “automate”-role of IS becomes obvious by replacing manually conducted
steps and thus decreasing the effort needed to use carsharing (Johnson, 1974; Kuzmanovic
et al., 2011; Orme, 2009). As can be seen in the vehicle-reservation or vehicle-access
process steps, it is much easier and faster for customers to get the job done via, e.g.,
smartphone apps. Users can save time by avoiding getting a key or costs by not having to
make phone calls to reservation hotlines.

Cost certainty is also a non-negligible factor; people perceive being able to review their
actual costs at any time as essential. Here, the second role of IS, “informate”, becomes clear
(Johnson, 1974; Kuzmanovic et al., 2011; Orme, 2009). Users experience a higher level of
informedness by using IS (“informate down”). They can access information about their driving
costs in their user account, thus experiencing a higher level of transparency and lower
uncertainty with the use of carsharing. Furthermore, strategic information of the provider is
also enabled by IS (“informate up”), e.g., by remote vehicle-status checks. Additionally, the
ability to track driving profiles through telematics offers the possibility of generating deeper
insights into general mobility demand, a feature of particular interest for mobility providers
and OEMSs. This information supports various strategic decisions, such as those regarding
the usefulness and location of further stations. The data collected further enables new
business models, e.g., selling the insights to city planners who want to reduce traffic
congestion.

Our results confirm the importance of interoperability of services. People prefer using mobility
services independent of the responsible operator and of their location — a concept that
seems unthinkable without IS. Being forced to carry out repetitive registrations whenever
they visit another city is no viable solution; this process is time consuming and, in most
cases, a registration fee is charged. Consequently, people will switch to other transportation
modes such as public transport or taxis. Operators in touristic cities in particular thus miss a
large number of potential customers. Moreover, participants prefer a driving-sensitive
incentive scheme that offers users the possibility of further influencing their mobility costs.
Here, IS with its third role, “transformate” (Kuzmanovic et al., 2011; Orme, 2009) enables
functionalities that would not be possible without IS. Through IS in carsharing, it is easier for
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customers to use this kind of sustainable transportation. Moreover, through the mechanisms
described above, IS increases the economic performance of carsharing by cutting
administration costs or increasing economies of scale. By contributing to the economic
performance of a green means of transportation, both environmental and economic
sustainability are addressed simultaneously. Deploying more IS might make it possible to
bridge the economic—environmental divide that is obvious in our data: More than 72% of the
respondents declared a reduction in their personal mobility costs as important. Over 92%
stated that they want to contribute to environmental sustainability. These two aspects of
cheap and green can sometimes contradict; this debate is known, e.g., from the field of
electro mobility, where new technology promises better environmental performance but is
associated with higher initial costs (Shaheen and Cohen, 2007). Through an enhanced
attractiveness of the carsharing business model, the mobility mix of society at large might be
changed towards increased sharing usage and thus become more environmentally
sustainable. Leaving the specific case of carsharing, our assumption that modern IS has the
potential to massively enhance the attractiveness of service-oriented business models —
which could also include bike, bus or train transport offerings, or peer-to-peer carsharing
offerings is further supported by our findings.

1.6 Limitations and Future Research

Our study has several limitations that must be mentioned, as they could affect the
generalizability of our findings. First, the participants chosen for our questionnaire are all
carsharing customers, since we consider this characteristic to be important for obtaining
qualified responses. Therefore, the participants do not have to be convinced of the value of
carsharing as a sustainable mobility concept. However, it would be interesting to determine
how an optimal carsharing design should look so that it attracts people who have no previous
experience with carsharing. These thoughts may spark further research. Second, when
determining our attributes and attribute levels, we aim to investigate the use of IT in
carsharing operations. Determinants such as the pricing structure are omitted in our design,
although the pricing can be closely related to the use of IT, e.qg., different pricing while driving
vs. parked or dynamic tariffs depending on the time of day or the operator’s actual utilization.
Nevertheless, this complexity is hard to capture in a CA and would probably result in
overloading the participants cognitively. Thus, our approach simplifies real-world decisions
by focusing on the object of investigation. This also applies to our single focus on the
customer’s perspective, which needs to be complemented by also investigating the
carsharing provider’s point of view on the role of IS in further research.

1.7 Conclusion

Alternative business models are necessary for achieving the goal of sustainable mobility, a
key challenge for sustainable development as a whole. Result-oriented services that provide
mobility on demand seem to be a promising means of meeting both societal trends and
environmental sustainability targets. By conducting a conjoint analysis based on a survey of
221 carsharing customers, we were able to demonstrate that IS can play a substantial role in
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(re-)designing mobility services to be more convenient for the user. The results indicate that
customers prefer high-technology operations. By guaranteeing safety and offering flexible
and convenient access to the service, advanced IS reduces the customer’s transaction costs,
and enhances the customer’s attitude towards the service (Ferreira et al., 2011). IS responds
to customer’s changing requirements in mobility services. Thus, adapting operators’ services
to users’ needs would increase subjective perceptions of the service and, therefore, would
also be beneficial for providers (Ferreira et al., 2011).

With our research, we contribute to the IS community in the following ways. We add the
perspective of business model innovation to the domain of green IS. As the results of our
investigation reveal, customers appreciate IS use, as it is associated with enhanced
convenience and connectedness, thus decreasing uncertainty. Insights were missing
particularly in the mobility sector, which is a key aspect in achieving sustainability. Moreover,
we contribute to the domain of product—service transition by theoretically and empirically
describing the impact of IS on these developments. As more and more industries move
towards service-oriented business models, it is important to examine how and to what
degree IS contributes to this trend and to explore the underlying trade-offs.
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2.1 Introduction

Contemporary cities can be viewed as intersections of two important societal megatrends:
urbanization and digitalization (Tilson et al.,, 2010). Cities are growing in scope and
population worldwide, while environmental pressure rises inexorably (Corbett and Mellouli,
2017). At the same time, “[tlhe emergence of digital technology gives us a chance to
fundamentally reshape the landscape of cities” (Yoo et al., 2010a), creating opportunities to
alter various socio-technical arrangements (Tilson et al., 2010). For instance, information
systems (IS) have been widely credited for their facilitation of service business models that
allow consumers to gain temporary access to goods—a phenomenon that has become
particularly popular in space-constrained urban areas (Bardhi and Eckhardt, 2012). Business
models for access-based consumption (ABC), such as short-term lodging (e.g., Airbnb),
designer dresses and accessory rentals (e.g., Rent the Runway), and sharing tools (e.g.,
NeighborGoods), bikes (e.g., Ofo), or cars (e.g., car2go), can provide substantial
environmental and societal benefits due to their better utilization of resources (Leismann et
al., 2013). However, the heterogeneity of actors involved can cause problems for such
business models. As described by Cohen and Kietzmann (2014), the diversification of
providers gives rise to several conflicts of interest that might hinder the positive sustainability
effects of their individual and collective initiatives, making it necessary to redefine the
relationships between private solution providers and local authorities. In addition, Bardhi and
Eckhardt (2012) allude to a dark side of such business models at the consumer interface that
results from the separation of use from ownership. One of their participants, carsharing user
Chuck, enthused, “You can just beat the hell out of it; it's not your car. Like, | don’t have to
think about changing the oil; | don’t have to care whether or not the tires are flat. | don’t care
about any of it; it's not my car. And you know some magic car fairy will come and fix
whatever is not right with it later. So if | destroy the suspension, so be it! Somebody will fix it.
Not me” (Bardhi and Eckhardt, 2012, p. 891). Similar problems occur in several other well-
known instances of ABC, such as increased resource and energy consumption in
commercial accommodations (Miao and Wei, 2013) or “excessive wear and tear and overuse
of the product” (Leismann et al., 2013, p. 192) in shared tool usage, indicating the systemic
nature of such potential downsides associated with ABC. Although prior research has shown
that digital technologies can enable the societally and environmentally valuable diffusion of
ABC (Belk, 2013), it has neglected their capacity to address the potential adverse behavioral
consequences of the associated business models (Majchrzak et al., 2016).

The decoupling of ownership and use leads to principal-agent relationships (Eisenhardt,
1989), i.e., “transactional arrangements between self-interested parties with incongruent
goals in the presence of uncertainty” (Pavlou et al., 2007, p. 106). The potentially emergent
moral hazard of consumers using shared goods in a careless or wasteful way not only leads
to excessive resource consumption but may also result in accelerated deterioration or even
serious damage to the goods accessed. These threats can endanger the enduringly
profitable and environmentally friendly large-scale provision of such business models.
However, “there is a dearth of research of how sharing economy business models work,
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what their sustainability impacts are, and how they are able to align incentives with key
stakeholders to ensure longevity of their operations” (Cohen and Kietzmann, 2014, p. 294).
Prior IS research has dealt with diverse mechanisms for solving agency conflicts (Schieg,
2008). For instance, digital technologies have been described as an important means of
developing mechanisms for increased monitoring and sanctioning (e.g., Dyal-Chand, 2015).
However, what these measures have in common is a focus on constraining human agency
by means of penalties and even exclusion. While appropriate in some contexts, in the case
of transformation towards smart and sustainable cities—where consumers can draw from a
wide range of other options, including less sustainable ones, such as using personal cars—
such measures might endanger the adoption of ABC in the first place. The perspective of
creating target congruity (Schieg, 2008) between the key stakeholders of ABC is therefore an
important yet poorly understood perspective (Cohen and Kietzmann, 2014).

A central trait of digitally enabled business models such as ABC is the changing role of the
consumer within digital business eco-systems (El Sawy and Pereira, 2013): whereas before
they acted as pure consumers, they are now moving towards becoming co-creators of value
(Lusch and Nambisan, 2015). Still, as with any business, the sustainable viability of these
business models relies on not only creating but also capturing value (Priem et al., 2013).
Prior research on value co-capture (El Sawy and Pereira, 2013) has indicated its economic
potentials in corporate contexts (e.g., Bharadwaj et al., 2013). However, professional usage
differs significantly from decision making in peoples’ private lives (Hess et al., 2014), and the
role of the consumer has not yet been elevated towards enhanced responsibility and agency.
Extending the concept of value co-capture to include consumers is essential due to the direct
impact of consumer behavior on the sustainability—i.e., economic, environmental, and
societal performance—of ABC. For the case of carsharing, Firnkorn and Muller (2011)
explicitly suggest “implement[ing] mechanisms to reward efficient driving” (p. 1527).
Therefore, we consider digital technologies not only as enablers of such business models but
also as a means of overcoming their adverse side effects. More specifically, we contend that
letting consumers participate economically in decreasing operating costs in ABC can mitigate
moral hazard and generate additional value for all parties involved. The example of
carsharing is particularly suitable for studying this relationship due to its importance for the
sustainable development of space-constrained cities and the direct influence of consumer
behavior on the sustainability of these business models. Therefore our study examines the
following research question:

How does IS-enabled value co-capturing with consumers influence ABC in the case of
carsharing?

To address this question, we collaborated with a medium-sized carsharing provider in
Germany and modified the existing business model by implementing an 1S-enabled value co-
capturing mechanism. By measuring customers’ individual driving styles in terms of
acceleration and deceleration behavior and rewarding them for favorable actions, we aimed
to mitigate moral hazard, i.e., reckless and wasteful driving. To investigate the concept of
value co-capturing with consumers under realistic conditions, our quasi-experimental time-
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series design (Campbell and Stanley, 1963) examines a series of observations over a period
of 13 months, comprising 483 consumers and 2,983 rides. We determine the financial
consequences of our approach and position it in a holistic multi-agent smart city framework,
which illustrates the need to account for the interrelationships among consumers, ABC
providers, and local authorities when implementing and evaluating such [S-enabled
measures. With our study, we contribute to the emerging literature on the economics of
digital business eco-systems and provide a perspective relevant to increasing the
sustainability of such service business models with widespread and transformational impacts
on the landscapes of cities (Almirall et al., 2016).

2.2 Theoretical Framework

2.2.1 The Role of ISin the Emergence of Access-Based Consumption

ABC describes transactions in which consumers pay for temporary access to desired goods
(such as accommodations, cars, bikes, tools) but no transfer of ownership takes place
(Bardhi and Eckhardt, 2012). While business models that emphasize the provision of
temporary access to goods as an alternative to ownership are nothing new, advances in IS
have made them possible at scale (Cohen and Kietzmann, 2014). Carsharing, for instance,
has existed for more than half a century (Hildebrandt et al., 2015). However, most of the first-
generation business practices were relatively short lived and profitable organizations with
large customer bases have only recently emerged (Shaheen et al., 1998). Similar
observations can be made for other instances of ABC, such as sharing tools, fashion, or
accommodations. Here, the increased penetration of digital technologies (Bharadwaj et al.,
2013), together with the emergence of digital platforms and infrastructures (Tilson et al.,
2010), has recently begun to transform the relevant set of business models by enabling
“novel and convenient processes through which products are transferred and exchanged”
(Kathan et al., 2016, p. 665). At the same time, pervasive digital technologies bring along
new collaboration opportunities for firms. Digital business eco-systems emerge (Bharadwaj
et al., 2013), changing the roles and rules of relationships among organizational partners
while also empowering consumers and acclimating them to participating in joint collaboration
(Lucas et al., 2013) as co-creators of value (Lusch and Nambisan, 2015).

In contemporary carsharing operations, providers make use of the options granted by
pervasive connectivity and equip their fleets with digital technologies that enable automated
processes and data-driven management of their services. Through smartphone applications,
consumers are able to locate, book, access, and use a desired vehicle while an invisible IS
collects data to automatically bill the service usage (Wagner et al., 2014). Hence, by
rendering the associated business models more efficient, reliable, and convenient (Lovelock
and Gummesson, 2004), IS enables the decoupling of ownership and use in various
scenarios, which was previously impossible due to high transaction costs.
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2.2.2 Access-Based Consumption for Increased Sustainability in Urban Areas

During the past decade, ABC has become particularly attractive in urban areas suffering from
high population density and space limitations, e.g., in terms of parking or housing (Willing et
al., 2017). These service business models present valuable benefits for consumers, who
acquire consumption time with physical goods “they could not afford to own or that they
choose not to own” (Bardhi and Eckhardt, 2012, p. 881). Unwillingness to own may stem
from space constraints; the attempt to avoid additional costs connected to ownership, such
as maintenance and repair (Lovelock and Gummesson, 2004); or the simple desire to
maintain adaptability and flexibility in personal life (Kathan et al., 2016).

ABC business models entail transformational impacts for various industries, such as
automotive, real estate, and manufacturing (Almirall et al., 2016), as they cover key pillars of
human life, e.g., work (co-working spaces), mobility (bike- or carsharing), overnight stays
(accommodation sharing), and leisure activities (shared tools for household or gardening
tasks) (Martin, 2016). With the potential to fundamentally restructure contemporary
economies towards sustainable business practices (Cohen and Kietzmann, 2014), ABC
represents an important building block in the transformation of our cities towards increased
economic, environmental, and societal sustainability (Corbett and Mellouli, 2017). The
benefits of these business models mainly stem from improvements in resource efficiency and
the alteration of consumption patterns (Belk, 2013; Willing et al., 2016). More specifically,
sharing accommodations, tools, or cars can lead to better utilization of otherwise idle
resources (Almirall et al., 2016). Each carsharing car, for instance, could replace 9 to 13
privately owned vehicles (Martin et al., 2010) while at the same time decreasing the total
number of kilometers driven and reallocating travel demands to other, more sustainable
means of transportation, such as buses, trams, or subways (Shaheen et al.,, 1998).
Carsharing has therefore been reported to mitigate a variety of mobility problems, such as
congestion, emissions, and shortages in parking space (Willing et al., 2016). Even greater
benefits can be achieved when combining ABC with sustainable technologies (Firnkorn and
Muller, 2011), as illustrated by the popular example of car2go, a carsharing provider that
operates electric vehicles in their fleet. However, prior research has also emphasized that
ABC is not sustainable per se but rather is heavily dependent on consumer behavior (Kathan
et al., 2016; Leismann et al., 2013).

2.2.3 Agency Conflicts in Access-Based Consumption

Although sharing business models are becoming increasingly relevant for the development of
smart and sustainable cities, the heterogeneity of actors involved unleashes several conflicts
that may compromise their positive outcomes (Cohen and Kietzmann, 2014). Agency theory
(Eisenhardt, 1989) provides a valuable theoretical lens for better understanding the
underlying problems. The perspective refers to transactional arrangements between self-
interested actors that are shaped by information asymmetries and incongruent objectives
(Pavlou et al., 2007). In the smart city context, Cohen and Kietzmann (2014) applied the
theory to investigate conflicting goals in the relationship between local governments and
shared mobility solution providers and called for more research to “explore the various, and
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often contradictory roles the different agents and principals play in sharing economies” (p.
293).

In this study, we apply agency theory to understand the relationship between providers of
ABC (i.e., principals) and consumers (i.e., agents). We contend that by separating ownership
from use, ABC business models are susceptible to several obstacles to the enduringly
profitable large-scale provision of these services and the associated environmental and
societal gains. Belk and Costa (1998) theorize on the correlation between ownership and
self-expression: as consumers usually identify with their personal property, the preservation
of their goods becomes natural to them. This attitude often changes when consumers do not
own the goods they use (Bardhi and Eckhardt, 2012). In carsharing, consumers pay a
service fee to access a vehicle, while the service provider owns the physical asset and is
responsible for all associated activities (e.g., maintenance), risks (e.g., insurance), and costs
(e.g., fuel). Table B-19 explains the resulting agency conflicts in greater detail by applying the
six characteristics by Pavlou et al. (2007) to a typical carsharing setting.

Table B-19. Agency perspective on carsharing

Principal-Agent Characteristics

Owner—Consumer Relationship in Carsharing

. Human Action: Principal delegates decision power to
an agent who acts on his behalf.

. Divergence of Interests: Goals of principals and
agents do not align.

. Potential for Agent’s Gainful Exchange: Possibility for
agents to gain by shirking or acting opportunistically.

. Difficulty in Monitoring and Enforcing Human Action:
Principals cannot easily monitor agents or enforce
their expected actions.

. Agents not Bearing the Consequences of their
Actions: Agents act on behalf of principals who own
the assets managed.

. Temporal Duration: There is a time lag in which the
agent’s actions can be manifested.

Provider (principal) delegates the temporary usage right to the
consumer (agent) operating the vehicle.

Providers aim for profits. Consumers want to satisfy their personal
mobility needs, i.e., getting from one place to another as
conveniently, enjoyably, cheaply, and fast as possible.

Consumers might engage in reckless and wasteful driving.

Providers cannot easily monitor their customers and force them to
treat the vehicle in a desired way.

The provider pays for any increased costs for energy or vehicle
maintenance resulting from reckless driving.

Increase in operating costs resulting from reckless driving is
sometimes only apparent in retrospect, e.g., during maintenance.

The absence of the principal at the time of use by the agent (see row 1 of Table B-19) in
carsharing and other instances of ABC leads to information asymmetries (see rows 4 and 6).
At the same time, the goals of principals and agents do not align (see row 2): providers
generally aim for profits whereas consumers seek to minimize costs and maximize joy.
Hence, consumers might engage in reckless and wasteful driving (see row 3) when not
bearing the consequences for such behavior (see row 5). Due to these circumstances,
typical carsharing business models are particularly susceptible to moral hazard, as illustrated
earlier with the example of carsharing user Chuck (Bardhi and Eckhardt, 2012). However, the
aforementioned problems—particularly concerning information asymmetries (row 4) but also
regarding the divergence of interests (row 2)—indicate the potential of IS to mitigate potential
negative consequences.
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2.3 Towards IS-Enabled Value Co-Capturing with Consumers to Mitigate
Moral Hazard in Access-Based Consumption

To be sustainably successful, ABC business models must consider conflicts resulting from
principal-agent constellations. While monitoring and enforcement (see Table B-19) become
feasible in more contexts due to advances in digital technologies and infrastructures (Dyal-
Chand, 2015), their applicability in situations where consumers have a variety of other
options with less surveillance and fewer penalties (such as own car usage) must be
questioned. A carsharing provider operating with tight digital monitoring and associated
sentencing mechanisms might encounter resistance from consumers or a decline in
customer growth. The behavioral impact of such measures is also unclear, given that
“behavioral psychology generally ascribes stronger effects to rewards than punishments”
(Schall and Mohnen, 2015, p. 2628). Furthermore, although digitally enabled monitoring
might help track usage behavior, thresholds regarding the sanctioning of behavior might be
hard to define. Differentiating between individually induced driving patterns and the role of
external influences is not trivial; the limited predictability of events beyond their control might
deter consumers even more. Thus, psychological as well as practical factors constrain the
possibility of mitigating moral hazard via only monitoring and enforcement.

In addition, various attempts have been made to assess the potential of IS with regard to a
harmonization of interests (Schieg, 2008). For instance, Bui and Veit (2015) investigate the
effects of gamification using a tree visualization that changes its appearance based on
driving style to foster sustainable driving in carsharing services. Similarly, Tulusan et al.
(2012) demonstrate that eco-feedback apps can reduce fuel consumption and CO,
emissions in the case of corporate car drivers. In general, the positive effects of feedback
systems have been highlighted in various contexts. For instance, Loock et al. (2013) draw on
the case of electricity consumption in private households to reveal that web-based feedback
systems stimulate energy-efficient consumption behavior. Tiefenbeck et al. (2016) confirm
these findings with regard to showering. While these approaches are based on intrinsic
motivation, harmonization of interests can also be achieved by applying various forms of
extrinsic motivation, such as incentive schemes (e.g., Sappington, 1991). However, this
perspective remains underresearched for the case of ABC, where the economic,
environmental, and societal benefits depend largely on consumer behavior (Kathan et al.,
2016; Leismann et al., 2013). For the case of large-scale carsharing operations, Firnkorn and
Muller (2011) conclude that it might be beneficial to implement mechanisms incentivizing
efficient driving: “Already today, insurances offer pricing schemes depending on the style of
driving, and why should the efficient driving of carsharing vehicles not be rewarded once
technologically feasible?” (p. 1527).

Therefore, in this study, we argue that the emerging possibilities of digital technologies allow
not only for the provision of new co-created services that provide value-in-use (Lusch and
Nambisan, 2015) but also for mitigating their negative side effects. In line with this
argumentation, prior research has reached a consensus on the notion that creation of value
is not enough to explain the sustained success of a firm in modern economies (e.g., Veit et
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al., 2014). Instead, the perspective of firms capturing value from their business models must
also be considered (Priem et al., 2013). While prior studies have delineated the importance
of IS in enabling value co-creation—i.e., collaborative activities of creating value-in-use for
the customer in a particular context (Lusch and Nambisan, 2015), including the mobility
domain (Teubner and Flath, 2015)—knowledge of its ability to facilitate value co-capture is
scarce. Recent research has described emerging methods of IS-enabled value capturing,
such as sharing profits with network partners (e.g., Bharadwaj et al., 2013). However, these
examples do not account for the role of consumers and their participation in value creation
and capture and “it is doubtful that traditional models and theories developed in a working
environment can be applied unchanged to the private usage context” (Hess et al., 2014, p.
250). With our study, we aim to address this gap. We contend that creating target congruity
(Schieg, 2008) between principal and agent via IS-enabled value co-capturing with
consumers can mitigate moral hazard in ABC, thus generating additional value for all parties
involved.

2.4  Methodology

2.4.1 Research Design and Data Collection

We collaborated with a medium-sized carsharing operator in Germany, allowing us to
examine our research question under realistic conditions. We modified the existing business
model and implemented an IS-enabled value co-capturing mechanism aiming to motivate
consumers to reduce reckless and wasteful driving. To operationalize value co-capturing with
consumers, we employed a bonus scheme that let consumers participate economically in
decreasing operating costs captured from their changed behavior. As we needed usage-
related metrics to measure driving behavior, we adjusted the software of the existing data
loggers in eight electric vehicles used as test vehicles. In addition to the data necessary for
regular carsharing operation, we extended the monitoring functions of the in-vehicle data
loggers to collect one data record per second, precisely monitoring driving behavior. The
information was transferred to a back-end server in regular intervals via mobile
communication networks. For our bonus scheme, we decided to capture drivers’ celeration
(i.e., acceleration and deceleration) behavior during a trip (af Wahlberg, 2006), as evaluating
driving behavior in terms of acceleration and deceleration is quite a common approach in
empirical research (e.g., af Wahlberg, 2007; Bui and Veit, 2015; Schall et al., 2016).

To inform the carsharing customers about the bonus scheme valid for the operator’s electric
vehicles, we sent two newsletters (two weeks before and right before initiating the
mechanism) using the provider’s mailing list. Thus, there were no restrictions concerning the
participation of customers. The newsletter informed them that they would receive a bonus
when driving cautiously and farsightedly. However, they did not receive any information on
the type and amount of this bonus beforehand. During the treatment month (with the applied
bonus scheme), celeration profiles were recorded for each booking and evaluated in light of
a reference value calculated from the data records of the pre-treatment period.
Subsequently, all participating customers received an invoice including information about
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their trips during the treatment period. A celeration score was displayed for each trip. If their
score was better than the reference value, a positive premium was declared in green,
otherwise a negative one in red. At the end, all premiums were summed up for each
customer. If the resulting value was positive, a bonus was added to their normal bill. Figure
B-6 illustrates our research design.

Value co-capturing with consumers
Application of bonus scheme

Excluded
Pre-treatment period fromsample  Treatment period Post-treatment period

: ' : : =

T
tO t9 T th tll t14

1st notification
newsletter

~ Prototypical 2nd notification Bonus payment
implementation newsletter

Figure B-6. Research model

Because the notification about the application of the treatment might have biased driving
behavior, we excluded the respective month from our sample. Thus, our quasi-experimental
time-series design (Campbell and Stanley, 1963) comprises a series of observations over a
period of 13 months (395 days) comprising 2,983 bookings and 39,332,432 vehicle records.
This allowed us to study actual decision processes in real-life conditions, yielding a higher
external validity than a laboratory experiment with a strong controlled environment (Harrison
and List, 2004). Moreover, applying a time-series design offers essential advantages with
respect to internal validity as the pretest observations allowed us to analyze whether any
trends existed in our data prior to treatment (Campbell and Stanley, 1963). By doing so, we
were able to study other effects that may alter driving behavior, such as seasonality and local
traffic patterns, which helped us to select reasonable control variables for our regression
analysis.

2.4.2 Variables

2.4.2.1 Dependent Variable: Celeration

To investigate the implementation of IS-enabled value co-capture as instantiated in the
bonus scheme, we measured customers’ celeration behavior as stated above. We opted for
the celeration profile for several reasons. First, this measure has been reported to be stable
over time (af Wahlberg, 2003). Second, although previous studies have measured the impact
of different driving styles on fuel consumption (e.g., Schall et al., 2016), the latter is rather an
outcome of driver behavior and would be inappropriate in our setting, as several confounding
variables, such as seasonality, could strongly influence the energy consumption of the
electric vehicles. Moreover, prior research has found that customers’ celeration behavior is
associated with a variety of effects, such as traffic flow consistency, energy consumption,
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CO, emissions, risk of accidents, and wear and tear of tires, brakes, etc. (e.g., af Wahlberg,
2007; Schall et al., 2016; Siero et al., 1989). Hence, in light of the key challenges of
contemporary cities, the celeration profile seems to be an appropriate indicator for the
sustainability of carsharing usage.

The in-vehicle data loggers collected one data record per second, precisely monitoring
customers’ celeration behavior. Assessing values on both sides of zero allowed us to capture
both harsh acceleration (affecting, e.g., the vehicle’s consumption), as well as strong and
abrupt braking maneuvers (leading to increased wear and tear of tires, brakes, etc.). Figure
B-7 illustrates the acceleration and deceleration behavior of a sample trip. Following af
Wahlberg (2006), we calculated celeration as the mean of all absolute acceleration and
deceleration values during a trip.
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Figure B-7. Example illustration of a celeration profile

2.4.2.2 Independent Variable: Bonus Scheme

To measure whether reckless and wasteful driving was mitigated by monitoring usage and
allowing carsharing customers to participate in decreasing operating costs captured from
their adapted behavior, we created a dummy variable indicating whether the booking lies
within the timeframe of our treatment period.

2.4.2.3 Control Variables

We included a broad set of control variables commonly applied in empirical studies on driving
behavior that might impact celeration behavior (e.g., af Wahlberg, 2007; Schall et al., 2016).
Specifically, we included driver, trip, weather, and traffic controls. Regarding the driver's
characteristics, we included a control for the familiarity of carsharing customers with electric
vehicles, incorporating experience measured as the number of monthly electric vehicle trips
prior to the one considered. Moreover, we included a dummy control for gender (female). In
addition, we extracted trip-specific information from the in-vehicle data loggers. To account
for different driving experiences in terms of congestion and operating mode, i.e., city,
interurban, or highway, we included controls for distance and average speed. Trip distance is
calculated as the natural logarithm of kilometers driven. As previous research on electric
vehicles has highlighted the significance of range anxiety for their use (e.g., Willing et al.,
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2016), we integrated a control variable for the battery’s state of charge (SOC) at the
beginning of each tour. Moreover, we used data provided by a local meteorological station to
include controls for weather conditions: a dummy variable for snow and continuous variables
for temperature, rainfall, and wind. We further accounted for systematic changes of traffic
conditions, e.g., due to school and commuter traffic or vacations, by incorporating dummy
controls for holiday periods and weekends. Moreover, to account for local traffic patterns,
traffic periods were extracted from the local transportation plan, which are shaped by factors
such as travel demand, opening hours, and work shifts of large employers. We then
introduced a dummy for periods of low traffic intensity.

2.4.3 Analysis Method

We employed multivariate OLS regression to analyze whether the treatment affected the
celeration profile of a trip. To ensure that any observed changes in celeration behavior were
indeed prompted by the introduction of the bonus system, we had to address several
empirical challenges. First, despite including several control variables, our estimations could
be affected by significant differences between the treatment and non-treatment groups. To
account for this, we used propensity score matching (PSM) to pair the trips in our treatment
period with a control group of trips that is similar regarding driver, trip, weather, and traffic
conditions. PSM is often used to alleviate potential biases arising from dissimilarities
between treatment and non-treatment groups (e.g., Shipman et al., 2017). A probit
regression was used to estimate the probability (i.e., the propensity score) of a trip being
conducted in our treatment period based on our controls. Then, each trip within our treatment
period was matched to a trip from the non-treatment period with the closest propensity score.
To reduce the likelihood of poor matches, we did not allow the distance between the
propensity scores (i.e., caliper) of the matches to exceed 1% (e.g., Hong et al., 2016;
Shipman et al., 2017). As a result, we received a matched sample consisting of trips within
our treatment period and a control group of trips that were conducted under similar
conditions in the non-treatment period. Second, celeration behavior could also be influenced
by driver-specific factors that are undetectable from an outside perspective. For example,
some individuals may have a more aggressive driving style than others. To account for such
driver-specific behavior, we further employed driver fixed effects regressions controlling for
non-observable factors on an individual level. Fixed effects regressions are a common
approach in empirical studies to address endogeneity issues arising from unobserved
heterogeneity (e.g., Antonakis et al., 2010; Schall et al., 2016). Specifically, a fixed effect
regression assigns an individual effect to each cross section (i.e., a specific driver) to control
for unobservable factors, leaving only time-variant effects within a driver’s celeration behavior
to be estimated. This means that the driver fixed effects regression estimates change in the
celeration behavior of a driver when the bonus scheme is introduced. Specifically, we used
the following multivariate OLS regression model:

Celeration;, = a + B(treatment);, + y(controls);, + driver; + u;.

Besides our dependent, independent, and control variables, the remaining model items are
the intercept (a), the driver fixed effects (dariver;), and the standard error term (y;.). Finally, we
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used Hubert-White robust standard errors and clustered them at the driver level to estimate
our upcoming results.

2.5 Results

2.5.1 Descriptive Statistics

Our total sample consists of 2,983 trips, with 340 conducted in the treatment period and
2,643 in the non-treatment period. In contrast, the matched sample consisted of 566 trips
equally distributed in the treatment and non-treatment periods. Table B-20 displays the mean
values and standard deviation for all regression variables of both samples. Moreover, we
compared the differences between the means of the treatment period (with the applied bonus
scheme) and the non-treatment period in Table B-20. The results of this univariate
comparison indicate a significant difference in the average celeration during the treatment
and non-treatment periods for both the entire sample and the matched sample. The
comparison also reveals several other significant differences in the controls between the trips
in the treatment and non-treatment periods for the entire sample. However, no significant
differences between the treatment and non-treatment periods of the matched sample were
found. Hence, this univariate test provides initial indications that average celeration was
lower in our treatment period. In addition to that, we checked the correlations between our
regression variables. As some correlations between our control variables were relatively
high, we computed variance inflation factors (VIFs) along the regressions. However,
maximum VIFs were far below critical thresholds, indicating that our analysis was not
constrained by multicollinearity.

Table B-20. Descriptive statistics

Variables Entire sample Treatment  Non-treatment Matched Treatment  Non-treatment
period period sample period period
Mean SD Mean Mean Diff. Mean SD Mean Mean Diff.
celeration 0.55 0.13 0.52 0.56 -0.04 **  0.53 0.13 0.52 0.55 -0.03 ***
bonus 0.11 0.32 1.00 0.00 . 0.50 0.50 1.00 0.00
scheme
gender 0.27 0.44 0.34 0.26 0.08 ***  0.36 0.44 0.34 0.37 -0.03
(female)
experience 2.54 2.77 3.34 2.43 0.91 *** 3.38 4.16 3.49 3.27 0.22
average 29.28 8.60 29.48 29.26 0.22 29.07 8.35 29.13 29.00 0.13
speed
SOC 67.63 22.23 69.56 67.39 2.18 * 70.21 20.97 70.30 70.13 0.18
(In) distance 2.29 0.81 2.25 2.29 -0.04 2.23 0.82 2.23 2.23 0.00
low traffic 0.29 0.45 0.29 0.28 0.00 0.25 0.44 0.26 0.25 0.01
holiday 0.14 0.35 0.25 0.13 0.12 **  0.29 0.46 0.29 0.30 -0.01
weekend 0.26 0.44 0.24 0.26 -0.03 0.19 0.39 0.19 0.19 0.00
rain 2.09 4.67 4.72 1.75 296 ¥  3.07 6.16 2.84 3.29 -0.46
snow 0.07 0.26 0.00 0.08 -0.08 **  0.00 0.00 0.00 0.00 .
temperature  14.07 8.55 25.30 12.63 12.67 **  23.77 5.00 23.92 23.62 0.31
wind 35.49 16.84 41.36 34.73 6.63 ***  38.78 17.78 37.59 39.97 -2.38
N 2,983 2,983 340 2,643 566 566 283 283

wx +* and * indicate significance at the 1%, 5%, and 10% levels (two-tailed), respectively.
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2.5.2 Regression Results

Table B-21 depicts the results of our regression models. In all models, we ran OLS
regressions with celeration as the dependent variable and bonus scheme as the independent
variable while controlling for various confounding effects. We assigned Models 1 and 2 to the
entire sample and Models 3 and 4 to the matched sample. Moreover, we included driver
fixed effects in Models 2 and 4, whereas Models 1 and 3 were estimated without driver fixed
effects. Thus, Models 1 and 3 indicate the cross-sectional differences of celeration behavior
between the treatment and non-treatment periods, whereas Models 2 and 4 estimate the
individual change in driver behavior caused by the bonus scheme treatment.

Table B-21. Regression results

Model 1 Model 2 Model 3 Model 4

Sample Entire sample Entire sample Matched sample Matched sample

Method OLS (all models)

Dependent variable celeration (all models)

Independent variable

bonus scheme =0.0387  *** =0.0258  *** =0.0279  *** -0.0198 **
(0.000) (0.000) (0.006) (0.049)

Controls

gender (female) -0.0303 * ) -0.0209 )
(0.083) ©) (0.216) ©)

experience 0.0011 0.0021 ** -0.0014 0.0021 **
(0.690) (0.011) (0.286) (0.026)

average speed 0.0012 —-0.0002 0.0001 -0.0002
(0.210) (0.497) (0.922) (0.837)

SOC 0.000 0.000 0.000 0.000
(0.874) (0. 568) (0. 686) (0. 326)

(In) distance -0.0627  *xx -0.0439  x* -0.0472 -0.0419  *x*
(0.000) (0.000) (0.000) (0.000)

low traffic -0.0336 ** -0.0215  *** -0.0400 ** -0.0337 *
(0.013) (0.000) (0.021) (0.079)

holiday -0.0189 * -0.0171  »** -0.002 -0.0063
(0.075) (0.003) (0.850) (0.595)

weekend -0.0031 -0.0074 0.0038 -0.0174
(0.736) (0.120) (0.767) (0.352)

rain 0.0001 -0.0006 0.0016 * 0.0006
(0.791) (0.199) (0.058) (0.466)

show -0.0249  *** -0.0151 ** ) “)
(0.003) (0.025) (-) ()

temperature -0.0002 -0.0002 -0.0031  *** -0.0018
(0.641) (0.541) (0.002) (0.155)

wind -0.0001 0.0001 -0.0006 * -0.0001
(0.532) (0.604) (0.063) (0.827)

constant 0.6902  *** 0.6657  *** 0.7585  *** 0.6737  ***
(0.000) (0.000) (0.000) (0.000)

driver fixed effects No Yes No Yes

N 2,983 2,983 566 566

adjusted R 0.153 0.589 0.144 0.577

w* xx - and * indicate significance at the 1%, 5%, and 10% levels (two-tailed), respectively. Standard errors are
heteroscedasticity consistent and clustered at the driver level. P values are reported in parentheses.
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The results of Model 1 display a negative and statically significant coefficient (p < .01),
indicating that celeration was lower in our treatment period while controlling for various
confounding effects. Similarly, we find a negative and statically significant coefficient (p < .01)
when we include driver fixed effects in Model 2. Model 2 suggests that the individual
celeration of a driver decreases during the treatment period. Specifically, drivers reduced
their celeration behavior by 4.6% according to Model 2 (7.0% according to Model 1). The
estimations on the matched sample further document that celeration is decreased by the
introduction of our bonus scheme when compared to trips under similar conditions in the
non-treatment period. Model 3 shows a negative and statically significant coefficient (p <
.01), suggesting that celeration was 5.1% lower during trips in our treatment period.
Moreover, we again find a negative and significant effect (p < .05) when we include driver
fixed effects in Model 4, suggesting that drivers reduced their celeration profile by 3.6%. In
conclusion, this consistent empirical picture among all regression models indicates that value
co-capturing with consumers through bonus scheme mechanisms can mitigate reckless and
wasteful driving.

2.6 Discussion of Empirical Findings

Our study sought to provide answers to the research question of how IS-enabled value co-
capturing with consumers influences ABC in the case of carsharing. The empirical findings
indicate that such an approach can foster sustainable consumer behavior. While it is difficult
to assess the entirety of economic effects, our example business case analysis reveals that
the potential savings are significant (see Appendix for detailed description and calculation).
Contingent on case-specific assumptions, a reduction in celeration behavior of 5.1% (the
mean of all models included in Table B-21) can yield annual savings between €2,404 and
€5,855 (dependent on annual mileage). These findings indicate that tracking usage behavior
and letting consumers participate economically when acting favorably can be worthwhile for
ABC providers in various instances where economics depend on usage behavior (e.g.,
accommodation sharing, co-working spaces, collaborative tool or household device use).
However, it is important to note whether consumer acceptance for these measures is
potentially given in the specific context. Prior studies (e.g., Hildebrandt et al., 2015) have
shown that this seems to be the case in carsharing, indicating the practicability of our
approach. Furthermore, it must be mentioned that we selected one particular configuration
for our experimental setting, though a range of options for business model design exists.
Accordingly, despite the positive outcomes of our empirical approach, the payoff for a
particular provider can be further improved and stabilized for ongoing viability through
context-dependent selection of specific measures for practical implementation. We will
elaborate upon two important aspects in the following.

First, regarding the design of specific value co-capturing mechanisms, the amount and
distribution of the bonus payment can be varied. In our case we allowed all customers to
participate directly in the savings captured from their individual behaviors. While this
approach provides a transparent and simple mechanism, the possibility of low bonus
payments for individuals can endanger ongoing consumer participation. An alternative way
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would be to redistribute the savings on a competitive basis via high scores or performance
dashboards. Such “[tlournaments can level the playing field for the agents” (Sappington,
1991, p. 54), thus motivating consumers to outperform other community members. While
requiring more coordination, these game elements enhance an individual's chances of
achieving higher premiums, which may increase their long-term motivation and overall
participation (Blohm and Leimeister, 2013). Such an approach could thus further increase
possible savings. However, if a provider wants to limit uncertainties and risks, it would also
be possible to define a fixed amount in advance and reward it to those with the best
performances. Note that either way, the logic of value co-capture entails that only savings
realized through adapted consumer behavior may serve as the basis for bonus payments or
other incentive types that are distributed among consumers. Another design option is related
to the method of informing consumers about the evaluation of their behavior. In our case, we
used the pre-existing structure of the monthly invoice to give feedback to the consumers. An
alternative, more costly way would be to install mobile devices in the cars and provide real-
time feedback (Tulusan et al., 2012), which would encourage consumers to adjust their
driving style more immediately. Ultimately, the specific configuration of value co-capture
chosen should be adapted to concrete contextual circumstances and the available budget.
Providers can then integrate valuable knowledge gathered in prior studies, e.g., in the areas
of gamification (e.g., Bui and Veit, 2015) or feedback systems (e.g., Loock et al., 2013;
Tiefenbeck et al., 2016).

Second, when reflecting on value co-capturing with consumers in the context of smart and
sustainable cities, providers should also be aware of the valuable side effects that their
interventions may generate for the community, such as a reduction in pollution, congestion,
and noise. This aspect creates windows of opportunity regarding the partner network of the
provider's business model. One option for providers could be to find partners following a
green strategy that might sponsor sustainable driving or issue non-monetary incentives, such
as vouchers. This way, providers could increase bonus payments without investing
themselves. A second option would be to partner with public authorities. The positive side
effects represent fundamental benefits from a community perspective, given their targets of
fostering a healthy and safe environment for its members (Corbett and Mellouli, 2017).
Therefore, as described by Cohen and Kietzmann (2014), local authorities, confronted with a
variety of providers and without direct control and insight, might seek to foster such forms of
sustainable business practice by granting subsidies, promotions, or other forms of support to
providers incentivizing sustainable behavioral patterns. From a provider's perspective, this
strategic support could enhance the overall benefit of employing measures of value co-
capturing with consumers.

Summing up, providers implementing our approach in business practice might include
different forms of awarding and distributing bonus payments, providing feedback, or
monetary or non-monetary support from partners. These aspects can further increase the
payoff as well as foster long-term sustainability. In the context of smart and sustainable
cities, abstracting these thoughts on a holistic level shows that the scope must be extended
beyond the consumer—provider dyad due to the potential externalities of consumption
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behavior involved (Firnkorn and Muller, 2011). Individual, firm, and community perspectives,
along with their idiosyncratic target system and agency, must be considered to understand
the overall effects of such innovative measures. Not only are there positive effects emerging
in consumer—provider relations, i.e., operational savings and rewards, but reduced celeration
behavior also has an impact on a variety of aspects relevant to the landscape of modern
cities, such as traffic flow consistency, CO, emissions, and noise (e.g., af Wahlberg, 2007;
Kesting et al., 2008; Schall et al., 2016). Such measures can be seen as a form of public—
private value co-capturing. From the perspective of local authorities, these “economic and
noneconomic incentives to private operators may reduce agency conflicts and, as a result,
improve overall system performance” (Cohen and Kietzmann, 2014, p. 293). While Cohen
and Kietzmann (2014) focus on the important aspect of ensuring sustainability by creating
target congruity in inter-organizational relationships, such as public—private collaborations
(i.e., local authorities and private solution providers), our study focuses on the consumer—
provider dyad. Inspired by Lepak et al.'s (2007) multi-level view on value creation and
capture, we synthesize the aforementioned thoughts in a multi-agent framework for smart
city eco-system relationships in Figure B-8.

Public—private value co-capturing
Logic: Letting providers of ABC participate in savings captured from
adapted customer behavior
Incentive types:
Monetary, e.g., subsidies, toll benefits (Cohen and
Kietzmann 2014), tax cuts (Leismann et al. 2013)
Non-monetary, e.g., parking spots, high-occupancy vehicle
lanes (Cohen and Kietzmann 2014)
Incentive allocation:

Value co-capturing with consumers*
Logic: Letting consumers participate in savings captured from their
adapted behavior
Incentive types:
Monetary,* i.e., cash (Schall et al. 2016)
Non-monetary, e.g., vouchers (Schall et al. 2015), reward
points (Elvik 2014)
Incentive allocation:

«  Direct participation in savings captured individually,* e.g.,
conversion of driving profiles (Desyllas and Sako 2013) According to aggregated sustainability performance
Redistribution of savings on a competitive basis, e.g., Relative to other providers, e.g., modal split (Santos et al.
rankings (Blohm and Leimeister 2013), tournaments 2013)

(Sappington 1991)

s SN N

Consumers Providers Smart city authorities
Perspective: Perspective: Perspective:
Individual level Firm level Community level

Objective: K N\ ¢« Objective:

Harmonization of interests K S+ Objective:
Affordable, enjoyable, \]—\/ Maximizing profits
and flexible mobility

Improving the quality

Harmonization of interests
\I l/ of life within cities

Agency:
Agency: Business model « Agency:
Driving behavior design Mobility policy

Additional value generation through adapted user behavior
Lower energy consumption (Schall et al. 2016)
Less wear and tear (Siero et al. 1989)
Decreased risk for accidents (af Wahlberg 2006)

Additional value generation through adapted fleet behavior
Reduced CO, emissions (Bui and Veit 2015)
Lower resource consumption (Schall et al. 2016)
Less noise (Greenwood and Bennett 1996)
Decreased congestion (Kesting et al. 2008)

* Empirical focus of this study

Figure B-8. Multi-agent smart city framework exemplified for the mobility domain
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2.7 Implications

Our study has important implications for three specific streams in IS research. First, our
study demonstrates the value of employing agency theory in modern ABC business models
and their design, as agency conflicts are being reinforced in the digital era (Cohen and
Kietzmann, 2014). In the case of carsharing, the usage fee typically depends on time,
distance, or a combination of both. Hence, consumers save money by reaching their
destinations as fast as possible. According to agency theory’s assumptions of bounded
rationality and self-interest, this can compel carsharing users to exhibit reckless and wasteful
driving behavior. Therefore, operators include additional operating costs and risks in their
service fees, resulting in a loss of welfare for the paying carsharing community and hindering
its expansion. We contend that these phenomena stem from an imbalance in business model
designs that account for an empowered consumer (Lucas et al., 2013) with regard to value
creation by building upon value co-creation (Lusch and Nambisan, 2015) but, by refraining
from value co-capturing with consumers, fail to do so for the case of value capture. However,
achieving viability in digital business eco-systems (El Sawy and Pereira, 2013) as contexts of
joint collaboration “depends on creating an alignment of partners who must work together”
(Adner, 2012, p. 4). When the incentive structure allows for the behavior of one party to harm
the overall value captured without consequences, this condition is violated. From this, we
derive two important implications: First, consumers and any other entities must be regarded
as integral parts of digital business eco-systems, especially in modern forms of ABC, as their
behavior is important for its overall success. Second, this can only be achieved by applying
mechanisms of value co-creation and co-capture simultaneously. With our empirical study,
we provide fruitful insights on how IS can enable new means of value co-capture by sharing
benefits with consumers, thus increasing the sustainability of ABC business models. While
recent IS research has pointed to value co-capturing via sharing economic returns as a
characteristic of digital business eco-systems (e.g., El Sawy and Pereira, 2013), existing
case studies on IS-enabled value co-capture predominantly characterize such mechanisms
in corporate or intra-organizational contexts (e.g., Bharadwaj et al., 2013), where decisions
are made at least in part heteronomously (Hess et al., 2014). However, as these usage
contexts differ significantly from private contexts in which users decide themselves, existing
theories cannot simply be adapted without verification (Hess et al., 2014). This study
therefore focuses on the consumer as a partner in capturing value due to the direct influence
of their behavior on the sustainability of ABC as well as their central importance in digital
business models that emphasize customer experience (El Sawy and Pereira, 2013).

Second, with this view, we contribute to the important endeavor of regarding smart cities as
collaborative communities (Snow et al., 2016) in which not only actors such as firms and
other institutions but also citizens must interact to drive the cities towards increased
economic, environmental, and societal sustainability (Almirall et al., 2016). By nature, smart
cities rely on closely intertwined digital, social, and physical infrastructures (Yoo et al.,
2010a) allowing for voluntary use of a rich and diverse set of offerings. While pervasive
connectivity and the openness of digital business eco-systems (El Sawy and Pereira, 2013)
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enables collaboration among various actors to develop innovative solutions aimed at growth
and well-being (Snow et al., 2016), these services must also be consumed responsibly and
sustainably. Our study contributes to smart city research by conceptualizing and empirically
demonstrating a specific mechanism to foster sustainable resource use by the individual.
This mechanism extends far beyond the particular instance of carsharing, applying to various
other application fields in which agency relationships occur. Examples such as co-working
spaces, shared accommodations, collaborative use of household appliances (e.g., washing
machines), and diverse forms of shared mobility (e.g., bike sharing) reveal both how
instances of ABC cater to almost every major theme of modern life and the direct influence of
consumer behavior on the sustainability of these business models. Accordingly, contributing
to more careful usage behavior in ABC becomes an increasingly important element in the
realization of smart city visions.

This aspect points to our third major contribution. We contend that, whereas the high costs
and effort required limited the lucrative application of countermeasures for agency conflicts in
the pre-digital era (Sappington, 1991), digital technologies can now significantly reduce the
cost—benefit ratio. Extant literature has investigated IS interventions on consumer behavior
via the application of intrinsic motivation, such as gamification or feedback systems (e.g., Bui
and Veit, 2015; Loock et al., 2013). Our study extends this view by exploring the emerging
possibility of employing IS to monitor usage behavior and letting consumers participate in the
savings realized. The findings demonstrate how digital technologies and their incorporation in
proper business models can contribute to decreasing moral hazard when accessing shared
goods, thus creating a welfare gain for all parties involved. By doing so, a more careful and
resource-efficient user behavior can be achieved—ijust as would be the case if consumers
owned the shared goods. Hence, IS-enabled value co-capturing with consumers could
become a powerful means of creating target congruity within the collaborative community
that constitutes a smart city (Snow et al.,, 2016), as consumers’ self-determined choices
concerning the adoption or non-adoption of existing solutions as well as their consumption
behaviors may have large effects on the sustainability of the overall system. It is this very
context—the freedom to draw from a range of sustainable and unsustainable offerings and
behaviors, along with the current transformational state from established to smart and
sustainable cities—that renders other strategies of pure monitoring, penalties, and exclusion
particularly dangerous (Dyal-Chand, 2015). Feelings of surveillance, control, and constrained
agency might steer individuals away from considering ABC business models in the first place
and thus hinder the transformation to smart and sustainable cities. Therefore, surrogating for
ownership through value co-capturing is an important new facet in research about IT-enabled
mitigation of moral hazard. However, our approach should be considered as complementary
to other mechanisms such as gamification or feedback systems, as these measures could be
used in combination. As a further contribution, we illustrate a way to evaluate the
effectiveness of the options available (see Appendix) to select the most suitable portfolio of
measures in a specific case.

Aside from these contributions to IS research, our study provides valuable implications for
business practice. The investigation highlights the danger of moral hazard as an unwanted
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side effect occurring in various forms of ABC. We present a solution approach that builds
upon digital technologies and emphasizes the importance of regarding consumers as active
participants in value creation and capture. By tapping the in-vehicle digital systems of our
test vehicles, we were able to precisely observe and measure usage-related metrics in
carsharing operations. When digital technologies such as sensors and processing or
communication technologies are embedded into everyday artifacts (Yoo, 2010), they enable
the digital capture of valuable usage data (Stocker et al., 2017). Thus, for the first time,
tracing service usage and measuring behavior on an individual level (Agarwal and Dhar,
2014) have become possible. However, our study goes beyond the mere analysis of service
usage for, e.g., optimizing the economics of the service; instead we used the data proactively
to engage with consumers by informing them about and rewarding sustainable usage
behavior. This approach, in the spirit of “sense-and-respond” (El Sawy and Pereira, 2013),
makes more active use of the possibilities afforded by digital technology diffusion for
business model innovation than prior forms of business intelligence and data mining have
done. Our findings indicate that ABC providers should use digital technologies not only to
enhance their value propositions, i.e., by offering convenient and flexible services, but also to
co-capture value, i.e., sharing benefits with consumers to enhance the sustainability of their
businesses.

2.8 Limitations and Future Research

Like every empirical investigation, our study is not free from limitations. First, studies in real-
life conditions present a threat of low controllability of external factors (Harrison and List,
2004). Although we included driver fixed effects, PSM, and a broad set of control variables,
the existence of other varying factors that influence driving behavior cannot be completely
ruled out. Nevertheless, these potential omitted variables would only cause endogeneity if
simultaneously correlated with celeration behavior and our independent variable bonus
scheme treatment (Antonakis et al., 2010). Hence, the threat from such an omitted variable
remains rather limited. Second, conducting our study in a specific research setting with a
limited treatment period and a particular configuration of value co-capturing limits the
generalizability of our findings. Third, due to data privacy concerns, the variables included in
our model were limited. Without elements such as in-depth user-related metrics, we were
unable to study the underlying interrelations in greater detail by, e.g., evaluating the effects of
value co-capture on an individual or group level to evaluate the type of customers who were
particularly susceptible to enforcement mechanisms.

With our view, we extend emerging thoughts on the elaborated role of the consumer in digital
business (Lucas et al., 2013) towards becoming an integral partner in value creation and
capture — also in offline contexts of individual personal life (Hess et al., 2014). An important
avenue for future works is to test the impacts of different value co-capturing mechanisms to
find ideal configurations and optimize the outcomes. Although we specified our investigation
for the case of carsharing, we believe that it provides a valuable theoretical and
methodological foundation upon which future research can build. Therefore, we encourage
IS researchers to further examine the interesting perspective of IS-enabled value co-
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capturing with consumers and challenge our findings. As more and more aspects of
everyday life allow for the digital collection of data on individual behavior (Agarwal and Dhar,
2014), the application possibilities for value co-capturing with consumers rise inexorably.
Therefore, the concept of value co-capture could be transferred to various other domains
with agency relationships, such as different instances of ABC (e.g., shared accommodations,
work spaces, tools) or other contexts in which consumer behavior has a direct influence on
the sustainability of the respective service or the overall system in which it operates.
Previous research has, for instance, described the emerging possibilities of employing
connectivity and real-time data to enable intermodal mobility solutions involving various
means of transportation, such as public transit, taxis, and multiple forms of shared mobility
solutions (e.g., Willing et al., 2017). Multimodal mobility platforms allow consumers to choose
and combine various alternatives. However, from a collective perspective, their choices might
hinder the efficiency and longevity of individual or collective initiatives (Cohen and
Kietzmann, 2014). Thus, IS-enabled value co-capturing with consumers might become an
increasingly important component in future transportation systems and other smart city
contexts.

2.9 Conclusion

Due to their superior utilization of resources, 1S-enabled ABC business models represent an
important building block for the transformation of cities towards increased economic,
environmental, and societal sustainability. However, there are also negative side effects to
these business models, i.e., careless or wasteful user behavior, that could hinder their
enduringly profitable large-scale provision and thereby any potential environmental and
societal gains. Our study emphasizes the danger of moral hazard as a negative and
unwanted side effect resulting from the 1S-enabled decoupling of ownership and use, which
can be explained by the well-established agency theory. Prior research has demonstrated
that consumers are becoming co-creators of value, which highlights the importance of
viewing them as collaborative partners. However, value capture had not yet been adapted to
such an elaborated view on the consumer in terms of enhanced responsibility and agency.
Therefore, we investigated the potential of IS to mitigate moral hazard in carsharing—as a
representative of ABC business models—by co-capturing value with consumers. More
specifically, we modified the existing carsharing business model by implementing an IS-
enabled bonus scheme system that significantly motivated consumers to reduce reckless
and wasteful driving. We thus provide important implications for IS research on the
sustainable viability of digital eco-systems.

2.10 Acknowledgements

We would like to thank the German Federal Ministry for Economic Affairs and Energy for
financing the project “e-Mobilitat vorleben,” as the results of our study were generated within
the context of this research project. In addition, our gratitude is due to Andreas Schmidt and
Richard Schmidt for the excellent collaboration.

127

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



B.IV.2 — Study 5: Sharing yet Caring: Mitigating Moral Hazard in Access-Based Consumption
through 1S-Enabled Value Co-Capturing with Consumers

2.11 Appendix

2.11.1 Monetary Assessment of Possible Savings

To provide an evaluation of the economic practicability of our approach—transferable to
multiple carsharing companies—we determine the possible savings captured from adapted
driving behavior. We relied on cost categories for battery electric vehicles identified by prior
studies (e.g., Hagman et al., 2016) and selected the ones depending on driving behavior in
terms of celeration (e.g., af Wahlberg, 2007; Siero et al., 1989). Hence, we distinguish
between energy consumption costs as well as variable costs for maintenance and repair
(e.g., replacements of tires or brakes) and derive the following function to capture the
possible savings S depending on a one percent change in celeration behavior (Ac):

i S(Ac) = (Ac = By) * Cg + (Ac * By) * Cyg,
where ¢ represents energy costs, ¢, the maintenance and repair costs, and g, as well as g,
the savings in the two respective cost types proportional to a one percentage change in
celeration behavior (Ac).

To assess the possible savings resulting from the introduction of our bonus scheme, we
followed a two-step approach: First, we used the data from our in-vehicle data loggers as
well as additional information from our pilot case company to conduct multivariate
regressions estimating the proportional savings due to a one percent change in celeration.
Second, we assessed the possible annual savings for different scenarios in absolute terms.

Estimating the proportional impact of celeration behavior on possible savings

To estimate possible savings, we had to quantify the impact between celeration behavior and
the respective cost types. To accomplish this, we collected cost data from our pilot case
company. For energy costs, we derived data on energy consumption from our in-vehicle data
loggers, providing us precise information on the actual energy consumption per trip. For
maintenance and repair costs, the carsharing provider supplied us with costs for all vehicles
for the timeframe of our quasi-experiment plus 12 additional months. Using this data, we
employed multivariate OLS regressions on our data set of 2,983 bookings to quantify the
impact of celeration behavior and both cost types.

Proportional impact of celeration behavior on energy costs

To quantify energy costs, we first calculated energy consumption per km (Cg/im) by dividing
energy consumption in kWh (¢,) derived from our in-vehicle data loggers by the trip length in
km (d,). Next, we multiplied this energy consumption per km by an electricity price of p; =
0.2916 for households and small-scale businesses (BDEW, 2017), given the specifics of our
pilot case company. Moreover, we considered power loss during electric vehicle charging
and adopted a charging efficiency of » = 0.9 (Schmidt et al., 2015). The following equation
summarizes this approach for a certain booking b:

. 1
i Cepemp = ;—’;*ZpEVb e{1,-,B)}.
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To estimate energy cost savings dependent on a change in celeration behavior, we ran a
multivariate regression with energy cost per km ¢z, as the dependent variable and
celeration (¢,) as the independent variable. We also included the set of control variables used
to estimate the impact between our bonus scheme and celeration behavior, as driver,
weather, trip, and traffic effects can also impact energy costs independent of the celeration
behavior. However, we omitted the distance variable, as energy consumption per km is
already dependent on this variable. In addition, we included a night dummy as vehicle
lighting might also affect energy costs. The results of our regression are displayed in Table
B-22 and show the anticipated positive and significant effect of celeration on energy costs.
To derive energy costs, savings proportional to a one percent change in celeration (i.e., 5,)
from the regression results, we calculated the marginal effect of a one percent decrease in
celeration behavior (Ac). Considering the mean celeration in our sample of 55.2, a marginal
decrease of 1% would result in an absolute reduction of 0.0257 (i.e., 0.552 * 0.0465) in
energy costs per km. Based on the mean energy cost of 7.6636 euro cent per km, this
reduction is equal to a decrease of 0.335% in energy cost per km (i.e., ;).

Table B-22. Impact of celeration on energy costs

Method OoLS
Dependent variable Energy costs (per km)
Independent variable
celeration® 0.0465  ***
(0.000)
Controls
gender (female) 0.4750 *
(0.277)
experience -0.0502 **
(0.036)
average speed -0.0633  ***
(0.000)
SOC -0.003
(0.346)
night 0.4848
(0.277)
low traffic 0.4705
(0.123)
holiday -0.9108 ***
(0.000)
weekend -0.216
(0.437)
rain 0.1559
(0.163)
snow 1.2104  ***
(0.000)
temperature -0.1829  ***
(0.000)
wind -0.0027
(0.646)
constant 9.7025  ***
(0.000)
N 2,983
adjusted R” 0.178

*x % and * indicate significance at the 1%, 5%, and 10% levels
(two-tailed), respectively. 1: Celeration is multiplied by 100 to
better interpret the results. Moreover, note that the sample mean
of celeration is 55.2.
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Proportional impact of celeration behavior on maintenance and repair costs

We received all maintenance and repair costs from the carsharing provider. As we were only
interested in costs affected by celeration behavior, we omitted any costs independent of the
actual usage (e.g., regular inspection). Maintenance and repair costs were measured by
monthly car costs. However, we considered the costs for the upcoming 12 months and
computed an average, as we expected more than just immediate effects. To estimate the
maintenance and repair cost savings dependent on a change of celeration, we ran a
multivariate regression with maintenance and repair costs as dependent variables and
celeration behavior as the independent variable. Moreover, we again included various control
variables to estimate the impact between our bonus scheme and celeration behavior. Table
B-23 depicts the results of this regression. Our results document the expected positive and
significant effect of celeration on maintenance and repair costs. To derive the savings in
maintenance and repair costs proportional to a one percent change of celeration (i.e., g,)
from the regression results, we calculated the marginal effect of a one percent decrease in
celeration behavior (Ac) on maintenance and repair costs. Considering the mean celeration in
our sample of 55.2, a marginal decrease of 1% would result in an absolute reduction of
0.1067 (i.e., 0.552 * 0.1932) in maintenance and repair costs. Based on the mean
maintenance and repair costs of €13.45, this reduction is equal to a decrease of 0.790% in
maintenance and repair costs (i.e., ,).

Table B-23. Impact of celeration on maintenance and repair costs

Method OLS
Dependent variable Maintenance and repair costs
Independent variable
celeration® 0.1932 *
(0.061)
Controls
gender (female) 0.3022
(0.601)
experience 0.0872
(0.412)
average speed 0.0594 *
(0.065)
SOC -0.268
(0.445)
(In) distance 0.0069
(0.548)
low traffic 0.1037
(0.859)
holiday 2.6098  ***
(0.002)
weekend -0.4899
(0.421)
rain -0.3443
(0.317)
snow 3.0476  ***
(0.004)
temperature 0.1512  ***
(0.000)
wind 0.0536  ***
(0.002)
constant -3.3778
(0.583)
N 2,983
adjusted R* 0.154

wx *x and * indicate significance at the 1%, 5%, and 10% levels
(two-tailed), respectively. 1: Celeration is multiplied by 100 to
better interpret the results. The sample mean of celeration is 55.2.
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Total savings proportional to a change in celeration behavior

Based on the regressions results in Table B-22 and Table B-23, we were able to concretize
our function of possible savings s dependent on a one percent change in celeration behavior
(Ac). Specifically, we derived the following:

iii. S(Ac) = (Ac % 0.335) * Cg + (Ac * 0.790) * Cyp-
This function allows for calculating possible savings dependent on certain reductions in
celeration behavior. For instance, assuming a celeration reduction of 5.1% (the mean of all

models included in Table B-21) would decrease certain energy costs by 1.71% and
maintenance and repair costs by 4.03%.

Calculating the potential cost savings in absolute terms

Next, we needed to conduct an assessment of the annual energy as well as maintenance
and repair costs to estimate possible savings in absolute terms. To do so, we relied again on
the information from the carsharing company. On average, the monthly maintenance and
repair costs for each VW e-up! (the vehicle used in our study) amounted to €13.50. To verify
the viability of this value, we compared it to the historical data provided by the ADAC
database (ADAC, 2017). Excluding the costs independent of celeration behavior, such as
regular inspections, the ADAC expects average monthly costs of €21 for private customers
for the model VW e-up!. Although it seems plausible that carsharing operators experience
lower costs because they conduct certain tasks such as changing tires and minor repairs on
their own, we must acknowledge that our data set does not cover all long term effects (e.qg.,
not all of our vehicles were equipped with new tires and brakes during the period under
consideration). Therefore, we decided to proceed with the mean value of costs accrued at
our pilot case company and the ADAC data. Hence, the annual maintenance and repair
costs per vehicle were calculated by extrapolating the monthly costs of €17.25 to one year.

The total energy costs can be calculated by extrapolating the previously derived energy costs
per km to an annual mileage. At our pilot case company, the average driving distance of an
electric vehicle is 9,729 km per year. However, this value appears to be relatively low when
compared to other studies (e.g., Abarzla, 2015; McKinsey, 2015). We therefore calculated
the savings for three different scenarios: a conservative case with 9,729 km (pilot case
company), a realistic case based on 18,500 km (Abarzta, 2015), and an optimistic case
assuming an annual mileage of 32,830 km (McKinsey, 2015).

Finally, the possible annual savings can be calculated by multiplying the absolute costs for
energy as well as maintenance and repair by the respective coefficients displayed in our
savings function. Assuming a decrease in celeration behavior by 5.1% (as shown above), the
carsharing company would save 1.71% of the total annual energy costs and 4.03%. of their
expenditures for maintenance and repair. If our pilot case company were to electrify their
entire fleet of 114 vehicles and include them in the bonus scheme, annual savings between
€2,404 and €5,885 could be achieved (dependent on vehicle mileage). Table B-24 visualizes
the annual savings depending on the number of vehicles for the three different scenarios
(scale effects were not considered). However, it must be noted that these calculations rely on
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the specifics of a VW e-up! and greater savings can be achieved for vehicle types with higher
operating costs. Moreover, despite the direct monetary implications, there are further
downstream effects for the carsharing provider, as celeration behavior is, for instance,
positively associated with accidents that lead to higher insurance premiums.

Table B-24. Possible annual savings based on a 5.1% decrease in celeration

Number of vehicles Conservative case Realistic case Optimistic case
100 €2,109 €3,258 €5,136
Case company: 114 €2,404 €3,714 €5,855
200 €4,218 €6,516 €10,272
300 €6,327 €9,774 €15,408
400 €8,436 €13,033 €20,543
500 €10,545 €16,291 €25,679
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C. Contributions

This cumulative thesis aspired to investigate the transformational impacts of pervasive digital
technologies on business models in the physical mobility sector. To do, it focused on three
main objectives: (1) shedding light on the nature of digitalization and its impacts on business
models in general terms, (2) exploring changes in incumbent mobility firms’ business models
in response to the increased diffusion of digital technologies, and (3) examining the
potentials of digital technologies to improve value creation and capture in disruptive mobility
business models. Five studies were conducted, each of which applies a distinct focus to
accomplish these goals while deriving valuable insights and recommendations for
practitioners and researchers.

The first chapter included in this part (C.I) recapitulates the main findings of each study and
relates them to the core research questions of this thesis. Chapter C.II then continues with
the accumulated implications for practice and research, while Chapter C.llII presents a
summary of limitations and opportunities for further research. Finally, Chapter C.IV closes
this work with concluding remarks.
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I.  Findings and Results

This chapter summarizes the findings of the five studies and aims to provide answers to the
research questions proposed in Section A.l.2. Based on an assessment of the individual
sections, a synthesis is provided to connect the results of the individual studies.

.1 Findings Regarding the Role of Digital Eco-Systems in the Socio-technical
Transition towards Future Mobility

The purpose of Chapter B.l is to relate the phenomenon of digitalization to the field of
mobility. More specifically, it aims to provide answers to the first research question
concerning the role of digital technologies and the associated digital eco-systems in the
socio-technical transition towards future mobility. To more fully understand the complexity of
transitions in established socio-technical systems, a multi-level perspective was applied
(Geels, 2004). Table C-1 provides an overview of this study, while its main findings are
presented below.

Table C-1. Title, research question, and main contribution of study 1

Findings of Study 1

Title Towards Sustainable Mobility — Digital Eco-Systems as Drivers of Disruptive Change

Associated research question RQ1: How do digital eco-systems promote the socio-technical transition towards future mobility
and pave the way for disruptive mobility business models?

Main contributions Multi-level framework and theoretical propositions explaining how digital eco-systems (digital
technologies, actors, and relationships between them) disrupt and transform established
patterns in the mobility sector.

Employing concepts from socio-technical transitions theory (e.g., Geels, 2010) and relating
them to the exceptional peculiarities of digitalization (e.g., Tilson et al., 2010; Yoo et al.,
2012), Study 1 provides a multi-level framework along with four theoretical propositions
describing the transformational impacts of digital technologies and emerging digital eco-
systems (Corallo et al., 2007) on the physical mobility landscape. The investigation’s findings
reveal that transitional changes are about complex and non-linear change processes
emerging from the interplay of activities at different levels: general exogenous landscape
developments (e.g., societal trends) exert pressure on existing socio-technical regimes (e.g.,
automobility), providing windows of opportunity for niche developments (i.e., new and
fundamentally different solutions) to break through and become part of a new socio-technical
regime or even replace it (Geels, 2012; Geels and Kemp, 2006; Nykvist and Whitmarsh,
2008; Verbong and Geels, 2010).

Drawing from an analysis of mobile applications, Study 1 illustrates how digital technologies
invade the mobility sector. By doing so, the investigation echoes the findings of prior studies,
describing how pervasive digital technologies spread into various new territories and become
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deeply entangled with peoples’ everyday lives (Yoo, 2010). The results indicate that a broad
and heterogeneous set of applications, stemming from diverse actors both within and outside
the existing regimes, affects various transportation modes, including cars, buses, and trains.
This leads consumers to become increasingly accustomed to digital functionalities and
digitally enhanced user experiences, driving the relevance of digital technologies in their
respective socio-technical systems (Gregory et al., 2014). Study 1 further suggests that
digital technologies — due to their convergent and generative nature (Yoo et al., 2012) — lead
to the emergence of digital eco-systems (Corallo et al., 2007), including various technologies,
actors, and the relationships among them. Hence, the diffusion of digital technologies can be
described as an overarching socio-technical phenomenon (Tilson et al., 2010). This
characterization directly corresponds to the class of landscape developments of socio-
technical transitions theory, defining exogenous trends beyond the control of individual actors
(Geels and Kemp, 2006) and determining broader conditions under which actors and
coalitions of actors operate (Spickermann et al., 2014).

Moreover, according to socio-technical transition theory, the diffusion of digital technologies
(as an instance of landscape developments) places various existing socio-technical regimes
(such as automobility) under pressure. To cope with this, incumbent actors try to reproduce
their systems by reorienting existing development trajectories through gradual and
incremental change (Verbong and Geels, 2010). Against this backdrop, Study 1 proposes
that incumbent mobility firms embed additional digital functionalities into their existing
products or infrastructures (Yoo et al.,, 2012) to account for consumers’ changing
expectations and demands (Lucas et al., 2013). In doing so, firms adapt to the new rules
introduced by digital players (e.g., device manufacturers, network operators, service and
content providers) and thus contribute to transforming their primarily physical sectors towards
digital eco-systems.

At the same time, the inimitable characteristics of digital technologies (such as the
homogenization of data and standardized interfaces between the layers of the layered
architecture) as well as the openness of digital eco-systems enable various actors from both
within and outside existing regimes to mix and match the unbounded resources available in
their networks to assemble their own contents or services (Tilson et al., 2010; Yoo et al.,
2010b). Hence, the findings suggest that a broad set of new and fundamentally different
types of mobility business models emerges, which resonates with the findings of other
studies (e.g., Remane et al., 2016a, 2016b). Study 1 thus indicates that the emergence of
digital eco-systems opens up windows of opportunity for niche innovations, fundamentally
deviating from existing regime rules to break into mass markets and thereby providing seeds
for radical systemic change (Geels, 2012).

Finally, while existing literature on socio-technical transitions assumes that each transition
ends in a new period of reproduction and dynamic stability (Geels and Kemp, 2006), Study 1
suggests that if the transition is driven by digital technologies and associated eco-systems,
their inherent characteristics tend to submit to the newly emergent socio-technical systems.
Whereas formerly dominant mobility regimes (e.g., automobility, train, bus) were chiefly
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considered to be closed systems limited to an exclusive set of technologies and actors, these
new socio-technical regimes follow a different logic. Due to their open and flexible nature,
diversification and convergence of previously separate regimes is likely to occur (Selander et
al.,, 2013). While prior regimes were characterized by a clear differentiation between
competition and cooperation, the innovation logic associated with digital technologies and
their underlying layered modular architecture (Yoo et al., 2010b) implies that rivals may
simultaneously act as partners and vice versa. Ultimately, due to the “unforeseen
dependencies among content, devices, networks, and social compositions” (Tilson et al.,
2010, p. 750), newly emergent mobility regimes are no longer stable or dynamically stable
but are instead shaped by a constant fluidity. Figure C-1 illustrates the summarized findings
of Study 1.
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I.2 Findings Regarding the Roles of Information Systems in Business Model
Innovation

While the notion of digital technologies relates to a variety of technologies, the phenomenon
of digitalization is relatively new to the realm of mobility. With this in mind, the second study
included in Part B applies a broader focus and examines the impact of IS on business model
innovation irrespective of a specific technology or context. To do so, this study uses the
business model concept as an anchor for structuring and analyzing novel approaches in the
digital era (Veit et al., 2014). Its purpose is to deliver a unified understanding and terminology
for further theorization about the growing role of IS in value creation and capture. Table C-2
provides a brief overview of Study 2.

Table C-2. Title, research question, and main contribution of study 2

Findings of Study 2

Title Uncovering the Role of IS in Business Model Innovation — A Taxonomy-Driven Approach to
Structure the Field

Associated research question RQ2: What are the roles of IS in business model innovation?

Main contribution Taxonomy uncovering the distinct roles of IS in business model innovation as (1) enablers, (2)
capabilities, and (3) frames of reference for business model innovation.

Drawing on empirical research, a rigorous taxonomy-building approach was conducted to
investigate the distinct roles of IS in business model innovation. The findings underscore the
increasing penetration of diverse technologies — e.g., mobile technologies, social media,
cloud computing, and data analytics (Bharadwaj et al., 2013) — into several aspects of
societies worldwide. Accordingly, firms across various industry settings react to this trend by
conducting initiatives to commercialize associated benefits through their business models
(Chesbrough, 2010). The results further highlight the exceptional traits of convergence and
generativity associated with digital innovation (Yoo et al., 2012). For instance, mobile
technologies are found to conflate a variety of services in the fields of, e.g., mobility, cultural
activity, and tourism (e.g., Walravens, 2012), thus giving rise to the convergence of
previously separate user experiences and industries. Integrating digital technologies into
industrial-age products, such as mechanical engineering items (e.g., Bjorkdahl, 2009),
represents another instance of convergence: as the physical materiality of artifacts expands
through digital materiality, the boundaries between the physical and digital worlds become
blurred (Yoo et al., 2012). Referring to the trait of generativity, digital platforms and mobile
ICT are described as general-purpose technologies, opening up new opportunities for
complementary digital innovations and their underlying business models (e.g., Hawkins and
Ballon, 2007). The findings thus demonstrate how digital technologies afford design
opportunities for combinatorial innovation along the layers of the layered architecture (i.e.,
devices, networks, services, and contents) (Yoo et al., 2010b).

However, IS-related business model innovation is not a uniform phenomenon but rather
occurs in various contexts through diverse mechanisms. The taxonomy reveals that IS
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impact business model innovations in both IS and non-IS industries with the focus relying on
either IS (e.g., a new digital platform) or non-IS business models (e.g., enhancing existing
technical performance and functionality of mechanical engineering products through ICT
innovations). The findings further demonstrate that IS can influence the business model
innovation outcome or process either directly or indirectly. Depending on its relationship to an
existing business model, the taxonomy emphasizes different types of business model
change; IS may lead to an extension or revision of existing business models or even the
creation of completely new ones (Cavalcante et al., 2011). Hence, IS can affect separate
components of the business model (i.e., value proposition, value network, value architecture,
and value finance [Al-Debei and Avison, 2010]) or any combination of these elements. The
variety of instances investigated by Study 2 provides empirical support for Proposition | (see
Figure C-1), stating that the increased diffusion of digital technologies can be viewed as a
landscape development affecting various established socio-technical systems.

Three major classifications were derived to describe the distinct roles of IS in business model
innovation. First, IS are used as support or design capabilities in the business model
innovation process. However, the results emphasize that IS are increasingly moving away
from corporate back-offices towards becoming businesses in themselves (EI Sawy and
Pereira, 2013). Therefore, the second role describes IS as enablers for the creation and
extension of business models, indicating that digitalization has become a core driver of
business model innovation (Fichman et al., 2014; Teece, 2010), even in primarily physical
sectors. Moreover, the findings affirm that digital business models do not occur in isolation
but rather become part of the open, complex, and evolving environments in which they are
nested (Yoo et al., 2012). Hence, in their third role, IS act as frames of reference for business
model innovation. Digital platforms and the associated eco-systems not only facilitate further
generative and convergent innovations but also introduce a new set of policies and rules (El
Sawy and Pereira, 2013) with which business model innovation initiatives must comply in
order to be successful. By doing so, Study 2 provides initial support for Proposition Il (see
Figure C-1), demonstrating that various socio-technical regimes become transformed by the
emergence of digital eco-systems. Accordingly, IS imply substantial changes with respect to
the way firms commercialize new ideas and technologies through their business models via
value creation and capture (Chesbrough, 2010; Teece, 2010). Figure C-2 summarizes the
findings provided by Study 2.
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Figure C-2. Summary of the main findings of study 2

[.3 Findings Regarding the Impact of Digital Technology Diffusion on
Business Model Innovation of Incumbent Mobility Firms

The insights provided by the previous chapters aimed to provide a solid fundament for further
theorization about the growing impact of digital technologies on socio-technical transitions
within the mobility sector. On this basis, Chapter B.llIl focuses on addressing the third
research question, concerning incumbent mobility firms’ business model innovations in
response to the increased diffusion of digital technologies. A comprehensive empirical study
in the context of the automobile industry was conducted to understand this phenomenon
more thoroughly. By investigating the dominant regime in the personal mobility sector (i.e.,
automobility), Study 3 mainly focuses on the meso level of the multi-level perspective (Geels,
2004). Table C-3 illustrates the title and related research question as well as the main
contribution of Study 3.

Table C-3. Title, research question, and main contribution of study 3

Findings of Study 3

Title Entering the Digital Era — The Impact of Digital Technology—Related M&As on Business Model
Innovations of Automobile OEMs

Associated research question RQ3: How does the increased diffusion of digital technologies impact the business model
innovation of incumbent mobility firms and how do they source the knowledge required for digital
innovation?

Main contributions Investigation of automotive incumbents’ digital business model innovations, their effects on
future firm performance, as well as the impact of acquiring external digital knowledge on OEMs’
innovativeness.

The investigation demonstrates that digitalization has in fact reached the sphere of physical
mobility environments. This forces incumbent mobility firms to digitally innovate their
business models, which provides further support for Proposition | (see Figure C-1). Study 3
reveals that automakers increasingly integrate digital capabilities into their cars to exploit new
sources of value creation and offer their own digital solutions. By doing so, they enhance
their core products through digital materiality (Yoo et al., 2012). The regression approach,

140

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



C.I — Findings and Results

based on a longitudinal panel of the world’s largest automotive manufacturers, reveals a
positive influence of digital business model innovation on future profit expectations. This
indicates that analysts specializing in the automotive industry expect the importance of IS to
rise — even in this industrial-age industry — and aligns with the findings of other studies (e.qg.,
Henfridsson et al., 2009; McKinsey, 2013). Study 3 further indicates that automotive firms
increasingly accomplish M&As targeting digital technology—related firms, which underscores
the convergence of previously separate industries. The results demonstrate that this form of
external collaboration is positively associated with OEMs’ digital business model
innovativeness, which is in turn positively moderated by a firm’s knowledge integration
capabilities, manifesting in different kinds of past acquisition experiences.

Study 3 emphasizes that pervasive digital technologies unite previously separate user
experiences and industries relating to diverse and heterogeneous disciplines, communities,
and bodies of knowledge (Yoo et al., 2010b). While a firm’s innovative success has always
been strongly bound to the need for integrating new and heterogeneous knowledge, the fluid
generativity and convergence of digital technologies greatly enhances dependence on the
amount and heterogeneity of knowledge resources (Carlile, 2002; Yoo et al., 2012),
especially for automakers with extensive experience in physical engineering (Wikhamn et al.,
2013). The findings indicate that by acquiring targets (including knowledge, skills, and
mindsets) from the digital space, OEMs can achieve progress in closing their capability gaps
and redefining their innovation logics for the digital era (Henfridsson et al., 2009). While
existing literature has often reported negative impacts of M&As on innovation outcomes (see
De Man and Duysters, 2005), they seem to be of particular value for innovations relying on
the layered modular architecture (Yoo et al., 2010b), thus highlighting the importance of
external collaboration and complementarity with the surrounding digital eco-systems (Makri
et al., 2010; Rai and Tang, 2014).

According to the findings, digital business models tend to be fundamentally different from
previous business models in the automotive industry. They are shaped by the peculiarities of
digital innovation and rely on openness towards collaboration within the surrounding digital
eco-systems (Bharadwaj et al., 2013; El Sawy and Pereira, 2013). For instance, automotive
firms increasingly integrate consumer devices into their cars to offer a variety of new
services, such as displaying e-mails or other content in the head-up display, automatically
assessing a smartphone’s music playlists, or remotely controlling car features, e.g., doors or
lights. The findings thus strengthen Proposition Il (see Figure C-1), contending that
incumbent mobility firms contribute to transforming their systems towards digital eco-
systems. At the same time, the findings provide empirical evidence that OEMs are
increasingly experimenting with digital options to enable more radical approaches to account
for changing consumer preferences (Lucas et al., 2013). For instance, they have started to
offer new service-oriented business models, including dynamic shuttle services, ridesharing,
and carsharing, which deviates fundamentally from the existing assumptions and rules of the
dominant automobility regime (Geels, 2004). Thus, the findings also provide initial support for
Proposition 11l (see Figure C-1), stating that digitalization gives rise to fundamentally different
mobility niche developments.
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I.4 Findings Regarding the Potentials of Digital Technologies to Improve
Value Creation and Capture in Disruptive Mobility Business Models

The final chapter of Part B aims to provide answers to the fourth research question,
considering the impact of digital technologies on the mechanisms of value creation and
capture in disruptive mobility business models. Two studies were conducted to answer this
guestion by focusing on the micro level of the multi-level perspective (Nykvist and
Whitmarsh, 2008). Employing a large-scale conjoint analysis among carsharing customers,
Study 4 investigates the role of digital technologies in increasing the attractiveness of
disruptive mobility business models. The example of carsharing was chosen due to its
maturity compared to other mobility niches. The title of Study 4, its related research question,
and its main contributions are given in Table C-4.

Table C-4. Title, research question, and main contribution of study 4

Findings of Study 4

Title The Value of IS in Business Model Innovation for Sustainable Mobility Services — The Case of
Carsharing

Associated research question RQ4: How do digital technologies improve value creation and capture in disruptive mobility
business models?

Main contributions Evaluation of the role of digital technologies for the perceived attractiveness of disruptive
mobility business models by drawing upon the three functions of IS: informate, automate, and
transformate.

The results of the conjoint analysis reveal that carsharing customers increasingly value
advanced technology operations. Drawing from the three roles of IS defined by Dehning et
al. (2003), Study 4 provides empirical evidence that digital technologies can play a central
part in (re-)designing mobility services to be more convenient for the user and more efficient
for the provider. First, the automate role manifests in the replacement of manual activities by
automating processes. For instance, rather than being forced to conduct time-consuming
tasks (e.g., calling a reservation hotline, picking up a key at a station, filling in a trip logbook),
users value easy and convenient access to mobility (e.g., few-click reservations, vehicle
access via smartphone or keycard, fully automated and reliable accounting functions).
Second, the informate role becomes obvious: while users experience higher levels of
certainty and transparency (informate down — e.g., by displaying vehicle availability
information on their smartphones or accessing information about their trips and driving costs
in their user account), providers benefit from real-time information for strategic purposes
(informate up — e.g., by remotely checking vehicle statuses and dispersion). Third, through its
transformative role, IS fundamentally redefines the way of doing business by altering
business processes and relationships. Here, Study 4 emphasizes that the use of digital
technologies gives rise to highly reliable pay-per-use business models characterized by
previously inconceivable interoperability that allows people to experience mobility
independent of the operator and their location and without performing repetitive registrations.
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By doing so, these interconnected solutions leverage significant network effects that can be
key differentiators and drivers of value creation (Bharadwaj et al., 2013).

Study 5 complements this view by investigating the changing role of consumers in digitally
enabled and disruptive mobility business models as well as their impact on how value is
created and captured. Methodologically, the study applied a large-scale, quasi-experimental
research design in a carsharing context, comprising data records of 2,983 bookings. Table
C-5 provides a brief overview of this study.

Table C-5. Title, research question, and main contribution of study 5

Findings of Study 5

Title Sharing yet Caring: Mitigating Moral Hazard in Access-Based Consumption through 1S-Enabled
Value Co-Capturing with Consumers

Associated research question How do digital technologies improve value creation and capture in disruptive mobility business
models?

Main contributions Insights on the importance of viewing consumers (and other entities) as integral parts of digital
business eco-systems by applying the potentials of digital technologies not only for co-creating
but also co-capturing value with them.

Study 5 provides valuable insights into the economics of digital business eco-systems. The
assessment reveals that business relationships are becoming more complex in the digital
era, as the various and often incongruent goals of actors involved give rise to several
conflicts of interests that might hinder the positive effects of the associated business models.
While prior research has described this aspect for interorganizational relationships (Cohen
and Kietzmann, 2014), Study 5 focuses on the important consumer-provider dyad. Drawing
on the well-established principal-agent theory (e.g., Eisenhardt, 1989), the findings reveal a
dark side of these digitally enabled mobility business models, resulting from the decoupling
of ownership and use (i.e., careless or wasteful user behavior). Such behavior is detrimental
to the enduringly profitable, large-scale provision of these services and associated benefits.
By conceptualizing, prototypically implementing, and empirically investigating an innovative,
IS-enabled value co-capturing mechanism, Study 5 demonstrates that digital technologies
not only allow for the provision of such service business models but also serve as a means to
address their unwanted side effects. More specifically, the adverse consequences of
consumers engaging in reckless and wasteful driving can be mitigated by tracing service
usage on an individual level (Agarwal and Dhar, 2014) and enabling consumers to participate
economically when acting favorably from a collective perspective. Thus, the findings
emphasize the importance of employing digital innovation (Yoo et al., 2012) at the back end
of business models (Ginzel and Holm, 2013) to increase their economic viability. Moreover,
Study 5 points towards positive externalities (Firnkorn and Miuller, 2011) in the form of
environmental and social benefits resulting from adapted consumption behavior.

With this view, Study 5 advances the understanding of the empowered role of consumers
(Lucas et al., 2013) within digital business eco-systems (EI Sawy and Pereira, 2013).
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Whereas consumers were formerly considered purely as operand resources (i.e., recipients
of goods), they are now moving towards being regarded as operant resources, capable of
acting and operating on other resources (Vargo and Lusch, 2004). While various disruptive
mobility business models, such as car- or ridesharing, “offer a value proposition as an
invitation to engage with the firm (and potentially other actors) for the cocreation of value”
(Lusch and Nambisan, 2015, p. 160), Study 5 emphasizes that to both mechanisms, value
creation and capture (Priem et al.,, 2013), must be considered to achieve sustainable
success. Due to their significant impact on a firm’s overall success, consumers (and other
actors) must be considered as integral parts of digital business eco-systems that depend on
creating an alignment of interests and goals among all partners involved (Adner, 2012). By
exploiting digital technologies to reward consumers behaving in ways that generate
additional value, Study 5 transfers the mechanisms of value co-capture — already known
from research on corporate contexts (e.g., Bharadwaj et al., 2013) — to decision making in
peoples’ private lives (Hess et al., 2014). This perspective is becoming increasingly important
in the era of digital business eco-systems.

Together, Studies 4 and 5 demonstrate that innovative business models that potentially
change and disrupt established patterns in the dominant mobility system are not necessarily
new. The idea of carsharing, for instance, was born many years ago. However, in traditional
carsharing business models, providers faced enormous efforts to manage their fleets while
users suffered from severe inconvenience and loss of both flexibility and certainty compared
to owning a car (Salon et al., 2000; Shaheen et al., 1998). Accordingly, these solutions have
led a shadowy existence outside the mainstream market for a long time. In contrast, present-
day carsharing providers increasingly integrate digital technologies into their business
strategies, either to improve or to change their business models (Bharadwaj et al., 2013).
Against this backdrop, the findings reveal that digital technologies are employed in most of
the business model pillars proposed by Osterwalder et al. (2005) and that value within digital
business eco-systems (El Sawy and Pereira, 2013) must be co-created and co-captured with
diverse actors, including partners, competitors, and customers. In such cases, IS are
employed to govern and guide every transaction, ensuring an efficient allocation of mobility
demand and supply, and are responsible for both pricing as well as cashless automatic
payments. By providing stakeholders with the relevant information at the appropriate time
and place, guaranteeing safety, and offering flexible and convenient access to mobility
services, transaction costs can be reduced for both consumers (e.g., via decreasing the time
and effort needed to use and switch among different mobility solutions) as well as providers
(e.g., by cutting down operating costs). These findings, demonstrating that IS enhance the
attractiveness and economics of such business models, provide further support for
Proposition Ill (see Figure C-1), stating that digital technologies and the associated digital
eco-systems facilitate the rise of various disruptive mobility business models from the niche
level. Moreover, due to the spread of digital technology—enabled service business models
such as carsharing, placing emphasis on customer experience and temporary access rather
than ownership (EI Sawy and Pereira, 2013), and an expansion of interoperability among
different solutions, the concept of mobility as a service has almost become a reality (KPMG,
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2014). Hence, it becomes obvious that digital eco-systems drive the formation of new and
fundamentally different mobility regimes, which strengthens Proposition IV (see Figure C-1).

I.5 Synthesis: A Multi-level Perspective on the Transformational Impacts of
Pervasive Digital Technologies on Business Models in the Mobility Sector

Although each chapter of Part B investigates a distinct research question, their findings are
closely interwoven. Taken together, the results form a comprehensive picture explaining the
transformational impacts of digital technologies on business models in the mobility sector.
The following provides a condensed view on this phenomenon with the multi-level framework
from Study 1 serving as an overarching lens for structuring the findings of the individual
studies.

On the macro level, Studies 1 and 2 contribute to an enhanced understanding of
digitalization as an instance of overarching landscape developments (Geels, 2012). Prior
research has described the increasing pervasion of digital technologies and its associated
actors in almost all facets of human life (Yoo, 2010). This development is exemplified by the
findings: while Study 2 demonstrates how digital technologies affect various sectors of our
society, Study 1 provides deeper insights into the diffusion of mobile devices and associated
applications within the scope of physical mobility environments. With more and more
businesses developing convergent and generative digital innovations (Yoo et al., 2012) and
more and more individuals participating in the triumphal procession of digital technologies,
digitalization has evolved into an overarching socio-technical phenomenon (Tilson et al.,
2010), independent from single firms, institutions, or sectors. This corresponds to the findings
of Study 2, describing digital platforms and associated digital eco-systems as exogenous
factors beyond the control of single actors. Comprising a diverse set of technologies and
actors, emerging digital ecosystems are designed to be open and flexible, thus implying
fundamental changes with regard to how value is created and captured in the respective
socio-technical systems (e.g., El Sawy and Pereira, 2013). Hence, they must be considered
as a frame of reference when innovating business models.

Considering meso-level developments, the findings reveal that the impending ubiquity and
diversity of digital technologies drives their relevance in various existing socio-technical
systems and places incumbent regimes under pressure. As a firm’s business models
represent an integral part of socio-technical systems being closely intertwined with the
surrounding components — such as infrastructures, technologies, and user practices (Bidmon
and Knab, 2014) — their logics become endangered. Study 3 provides insights on how
incumbent mobility firms adapt their business models in response to the emergence of
pervasive digital technologies. While prior research has highlighted severe capability gaps
experienced by automobile manufacturers in the digital era (Henfridsson et al., 2009), Study
3 emphasizes that the strategy of obtaining heterogeneous external digital knowledge via
M&A is particularly useful for achieving progress in the paradigmatic change from physical to
digital innovation. The findings further suggest that by diversifying their product portfolios and
developing new offerings that allow passengers to bring their own devices and continue their
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digital lifestyle in their vehicles, automakers aim to meet consumers’ changing preferences
(Lucas et al., 2013). Yoo et al. (2010b) explain that “as most subsystems of an automobile
are becoming digitized and connected through vehicle-based software architectures, an
automobile has become a computing platform on which other firms outside the automotive
industry can develop and integrate new devices, networks, services, and content” (p. 729).
Through this interwoven setup of physical and digital elements, automotive manufacturers
adopt the specifics of digital innovation that have been characterized as combinatorial and
distributed (Yoo et al., 2012) and thus contribute to transforming their socio-technical
systems towards digital eco-systems.

At the micro level, various mobility niches operate at the periphery, hoping to break through
and become part of an existing regime or even replace it (Geels, 2004). Although they are
indispensable for socio-technical transitions, Kranz et al. (2016) maintain that, “Owing to
the[ir] inferior quality, established firms often do not regard these innovations as seriously
affecting their competitive advantage” (p. 481). This resonates with the findings, as various
mobility niches (e.g., carsharing, ridesharing, or intermodal mobility) had existed for several
decades without achieving the momentum and force necessary to compete with existing
solutions in the prevailing socio-technical systems. Studies 4 and 5 highlight the
underperformance of disruptive mobility business models in established mainstream market
attributes (e.qg., in terms of flexibility, convenience, and reliability). However, due to their open
and flexible nature, digital eco-systems create windows of opportunity for disruptive niche
innovations to break through. Contemporary carsharing systems, for instance, make use of
existing digital capabilities in the car by interfacing with the in-vehicle digital systems that
allow for vehicle location via smartphone, automated access, and the capture of valuable
data necessary for their operations. In addition, such business models largely profit from the
ubiquitous connectivity provided by mobile technologies and their deep entanglement with
peoples’ everyday lives (Yoo, 2010). What becomes obvious is that the success of disruptive
mobility business models is largely dependent on the fit with surrounding digital eco-systems,
which includes not only technological aspects but also the actors and behaviors associated
with them. More specifically, Studies 4 and 5 demonstrate how disruptive mobility business
models take advantage of the changing roles of consumers and other actors in the digital
eco-system by integrating them as collaborative partners for the co-creation and co-capture
of value. The findings thus suggest that incorporating digital technologies in a viable
business model (Bidmon and Knab, 2014) compensates for the initial underperformance of
disruptive mobility solutions on established mainstream market attributes, which resonates
with the findings of other studies (e.g., Bohnsack and Pinkse, 2017). By enhancing
attractiveness for both providers and consumers, digital business model innovation becomes
a valuable means of facilitating the rise of radical developments from the niche level.

Aside from the popular example of carsharing, which has attracted both scholarly and
customer attention in recent years, there are several disruptive mobility niches clearly on the
rise but not mature enough to take over, e.g., intermodal mobility and dynamic shuttle
services (Geels, 2012). Nevertheless, the findings of this cumulative thesis point towards the
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formation of completely new mobility regimes that are fundamentally different from prior
ones, indicating that “we may be approaching a ‘tipping point’ in the demise of current
configurations of the dominant culture of automobility” (Sheller, 2004, p. 236). These new
socio-technical mobility systems, constructed on the basis of the inherent characteristics of
digital platforms and eco-systems, are shaped by openness and a constant fluidity that stems
from the traits of generativity and convergence (Yoo et al., 2012). Furthermore, the findings
illustrate the emerging diversity and convergence of previously separated regimes, as
various players from within and outside existing regimes develop new mobility solutions
based on the distributed and combinatorial innovation logic associated with digital
technologies (Yoo et al., 2012). For instance, various players from the digital space and
numerous startups have shifted their interests towards self-driving technologies, electric drive
trains, peer-2-peer—oriented ride- and carsharing platforms, as well as integrated multi-modal
mobility concepts that combine the offerings of several modes of transportation (e.g., train;
bus; taxi; and bike-, ride-, and carsharing) into seamless, convenient, time- and cost-efficient
trip chains (Cohen and Kietzmann, 2014; Remane et al., 2016a, 2016b; Willing et al., 2017).
Similar attempts can be observed in the realm of automotive incumbents working on
autonomous and electric vehicles as well as new mobility services (e.g., dynamic shuttle
services and ride- and carsharing) (Firnkorn and Muller, 2011; Hanelt et al., 2015b;
McKinsey, 2013; Porter and Heppelmann, 2014; Roland Berger, 2015). Regardless of which
solutions and players come out on top, these emerging socio-technical systems will no
longer be considered as closed systems with stable boundaries. Instead, a dynamic tapestry
of interlocking networks of regimes is likely to emerge, with new solutions arising
unpredictably by providing complementary value within the layered architecture of digital
technologies (Yoo et al., 2010b). The findings thus emphasize that these new socio-technical
systems differ not only with regard to specific technologies and actors but also in their
underlying nature: they are structured as open, coopetitive, distributed, and constantly
evolving, thus implying non-linear and unpredictable change trajectories (EI Sawy and
Pereira, 2013; Selander et al., 2010; Yoo et al., 2012). Figure C-3 summarizes this line of
argumentation.
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lI. Implications for Theory and Practice

The following sections present the major contributions of this cumulative thesis for the IS
research community (C.Il.1) as well as for business practitioners dealing with the increasing
impact of digital technologies in the mobility sector (C.11.2).

[I.1 Implications for IS Research

The theoretical findings presented in this thesis provide valuable implications for the IS
community. First, they contribute to recent research calls for theoretically and empirically
investigative studies on the issue of digital technology diffusion and its transformational
impacts on our society at large (e.g., Lucas et al., 2013; Yoo, 2010). With a spotlight on the
real-world, everyday environment of personal mobility, extant IS literature has largely
focused on describing the transformational impacts of digitalization on specific actors in the
mobility sector (e.g., Hanelt et al., 2015b; Piccinini et al., 2015a) or the important role of
digital technologies in enabling specific instances of disruptive business models (e.g.,
Teubner and Flath, 2015). In contrast, this thesis provides a holistic view and a differentiated
understanding of how digital technologies trigger transformational change in the socio-
technical mobility landscape at large. Its multi-level perspective is particularly useful in
analyzing the complex dynamics of transitions based on the co-evolution of technology and
society (Geels, 2004), as it serves as an overarching lens for structuring individual views on
this phenomenon. By adding the increased diffusion of digital technologies to the class of
general exogenous landscape developments (Verbong and Geels, 2010), this thesis
underscores that digitalization is not only concerned with the technical aspects of encoding
analogue information into digital form but is rather a socio-technical process of applying
digital technologies to broader institutional and social contexts (Tilson et al., 2010). Due to its
overarching nature, no single actor or group of actors could stop this development. Hence,
incumbent firms — even in primarily physical sectors such as mobility — must face
digitalization and develop their own digital solutions. Moreover, this thesis refines existing
theory in a sense that when digital technologies are involved, they give rise to the emergence
of digital eco-systems in various contexts (Corallo et al., 2007), which in turn trigger the
development and upsurge of several niche developments. In addition, while prior studies
maintain that each transition is followed by a new period of dynamic stability (e.g., Geels and
Kemp, 2006), the findings suggest that if the transition was driven by digital eco-systems, the
new regimes adopt rules of digital eco-systems in terms of being open, turbulent, coopetitive,
and constantly evolving. Hence, it was found that the generative and convergent affordances
of digital technologies (Yoo et al., 2010b) impact each tier of the multi-level perspective and
that transformational changes occur primarily due to the interplay of effects among the
different levels. By describing how effects from the macro level (i.e., wider contexts of society
at large) manifest in concrete changes on the meso (i.e., established regimes) and micro
levels (i.e., niche developments), this thesis adds important insights to existing digitalization
literature (Tilson et al., 2010). Moreover, as the phenomenon of digitalization impacts almost
every sector of society, the proposed theoretical model can be of particular value in

149

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



C.Il — Implications for Theory and Practice

understanding and explaining the impact of digital technology diffusion on transitions in
various contexts and thus contributes to the body of knowledge on IT-enabled change
(Besson and Rowe, 2012).

Moreover, this cumulative thesis supports and broadens existing knowledge in the emerging
research stream of digital innovation (e.g., Yoo et al, 2012). The empirical results
demonstrate that digital innovation has indeed reached the realm of physical mobility.
Moreover, it was found that innovations with pervasive digital technologies do not occur in
isolation but rather lead to the emergence of complex digital eco-systems (Corallo et al.,
2007). These eco-systems not only trigger further digital innovations by affording infinite
combination possibilities along the loosely coupled layers of the layered modular architecture
(Yoo et al., 2010b) but also increasingly determine which innovations will become successful.
Therefore, the focus must be extended from a single technological focus to the notion of
digital eco-systems and the relationship of an offering to the surrounding landscape of
heterogeneous technologies, networks, actors, and behaviors. The findings thus underscore
the importance of regarding existing digital eco-systems as frames of reference when it
comes to digital innovation. This facet is becoming increasingly essential in the mobility
sector, as the rise of digital eco-systems implies important game changers for established
regimes (EI Sawy and Pereira, 2013). For instance, while prior systems were chiefly
regarded as closed systems with stable boundaries, digital eco-systems provide grounds for
a variety of actors (e.g., device manufacturers, content providers, and service providers) to
work together, explicitly or implicitly, for the creation of generative and convergent digital
innovations, be it product, service, or platform. Consequently, digital innovation has been
described as blurring the boundaries between cooperation and competition as new mobility
services become more and more interconnected with multi-model mobility platforms
facilitating their combined use. Although the individual providers (e.g., bus; taxi; and bike-,
ride, and carsharing companies) are competitors in a strict sense, they cooperate and each
partner increases the competitiveness of their joint solutions. Moreover, the empirical
findings underline that innovations with pervasive digital technologies tend to imply a radical
shift in the role of consumers: they are not only more informed, able to choose among more
alternatives, and empowered towards suppliers (Lucas et al., 2013), but are also moving
towards becoming collaborative partners in co-created digital innovations that provide value-
in-use for the customer in a certain context (Lusch and Nambisan, 2015).

In addition, this study provides valuable insights that extend the existing body of literature on
digital business models (e.g., Fichman et al., 2014). Its findings reveal that the diffusion of
digital technologies throughout more and more aspects of everyday life (Yoo, 2010) and the
emergence of digital eco-systems massively alter the way in which business is carried out.
By applying a business model perspective to examine the implications of digitalization for the
mobility sector, this study contributes to the underresearched issue of addressing this
concept as an important unit of analysis when theorizing on the wide-ranging impacts of
digital technology diffusion (e.g., Al-Debei and Avison, 2010; Veit et al., 2014). While digital
business model innovation has been described as a fundamentally new way of creating and
capturing value via digital technologies (Veit et al., 2014), this thesis gleans a more profound
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understanding of the distinct mechanisms through which that can happen, taking into
consideration the perspectives of both providers and customers. The empirical findings
indicate that contemporary disruptive mobility business models employ digital technologies in
almost all business model components described by Osterwalder et al. (2005) and that
consumers increasingly demand high-technology operations, indicating a shift of their
preferences and expectations (Lucas et al., 2013) towards digitally enhanced mobility
experiences. Hence, this thesis echoes and extends the findings of prior research delineating
the emerging opportunities of (digital) business model innovation to increase the
attractiveness of disruptive mobility solutions (Bohnsack and Pinkse, 2017). In addition, it
was shown that the impacts of digitalization go far beyond the boundaries of focal firms and
physical products, indeed manifesting in changing relationships with regard to competitors,
partners, and customers. Ubiquitious connectivity and the oppenness of digital eco-systems
provide entirely new collaboration opportunities and support the formation of digital business
eco-systems in which value creation and capture as well as the balance between these
mechanisms become much more complex (Corallo et al., 2007; ElI Sawy and Pereira, 2013).
What becomes apparent is that the various and often contradictory roles of the different
actors give rise to several conflicts of interest that may harm the associated business models
and their positive outcomes (Cohen and Kietzmann, 2014). Against this backdrop, Study 5
underscores the particular value of revitalizing agency theory for the case of digital business
models. Moreover, while prior research has emphasized the importance of regarding
consumers and other actors in digital eco-systems as collaborative partners in value
creation, i.e., by co-creating value with them (Lusch and Nambisan, 2015), this thesis
extends this perspective by adapting the concept of value co-capture to the elaborated view
on the consumer in terms of enhanced agency and responsibility. The findings thus
emphasize that achieving viability in digital business eco-systems as contexts of joint
collaboration depends on the co-creation and co-capture of value with diverse partners,
including consumers. By doing so, this work provides fruitful insights into the economics of
digital business eco-systems. Once again, the business model construct appears particularly
suited for studying these relationships, as it serves as an integral link between a firm’s
offerings and the other elements in the surrounding socio-technical system, i.e., prevailing
technologies, infrastructures, actors, and behaviors (Bidmon and Knab, 2014).

Finally, this thesis offers important implications for the research field of green IS (e.g.,
Dedrick, 2010; Watson et al., 2010). Its findings demonstrate that widespread digitalization
provides significant opportunities for reorganizing socio-technical arrangements such as
personal mobility in a way that facilitates not only smart but also sustainable procedures
(Tilson et al., 2010). Specifically, digital technologies were found to enable the large-scale
provision of several forms of shared mobility that provide valuable environmental and societal
benefits, particularly in urban areas that struggle with the increasing challenges of
urbanization. By providing in-depth insights on how digital business model design options
increase the attractiveness of such sustainable solutions for both consumers and providers,
this work adds the perspective of IS-enabled business model innovation towards more
sustainable alternatives to the existing body of green IS research, which predominantly
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focuses on the potential of IS to increase the environmental performance of current business
models (e.g., Kossahl et al., 2012). Moreover, the findings underscore that the overall
sustainability performance of such service business models depends largely on consumer
behavior. By applying emerging possibilities of IS to integrate consumers as collaborate

partners for not only co-creating but also co-capturing value in order to foster sustainable
resource use by the individual, this thesis adds important insights on the sustainable viability
of digital eco-systems that might become increasingly important for the development of smart
and sustainable cities. An overview of this thesis’ major implications for the IS research
community is presented in Table C-6.

Table C-6. Implications for research

Field

Main implication

Explanation

Transformational IT
(e.g., Lucas et al.,
2013)

The multi-level perspective is particularly
useful for studying the transformational
impacts of digitalization on businesses and
society at large.

The change trajectories through which digital
technologies impact the mobility sector are diverse.
The multi-level perspective provides a sound
theoretical foundation to structure and analyze this
phenomenon, as it allows for capturing the complex
and co-evolutionary change effects arising at three
distinct analytical levels.

Digital innovation (e.g.,
Yoo et al., 2012)

Innovations with pervasive digital technologies
transform existing systems through the
formation of digital eco-systems.

Digital eco-systems must be considered as a
frame of reference when it comes to digital
innovation.

Due to their inherent characteristics, pervasive digital
technologies do not occur in isolation. Instead, they
lead to the emergence of complex digital eco-systems
composed of various technologies, networks,
platforms, actors, and the relationships among them,
also in primarily physical sectors.

Besides providing the basis for creating further
convergent and generative digital innovations, digital
eco-systems were found to determine the rules that
must be followed, thus rendering it imperative for
digital innovators to ensure compatibility with the
surrounding digital eco-systems if they want to
succeed.

Digital business
models (e.g., Fichman
etal, 2014)

The business model concept is particularly apt
for studying the novel mobility approaches in
the digital age.

The mechanisms of value creation and
capture become more complex in digital
business models.

Connecting firms’ offerings with the other elements of
the socio-technical system in which they are nested,
business models serve as an important unit of
analysis for structuring and explaining the wide-
ranging effects of digital technology diffusion on
personal mobility.

The innovation logic associated with pervasive digital
technologies renders business relationships more
complex. Hence, consumers and other entities in the
surrounding digital eco-systems must be considered
as integral parts of digital business eco-systems, by
not only co-creating but also co-capturing value with
them.

Green IS (e.g.,
Dedrick, 2010)

Digital business model innovation becomes a
powerful tool for fostering sustainable mobility
solutions and procedures.

Digital technologies play an increasingly important
role in the design of business models for sustainable
mobility. In addition to their potential to increase the
attractiveness of more sustainable alternatives, they
provide significant opportunities to promote
sustainable usage by the individual while consuming
the respective services.
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[I.2 Implications for Practice

This thesis is dedicated to the investigation of the increasing impact of digital technology
diffusion on everyday personal mobility — a topic that has recently begun to attract the
attention of almost all large consulting firms (e.g., Gartner, 2012; KPMG, 2014; McKinsey
and Bloomberg, 2016; Roland Berger, 2015), as it heralds a major change to the landscape
of mobility as known today. For decision makers from diverse fields, e.g., incumbent mobility
firms, politicians, mobility planners, and entrepreneurs, the immense complexity of such a
digital transformation provides both a unique opportunity and a major challenge. By applying
a multi-faceted view on this important phenomenon, this thesis aims to provide valuable
insights and recommendations for practitioners.

First of all, by describing the effects of digital technology diffusion at three distinct analytical
levels and how these developments are linked, this thesis provides practitioners with fruitful
insights into the very nature of digitalization. A heterogeneous set of technologies (e.g.,
mobile technologies, cloud computing, and big data) was found to cut through the mobility
domain, whereas the associated actors stem from both inside and outside existing socio-
technical regimes. At the same time, the results reveal that consumers increasingly alter their
preferences and expectations (Lucas et al.,, 2013) as they become accustomed to the
benefits provided by digital technologies and therefore demand digital mobility products and
services. Hence, due to the unprecedented diversity of technologies and actors involved,
digitalization has evolved into an overarching phenomenon characterized by self-reinforcing
dynamics (Yoo et al., 2010b) which constitute the characteristics of socio-technical
landscape developments that affect societies and economies worldwide (Verbong and Geels,
2010). Even if it were desirable, no single actor could stop or control the pervading influence
of digital technologies. Therefore, decision makers must acknowledge the increased diffusion
of digital technologies as an exogenous factor beyond individual control (Geels, 2010) and
adjust their activities accordingly.

Furthermore, this thesis applies a business model perspective to better understand the novel
approaches in the digital era. Practitioners can use the taxonomy developed by Study 2 as a
template to evaluate how IS can be applied to keep their business models relevant through
innovation. In addition, this work provides evidence for the growing importance of IS for
today’s businesses and emphasizes that decision makers should be aware of the various
mechanisms through which IS can impact business model innovations, as these must be
dealt with individually. 1S were not only found to influence the process of innovating business
models (i.e., digital design or support capabilities) and described as enablers of business
model innovation (i.e., new or digitally enriched business models) but were also determined
to function as a frame of reference for business model innovation (i.e., digital platforms or
digital eco-systems). It becomes apparent that an isolated consideration of single
technologies and closed systems is no longer sufficient. Instead, practitioners should be
aware of the surrounding digital eco-systems, as these not only trigger new business model
innovations building upon digital technologies but also introduce new rules (El Sawy and
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Pereira, 2013) with which business model innovations must comply in order to become
successful.

In addition, the findings maintain that incumbent mobility firms must face the digitalization of
their primarily physical sector by proactively innovating their business models if they want to
maintain their relevance in future socio-technical mobility regimes. The regression analyses
reveal that if they manage to do so, digital business model innovations can provide a
promising opportunity for diversifying their product portfolios and generating new profits.
However, as digital innovation represents a radical and paradigmatic change for physical
product manufacturing, automotive incumbents that have a strong foundation in engineering
(Hylving et al., 2012; Wikhamn et al., 2013) cannot simply bank on the existing competencies
and knowledge within their eco-systems. Instead, they must build up new knowledge
(Henfridsson et al., 2009) and rethink virtually everything they do as the hybridization of
digital and physical components gives rise to a variety of new strategic choices with regard to
how value is created and captured. Being open towards and integrating heterogeneous
external knowledge seems to be a valuable strategy to gear up for innovations with pervasive
digital technologies that have been described as convergent, distributed, and combinatorial
(Yoo et al., 2012).

Moreover, with digital eco-systems changing the roles and rules along which companies
compete, various disruptive mobility business models such as car- or ridesharing break forth
from the niche level. What becomes evident is that these mobility niches are not necessarily
new and do not necessarily involve superior technologies. Instead, the fit with the
surrounding technologies, platforms, actors, and associated behaviors determines the
success or demise of these solutions. While disruptive business models and technologies
often suffer from inferior quality compared to established solutions (Christensen, 1997),
incorporating digital technologies in a viable business model may mitigate the initial
underperformance, thus improving their attractiveness for both consumers and providers.
Applying the potentials of connectivity and digital data leverages significant scale effects that
can be a key differentiator and driver of value creation (Bharadwaj et al., 2013) while also
cutting down administration costs. Hence, decision makers should make use of the valuable
opportunities provided by digital technologies and capitalize on the changing roles of
consumers and other entities in emergent digital eco-systems. However, as the viability in
digital business eco-systems (El Sawy and Pereira, 2013) depends on creating target
congruity among all partners involved, successful business models should incorporate not
only mechanisms of value co-creation (Lusch and Nambisan, 2015) but also co-capture.

Finally, it becomes obvious that the impeding transition driven by digital eco-systems is not
one of a passing kind that ends in a new period of reproduction and dynamic stability (Geels
and Kemp, 2006). Instead, the exceptional characteristics of digital eco-systems create
regimes that are shaped by a constant fluidity. Rather than being considered as closed
systems with stable boundaries and limited to an exclusive set of actors, future mobility
regimes will be designed as open, coopetitive, distributed, and constantly evolving systems.
Due to the complex and unforeseen dependencies among networks, devices, services,
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contents, and social compositions (Tilson et al.,, 2010), a dynamic tapestry of closely
intertwined networks of regimes will emerge. It is likely that previously dominant solutions will
retain their relevance in these new socio-technical systems. However, these will be
surrounded by an increasing number of alternatives that benefit from the use of pervasive
digital technologies and their fit with the surrounding digital eco-systems. Hence,
practitioners must be aware of the momentous game changers (El Sawy and Pereira, 2013)
digital eco-systems entail for the physical mobility landscape as a whole. As new solutions
based on the combinatorial innovation logic associated with digital technologies (Yoo et al.,
2010b) may arise at any time from inside or outside existing regimes, disrupting changes,
reconfigurations, and variations will become common phenomena, occurring unpredictably.
This renders it imperative for decision makers to constantly monitor developments in the
surrounding eco-systems and innovate their business models accordingly. The major
implications for practitioners are summarized in Table C-7.

Table C-7. Implications for practice

Implication Explanation

As more and more individuals and businesses engage in the
triumphal procession of digital technologies, it has become an
Consider digitalization as an exogenous factor beyond overarching socio-technical phenomenon pervading virtually all
individual control. aspects of our society. Consequently, decision makers in the
mobility sector and all others must acknowledge the overarching
and irresistible nature of digitalization.

Digital technologies offer completely new possibilities for keeping

Acknowledge the mechanisms through which digital business models relevant through innovation. However, the
technologies and emergent eco-systems impact business mechanisms through which this effect arises are diverse. Most
model innovations. importantly, digital technologies give rise to the emergence of

digital eco-systems that must be considered as frames of
reference with which every business model innovation must be
aligned in order to be successful.

The strategy of sourcing heterogeneous external knowledge
seems to be particularly suited to mastering the paradigmatic
change from physical to digital innovation and developing
business models that build upon hybrid combinations of physical
and digital components.

Be open towards the integration of heterogeneous external
knowledge.

Traditionally, various disruptive mobility solutions underperform
in established mainstream market attributes. However, digital
eco-systems were found to change the rules and roles along
which companies compete. Hence, firms must reappraise the
competitiveness of alternative approaches, as incorporating
digital technologies in a viable business model may mitigate this
initial underperformance.

Exploit the possibilities of digital technologies for facilitating
the rise of disruptive mobility business models.

Future mobility regimes will differ from previous ones by adopting
the underlying nature of digital eco-systems. Accordingly, if they
Be aware of the open, coopetitive, distributed, and constantly want to succeed, mobility providers must rethink nearly
evolving nature of future mobility regimes. everything they do and adapt their business models in light of
changing rules with regard to competition, cooperation, and
communication.

155

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



C.IlI — Limitations and Further Research Opportunities

lll. Limitations and Further Research Opportunities

This chapter is composed of two sections presenting the limitations of this thesis (C.11l.1) and
outlining possible avenues for future research (C.II1.2).

I1I.1 Limitations

When interpreting the results of this work, one should be aware of its underlying limitations.
As each study of this cumulative dissertation is subject to individual research design— or
methodology-specific threats, these issues are described in the respective chapters in Part
B. Afterwards one can find a complementary outline of the limitations of the aggregated
results of this cumulative thesis.

First of all, it must be doubted that digitalization is the only driver for transformative change in
the mobility sector; it is rather the opposite that is true. Such radical socio-technical change
processes occur due to the complex interplay of various developments at different
dimensions and levels of our society (Verbong and Geels, 2010). While prior research
focuses primarily on other major trends affecting the mobility sector at large, such as
urbanization and environmental pressure (e.g., Nykvist and Whitmarsh, 2008), this thesis
aspired to shed light on the important role of pervasive digital technologies and associated
digital eco-systems in the socio-technical transition towards future mobility. However, as
these global phenomena cannot be regarded distinctly from one another, this work relied on
the concepts and basic assumptions of the multi-level perspective (e.g., Geels, 2012), taking
other exogenous trends (e.g., environmental degradation) into consideration as well. While
this ensured non-biased findings that do not simply overlook certain aspects, an exact
allocation of causes and effects was not always possible.

Moreover, Studies 1 and 2 are predominantly exploratory in nature. Their purpose was to
provide a theoretical foundation and unified terminology upon which the subsequent chapters
could provide deeper insights. Although these studies followed rigorous scientific approaches
to attain insights into the phenomenon of interest, the qualitative assessment is not free from
subjectivity. Study 1 relied on the knowledge bases of two different streams of research, i.e.,
digitalization and socio-technical transitions, as well as an assessment of mobile applications
to develop a conceptual framework explaining the role of emerging digital eco-systems in the
transition towards future mobility. However, the results must be viewed with a critical eye, as
the effects described largely depend on the subjective interpretation of the researchers.
Similarly, the taxonomy developed in Study 2 relies on a qualitative assessment of
documented empirical research to uncover the distinct roles played by IS in business model
innovation. Hence, the general validity and generalizability of the findings must be
questioned. To at least alleviate potential biases, rigorous sampling and analysis procedures
were applied. Moreover, when aggregating the findings to a condensed view (see Section
C.1.5), the effects at the different levels of the multi-level perspective were always described
by drawing upon the findings of more than one individual investigation.
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Moreover, by setting distinct foci to generate in-depth insights on the impact of digital
technologies on business models in the mobility sector, the generalizability of the findings is
limited. Studies 4 and 5 considered carsharing as an appropriate showcase to study how
digital technologies improve value creation and capture in disruptive mobility business
models. However, prior research has revealed a variety of types and instances of digital
business models in the mobility sector (e.g., Remane et al., 2016b), indicating the diversity of
the mechanisms through which digital technologies impact value creation and capture.
Setting a particular focus clearly narrows the breadth of insights captured. Nonetheless, the
general insights and concepts — particularly concerning the more empowered role of the
consumer in digital business as well as the co-creation and co-capture of value in contexts of
joint collaboration within digital business eco-systems — are transferable to various other
instances of disruptive mobility models. However, it must be acknowledged that their
concrete manifestations must be verified and adapted for other cases. In addition, Study 3
focused on the dominant regime in the personal mobility domain (i.e., automobility) to explore
how incumbent mobility firms adapt their business models in response to emergent digital
technologies. Despite the valuable insights into this unique context, the transferability of the
findings to other incumbent mobility firms must be questioned. Moreover, the quantitative
nature of the assessment does not allow for an in-depth analysis of the deeper dimensions of
OEMs’ business model innovations and their collaboration strategies within digital eco-
systems.

Finally, it should be noted that the digital transformation of the mobility sector has only just
begun. This work made a first attempt to shed light on the transformational impacts of digital
technologies on business models in the mobility sector. However, despite the valuable
insights that could be derived by studying the most recent business model changes of both
incumbent mobility firms as well as disruptive mobility solutions, it must be acknowledged
that intermediate and long-term experiences cannot yet be generated. Although there
already exist some discernible trends (e.g., shared forms of mobility, electric drive trains), the
open, turbulent, and coopetitive nature of the newly emergent socio-technical mobility
regimes makes it rather impossible to predict the solutions and players who will eventually
prevail and endure or how they will collaborate with one another.

[lI.2 Further Research Opportunities

The avenues for future research are manifold. First and foremost, this thesis employed a
multi-level perspective to investigate the transformational impacts of digital technology
diffusion on the mobility sector. By providing a holistic framework describing how effects from
the macro level manifest in concrete changes on the meso and micro levels, this study
supplies a valuable methodological and theoretical foundation upon which future research
can build. As almost every sector of our society is affected by digitalization, it would be
worthwhile to apply this perspective to examine the transformational impacts of pervasive
digital technologies on various other sectors, thereby taking the notion of digital eco-systems
into consideration to account for the socio-technical nature of the digitalization phenomenon.
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Another fruitful direction for future research would be to focus on other mobility solutions or
players to glean more profound insights for the community. The specific case of carsharing
was chosen because of its maturity compared to other disruptive business models. However,
several other mobility niches (e.g., intermodal travel and electric mobility) are clearly on the
rise and are therefore well suited to serve as subjects of investigation for future studies.
Hence, future research might extend the findings of this work by investigating how digital
technologies contribute to increasing the attractiveness of various disruptive mobility niches
while taking into account the perspectives of both providers and consumers.

Furthermore, with its focus on automobile manufacturers, this thesis made first steps in
investigating how incumbent mobility firms change their business models in response to
emergent digital technologies. However, the limitations described above pave the way for
ample directions for future research. For instance, other IS researchers have begun to
examine the tensions and managerial challenges faced by automotive firms in the
paradigmatic change from physical to digital innovation (e.g., Hanelt, 2016; Hylving et al.,
2012; Piccinini, 2016). While this study provides indications that the strategy of acquiring
heterogeneous external digital knowledge is best suited to enhancing the digital business
model innovativeness of OEMSs, further research is needed to understand this facet more
completely. Examining deeper dimensions of how automakers innovate their business
models or how other incumbent mobility firms (e.g., train or bus companies) react to the
emergence of pervasive digital technologies in their socio-technical systems are other
worthwhile directions to take.

In addition, the findings of this thesis provided valuable insights into the very nature of digital
business models. By extending emerging thoughts in IS research to the more empowered
role of consumers in digital business (e.g., Lucas et al., 2013) — also in offline contexts of
individual personal life — and demonstrating new forms of collaboration by co-creating and
co-capturing value with consumers and other actors in digital eco-systems, this work offers
interesting avenues for future research. Hence, IS researchers are encouraged to transfer
these concepts to various other domains and challenge the findings of this cumulative study.
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V. Conclusion

The diffusion of digital technologies changes the way how people experience their everyday
mobility as well as the physical landscape of mobility in general. Therefore, both scholars
and practitioners have begun to investigate the novel opportunities and challenges
confronting the mobility sector (e.g., Cohen and Kietzmann, 2014; KPMG, 2014; McKinsey
and Bloomberg, 2016; Piccinini et al., 2015a; Porter and Heppelmann, 2014; Remane et al.,
2016c¢; Teubner and Flath, 2015). This cumulative thesis, composed of five individual
studies, aspired to provide a comprehensive understanding of the transformational impacts
of digital technologies on business models in the mobility sector. To accomplish this, four
research questions were derived and investigated in Part B of this dissertation.

The first chaper of Part B (B.I) provided a sound theoretical foundation for the phenomenon
of interest. A conceptual multi-level framework was derived along with four theoretical
propositions describing how the diffusion of digital technologies drives the transition towards
future mobility in a general way. The findings revealed that digitalization affects all levels of
the multi-level perspective: the wider contexts of society at large on the macro level,
established regimes on the meso level, and niche developments on the micro level.
Moreover, it was shown that transformational change primarily takes place through the
interplay of effects at the different levels.

Subsequently, Chapter B.Il delivered a differentiated understanding of the distinct
mechanisms through which IS impact changes in firms’ business models. Three different
roles could be derived: IS act 1) as capabilities in the business model innovation process, 2)
as enablers for business model innovation, and 3) as frames of reference for business model
innovation. Therefore, apart from highlighting the growing importance of IS for today’s
businesses in general, the findings revealed that innovations building upon pervasive digital
technologies become part of the open and complex digital eco-systems in which they are
nested, thus rendering the consideration of their relationship to the surrounding environment
of heterogeneous technologies, actors, and behaviors imperative.

Chapter B.llI offered insights into the impact of increased diffusion of digital technologies on
incumbent mobility firms’ business model innovations. It was shown that even in this primarily
physical sector, incumbent firms adapt their business models in light of the increasing
presence of digital technologies throughout our society. The findings suggested that the
capital market values firms’ efforts to meet new challenges of the digital transformation by
proactively changing their business models and delivering attractive digital user experiences
that account for changed consumer preferences. Moreover, it was found that sourcing
heterogeneous external knowledge via digital technology—related M&As might be a valuable
strategy to gear up for the novel approaches in the digital era.

Finally, Chapter B.IV provided an in-depth assessment of the role of digital technologies for
improving the mechanisms of value creation and capture in disruptive mobility business
models. It was shown that digital technologies have the potential to improve the
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attractiveness of such alternative solutions for both consumers and providers. The crucial
success factor is the fit with the surrounding digital eco-systems. However, this is not only a
matter of technological aspects but also involves a variety of actors along with their
associated behaviors and preferences. By providing firms with entirely new collaboration
opportunities, digital eco-systems were found to alter the rules along which companies
compete. Thus, they facilitate the rise of disruptive mobility business models that previously
could not operate economically due to high transaction costs. Hence, the findings suggested
that providers of disruptive mobility business models must increasingly consider consumers
and other entities in the surrounding environments as integral parts of their digital business
eco-systems.

160

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



References

References

Abarzua, T. 2015. “Carsharing Und Elektromobilitat,” Sonnenenergie (6), pp. 40-41.

Abernathy, W. J., and Chakravarthy, B. S. 1979. “The Federal Initiative in Industrial
Innovation: The Automotive Case,” Sloan Management Review (27:2), pp. 5-17.

ADAC. 2017. “ADAC Autodatenbank,” https://www.adac.de/infotestrat/autodatenbank/,
accessed 2017-11-07.

Adner, R. 2012. The Wide Lens: A New Strategy for Innovation, New York: Portfolio/Penguin.

af Wahlberg, A. E. 2003. “Stability and Correlates of Driver Acceleration Behaviour,” in
Proceedings of the International Conference on Driver Behaviour and Training, Stratford-
upon-Avon, Britain, pp. 45-54.

af Wahlberg, A. E. 2006. “Driver Celeration Behavior and the Prediction of Traffic Accidents,”
International Journal of Occupational Safety and Ergonomics (12:3), pp. 281-296.

af Wahlberg, A. E. 2007. “Long-Term Effects of Training in Economical Driving: Fuel
Consumption, Accidents, Driver Acceleration Behavior and Technical Feedback,”
International Journal of Industrial Ergonomics (37:4), pp. 333-343.

Agarwal, R., and Dhar, V. 2014. “Big Data, Data Science, and Analytics: The Opportunity
and Challenge for IS Research,” Information Systems Research (25:3), pp. 443—-448.

Aggarwal, N., Dai, Q., and Walden, E. 2006. “Do Markets Prefer Open or Proprietary
Standards for XML Standardization? An Event Study,” International Journal of Electronic
Commerce (11:1), pp. 117-136.

Ahuja, G., and Katila, R. 2001. “Technological Acquisition and the Innovation Performance of
Acquiring Firms: A Longitudinal Study,” Strategic Management Journal (22:3), pp. 197—
220.

Ahuja, G., and Lampert, C. M. 2001. “Entrepreneurship in the Large Corporation: A
Longitudinal Study of How Established Firms Create Breakthrough Inventions,” Strategic
Management Journal (22:6-7), pp. 521-543.

Aiken, L., and West, S. 1991. Multiple Regression: Testing and Interpreting Interactions,
Thousand Oaks, CA: Sage Publications.

Al-Debei, M. M. 2010. The Design and Engineering of Innovative Mobile Data Services: An
Ontological Framework Founded on Business Model Thinking, PhD Thesis. Brunel
University of London.

Al-Debei, M. M., and Avison, D. 2010. “Developing a Unified Framework of the Business
Model Concept,” European Journal of Information Systems (19:3), pp. 359-376.

Almirall, E., Wareham, J., Ratti, C., Conesa, P., Bria, F., Gaviria, A., and Edmondson, A.
2016. “Smart Cities at the Crossroads: New Tensions in City Transformation,” California
Management Review (59:1), pp. 141-152.

161

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



References

Amit, R., and Zott, C. 2001. “Value Creation in E-Business,” Strategic Management Journal
(22:6-7), pp. 493-520.

Amit, R., and Zott, C. 2012. “Creating Value through Business Model Innovation,” MIT Sloan
Management Review (53:3), pp. 41-49.

Andreasson, L., Henfridsson, O., and Selander, L. 2010. “Design-Task Linkages in Digital
Innovation: Software Platforms at Globalcarcorp,” Sprouts: Working Papers on
Information Systems (10:25), pp. 1-21.

Antonakis, J., Bendahan, S., Jacquart, P., and Lalive, R. 2010. “On Making Causal Claims: A
Review and Recommendations,” Leadership Quarterly (21:6), pp. 1086—1120.

Aron, D. 2012. “Business Model Innovation: Unleashing Digital Value Everywhere,” Report.

Aspara, J., Lamberg, J., Laukia, A., and Tikkanen, H. 2011. “Strategic Management of
Business Model Transformation: Lessons from Nokia,” Management Decision (49:4), pp.
622-647.

Backhaus, K., Erichson, B., and Weiber, R. 2011. Fortgeschrittene Multivariate
Analysemethoden: Eine Anwendungsorientierte Einfihrung, Heidelberg: Springer.

Baden-Fuller, C., and Haefliger, S. 2013. “Business Models and Technological Innovation,”
Long Range Planning (46:6), pp. 419-426.

Bailey, K. D. 1994. Typologies and Taxonomies — An Introduction to Classification
Techniques, Thousand Oaks: Sage Publications.

Baiyere, A., and Salmela, H. 2013. “Review: Disruptive Innovation & Information Technology
—Charting a Path,” in Proceedings of the 24™ Australasian Conference on Information
Systems, Melbourne, Australia, pp. 1-11.

Banister, D. 2008. “The Sustainable Mobility Paradigm,” Transport Policy (15:2), pp. 73—-80.

Banker, R. D., Bardhan, I, and Asdemir, O. 2006. “Understanding the Impact of
Collaboration Software on Product Design and Development,” Information Systems
Research (17:4), pp. 352-373.

Baptista, P., Melo, S., and Rolim, C. 2014. “Energy, Environmental and Mobility Impacts of
Car-Sharing Systems. Empirical Results from Lisbon, Portugal,” in Procedia - Social and
Behavioral Sciences (111), pp. 28-37.

Barabba, V., Huber, C., Cooke, F., Pudar, N., Smith, J., and Paich, M. 2002. “A Multimethod
Approach for Creating New Business Models: Business Models: The General Motors
OnStar Project,” Interfaces (32:1), pp. 20-34.

Barczak, G., Hultink, E. J., and Sultan, F. 2008. “Antecedents and Consequences of
Information Technology Usage in NPD: A Comparison of Dutch and U.S. Companies,”
Journal Product Innovation Management (25:6), pp. 620—631.

Bardhi, F., and Eckhardt, G. M. 2012. “Access-Based Consumption: The Case of Car
Sharing,” Journal of Consumer Research (39:4), pp. 881-898.

162

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



References

Barth, M., Todd, M., and Shaheen, S. 2003. “Intelligent Transportation Technology Elements
and Operational Methodologies for Shared-Use Vehicle Systems,” Transportation
Research Record (1841:1), pp. 99-108.

Bassemir, M., Novotny-Farkas, Z., and Pachta, J. 2013. “The Effect of Conference Calls on
Analysts’ Forecasts — German Evidence,” European Accounting Review (22:1), pp. 151—
183.

BDEW. 2017. “BDEW-Strompreisanalyse Februar 2017: Haushalte Und Industrie,” Report.

Belk, R. 2013. “You Are What You Can Access: Sharing and Collaborative Consumption
Online,” Journal of Business Research (67:8), pp. 1-6.

Belk, R. W., and Costa, J. A. 1998. “The Mountain Man Myth: A Contemporary Consuming
Fantasy,” Journal of Consumer Research (25:3), pp. 218-240.

Ben-Elia, E., Di Pace, R., Bifulco, G. N., and Shiftan, Y. 2013. “The Impact of Travel
Information’s Accuracy on Route-Choice,” Transportation Research Part C (26), pp. 146—
159.

Bena, J., and Li, K. 2014. “Corporate Innovations and Mergers and Acquisitions,” Journal of
Finance (LXIX:5), pp. 1923-1960.

Benner, M. J., and Tushman, M. 2002. “Process Management and Technological Innovation:
A Longitudinal Study of the Photography and Paint Industries,” Administrative Science
Quarterly, (47:4), pp. 676—706.

Besson, P., and Rowe, F. 2012. “Strategizing Information Systems-Enabled Organizational
Transformation: A Transdisciplinary Review and New Directions,” Journal of Strategic
Information Systems (21:2), pp. 103-124.

Bharadwaj, A., El Sawy, O. A, Pavlou, P. A., and Venkatraman, N. 2013. “Digital business
strategy: Toward a next generation of insights,” MIS Quarterly (37:2), pp. 471-482.

Bidmon, C. M., and Knab, S. 2014. “The Three Roles of Business Models for Socio-
Technical Transitions,” in Proceedings of XXV ISPIM Conference—Innovation for
Sustainable Economy and Society, Dublin, Ireland, pp. 1-14.

Bjorkdahl, J. 2009. “Technology Cross-Fertilization and the Business Model: The Case of
Integrating ICTs in Mechanical Engineering Products,” Research Policy (38:9), pp. 1468—
1477.

Blohm, 1., and Leimeister, J. M. 2013. “Design of IT-Based Enhancing Services for
Motivational Support and Behavioral Change,” Business & Information Systems
Engineering (5:4), pp. 275-278.

Blum, B. L. 1994. “A Taxonomy of Software Development Methods,” Communication of the
ACM (37:11), pp. 82-94.

Bocken, N., Short, S., Rana, P., and Evans, S. 2013. “A Value Mapping Tool for Sustainable
Business Modelling,” Corporate Governance (13:5), pp. 482—497.

Bohnsack, R., and Pinkse, J. 2017. “Value Propositions for Disruptive Technologies:
Reconfiguration Tactics in the Case of Electric Vehicles,” California Management Review
(59:4), pp. 79-96.

163

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



References

Bonaccorsi, A., Giannangeli, S., Rossi, C., and Rossi, C. 2006. “Entry Strategies Under
Competing Standards: Hybrid Business Models in the Open Source Software Industry,”
Management Science (52:7), pp. 1085-1098.

Bourreau, M., Gensollen, M., and Moreau, F. 2012. “The Impact of a Radical Innovation on
Business Models: Incremental Adjustments or Big Bang?,” Industry and Innovation
(19:5), pp. 415-435.

Bouwman, H., de Reuver, M., Solaimani, S., Daas, D., Haaker, T., Janssen, W., Iske, P., and
Walenkamp, B. 2012. “Business Models Tooling and a Research Agenda,” in BLED
eConference Special Issue 7, Bled, Slovenia, pp. 1-28.

Bouwman, H., Zhengjia, M., van der Duin, P., and Limonard, S. 2008. “A Business Model for
IPTV Service: A Dynamic Framework,” Emerald Group Publishing (10:3), pp. 22—-38.

Brandt, T., Wagner, S., and Neumann, D. 2012. “Road to 2020: IS-Supported Business
Models for Electric Mobility and Electrical Energy Markets,” in Proceedings of the 33™
International Conference on Information Systems, Orlando, Florida, pp. 1-10.

vom Brocke, J., Simons, A., Niehaves, B., Niehaves, B., Reimer, K., Plattfaut, R., and
Cleven, A. 2009. “Reconstructing the giant: on the importance of rigour in documenting
the literature search process,” in Proceedings of the 17" European Conference on
Information Systems, Verona, Italy, pp. 1-12.

vom Brocke, J., Watson, R. T., Dwyer, C., Elliot, S., and Melville, N. 2013. “Green
Information Systems: Directives for the IS Discipline,” Communications of the Association
for Information Systems (33:30), pp. 509-520.

Bucherer, E., Eisert, U., and Gassmann, O. 2012. “Towards Systematic Business Model
Innovation: Lessons from Product Innovation Management,” Creativity and Innovation
Management (21:2), pp. 183-198.

Bui, A., and Veit, D. 2015. “The Effects of Gamification on Driver Behavior: An Example from
a Free Float Carsharing Service,” in Proceedings of the 23™ European Conference on
Information Systems, Miinster, Germany, pp. 562-571.

Bundesverband CarSharing. 2017. “Anzahl Registrierter Carsharing-Nutzer in Deutschland in
den Jahren 2008 bis 2017,”
https://de.statista.com/statistik/daten/studie/324692/umfrage/carsharing-nutzer-in-
deutschland/, accessed 2017-09-12.

Burkhart, T., Krumeich, J., Werth, D., and Loos, P. 2011. “Analyzing the Business Model
Concept - A Comprehensive Classification of Literature,” in Proceedings of the 32™
International Conference on Information Systems, Shanghai, China, pp. 1-19.

Burns, L. D. 2013. “A Vision of Our Transport Future,” Nature (497), pp. 181-182.

Campbell, D. T., and Stanley, J. C. 1963. Experimental and Quasi-Experimental Design for
Research, Handbook of Research on Teaching, Chicago: Houghton Mifflin Company.

Carlile, P. R. 2002. “A Pragmatic View of Knowledge and Boundaries: Boundary Objects in
New Product Development,” Organization Science (13:4), pp. 442—-455.

164

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



References

Carrillo-Hermosilla, J., Pablo, D. R., and Koénnola, T. 2010. “Diversity of Eco-Innovations:
Reflections from Selected Case Studies,” Journal of Cleaner Production (18:10), pp.
1073-1083.

Casadesus-Masanell, R., and Ricart, J. E. 2011. “How to Design A Winning Business
Model,” Harvard Business Review (89:1-2), pp. 100-107.

Casadesus-Masanell, R., and Zhu, F. 2013. “Business Model Innovation and Competitive
Imitation: The Case of Sponsor-Based Business Models,” Strategic Management Journal
(34:4), pp. 464-482.

Cavalcante, S. A. 2013. “Understanding the Impact of Technology on Firms’ Business
Models,” European Journal of Innovation Management (16:3), pp. 285-300.

Cavalcante, S. A. 2014. “Preparing for Business Model Change: The ‘pre-Stage’ finding,”
Journal of Management and Governance (18:2), pp. 449-469.

Cavalcante, S., Kesting, P., and Ulhgi, J. 2011. “Business Model Dynamics and Innovation:
(Re)establishing the Missing Linkages,” Management Decision (49:8), pp. 1327-1342.

Ceschin, F., and Vezzoli, C. 2010. “The Role of Public Policy in Stimulating Radical
Environmental Impact Reduction in the Automotive Sector: The Need to Focus on
Product-Service System Innovation,” International Journal of Automotive Technology and
Management (10:2), pp. 321-341.

Chan, C. C. 2007. “The State of the Art of Electric, Hybrid, and Fuel Cell Vehicles,”
Proceedings of the IEEE (95:4), pp. 704-718.

Chen, C., Shallcross, D., Shih, Y., Wu, Y., Kuo, S., Hsu, Y., Holderby, Y., and Chou, W.
2011. “Smart Ride Share with Flexible Route Matching,” in Proceedings of the 13"
International Conference on Advanced Communication Technology, pp. 1506-1510.

Chesbrough, H. 2007. “Business Model Innovation: It's Not Just about Technology
Anymore,” Strategy & Leadership (35:6), pp. 12-17.

Chesbrough, H. 2010. “Business Model Innovation: Opportunities and Barriers,” Long Range
Planning (43:2), pp. 354-363.

Chesbrough, H., and Rosenbloom, R. S. 2002. “The Role of the Business Model in Capturing
Value from Innovation: Evidence from Xerox Corporation’s Technology Spin-off
Companies,” Industrial and Corporate Change (11:3), pp. 529-555.

Cho, K. Y., Bae, C. H,, Chu, Y., and Suh, M. W. 2006. “Overview of Telematics: A System
Architecture Approach,” International Journal of Automotive Technology (7:4), pp. 509—
517.

Christensen, C. M. 1997. The Innovator’s Dilemma, Boston: Harvard Business School Press.

Christensen, C. M. 2006. “The Ongoing Process of Building a Theory of Disruption,” Journal
of Product Innovation Management (23:1), pp. 39-55.

Clemons, E. K. 2009. “Business Models for Monetizing Internet Applications and Web Sites:
Experience, Theory, and Predictions,” Journal of Management Information Systems
(26:2), pp. 15-41.

165

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



References

Cloodt, M., Hagedoorn, J., and Van Kranenburg, H. 2006. “Mergers and Acquisitions: Their
Effect on the Innovative Performance of Companies in High-Tech Industries,” Research
Policy (35:5), pp. 642—-654.

Cohen, B., and Kietzmann, J. 2014. “Ride On! Mobility Business Models for the Sharing
Economy,” Organization & Environment (27:3), pp. 279-296.

Cohen, J. 1960. “A coefficient of agreement for nominal scales,” Educational and
Psychological Management (20:1), pp. 37-46.

Cohen, W. M., and Levin, R. C. 1989. “Empirical Studies of Innovation and Market Structure,”
Handbook of Industrial Organization (2), pp. 1059-1107.

Cohen, W. M., and Levinthal, D. A. 1990. “Absorptive Capacity: A New Perspective on
Learning and Innovation,” Administrative Science Quarterly, (35:1), pp. 128-152.

Cooper, H. M. 1982. “Scientific Guidelines for Conducting Integrative Research Reviews,”
Review of Educational Research (52:2), pp. 291-302.

Cooper, R. G. 1990. “Stage-Gate Systems: A New Tool for Managing New Products,”
Business Horizons (33:3), pp. 44-54.

Corallo, A., Passiante, G., and Prencipe, A. 2007. The Digital Business Ecosystem,
Cheltenham: Edward Elgar Publishing Limited.

Corbett, J., and Mellouli, S. 2017. “Winning the SDG Battle in Cities: How an Integrated
Information Ecosystem Can Contribute to the Achievement of the 2030 Sustainable
Development Goals,” Information Systems Journal (27:4), pp. 427-461.

Corbett, J., Webster, J., Boudreau, M.-C., and Watson, R. 2011. “Defining the Role for
Information Systems in Environmental Sustainability Measurement,” Sprouts Working
Papers on Information Systems (11:2011), pp. 1-8.

Cordeiro, J. J., and Kent Jr, D. D. 2001. “Do EVATM Adopters Outperform Their Industry
Peers? Evidence from Security Analyst Earnings Forecasts,” American Business Review
(19:2), pp. 57-63.

Cornett, M. M., Marcus, A. J., Saunders, A., and Tehranian, H. 2007. “The Impact of
Institutional Ownership on Corporate Operating Performance,” Journal of Banking &
Finance (31:6), pp. 1771-1794.

Custadio, C. 2014. “Mergers and Acquisitions Accounting and the Diversification Discount,”
The Journal of Finance (69:1), pp. 219-240.

D’Orey, P. M., and Ferreira, M. 2014. “Can Ride-Sharing Become Attractive? A Case Study
of Taxi-Sharing Employing a Simulation Modelling Approach,” Intelligent Transport
Systems (9:2), pp. 210-220.

Danneels, E. 2004. “Disruptive Technology Reconsidered: A Critique and Research
Agenda,” Journal of Product Innovation Management (21:4), pp. 246—258.

Dedrick, J. 2010. “Green IS: Concepts and Issues for Information Systems Research,”
Communications of the Association for Information Systems (27:11), pp. 173-184.

166

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



References

Dehning, B., Richardson, V. J., and Zmud, R. W. 2003. “The Value Relevance of
Announcements of Transformational Information Technology Investments,” MIS Quarterly
(27:4), pp. 637—-656.

Demil, B., and Lecocq, X. 2010. “Business Model Evolution: In Search of Dynamic
Consistency,” Long Range Planning (43:2), pp. 227—-246.

Demil, B., Lecocq, X., Ricart, J. E., and Zott, C. 2015. “Introduction to the SEJ Special Issue
on Business Models: Business Models within the Domain of Strategic Entrepreneurship,”
Strategic Entrepreneurship Journal (9:1), pp. 27-1-11.

Desyllas, P., and Hughes, A. 2010. “Do High Technology Acquirers Become More
Innovative?,” Research Policy (39), pp. 1105-1121.

Desyllas, P., and Sako, M. 2013. “Profiting from Business Model Innovation: Evidence from
Pay-As-You-Drive Auto Insurance,” Research Policy (42:1), pp. 101-116.

Dewan, S., and Ren, F. 2007. “Risk and Return of Information Technology Initiatives:
Evidence from Electronic Commerce Announcements,” Information Systems Research
(18:4), pp. 370-394.

Dhaliwal, D. S., Li, O. Z., Tsang, A., and Yang, Y. G. 2011. “Voluntary Nonfinancial
Disclosure and the Cost of Equity Capital: The Initiation of Corporate Social
Responsibility Reporting,” Accounting Review (86:1), pp. 59-100.

Dombroviak, K. M., and Ramnath, R. 2007. “A Taxonomy of Mobile and Pervasive
Applications,” in Proceedings of the 22" ACM Symposium on Applied Computing, Seoul,
Korea, pp. 1609-1615.

Doty, D. H., and Glick, W. H. 1994. “Typologies as a Unique Form of Theory Building:
Toward Improved Understanding and Modeling,” The Academy of Management Review
(19:2), pp. 230-251.

Durmusoglu, S. S., and Barczak, G. 2011. “The Use of Information Technology Tools in New
Product Development Phases: Analysis of Effects on New Product Innovativeness,
Quality, and Market Performance,” Industrial Marketing Management (40:2), pp. 321-
330.

Dyal-Chand, R. 2015. “Regulating Sharing: The Sharing Economy as an Alternative
Capitalist System,” Tulane Law Review (90:2), pp. 241-3009.

Eisenhardt, K. M. 1989. “Agency Theory: An Assessment and Review,” Academy of
Management Review (14:1), pp. 57-74.

Elliot, S. 2011. “Transdisciplinary Perspectives on Environmental Sustainability: A Resource
Base and Framework for IT-Enabled Business Transformation,” MIS Quarterly (35:1), pp.
197-236.

El Sawy, O. A., Malhotra, A., Park, Y., and Pavlou, P. A. 2010. “Research Commentary:
Seeking the Configurations of Digital Ecodynamics: It Takes Three to Tango,” Information
Systems Research (21:4), pp. 835-848.

El Sawy, O. A., and Pereira, F. 2013. Business Modelling in the Dynamic Digital Space,
Heidelberg: Springer.

167

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



References

Farbey, B. D., Land, F. P., and Targett, D. P. 1995. “A Taxonomy of Information Systems
Applications: The Benefits Ladder,” European Journal of Information Systems (4:1), pp.
41-50.

Feng, C. M. 2014. “New Prospects of Transportation Mobility,” International Association of
Traffic and Safety Sciences Research (38:1), pp. 22—-26.

Ferreira, J. C., Filipe, P., and Member, A. S. 2011. “Multi-Modal Transportation Advisor
System,” in IEEE Forum on Integrated and Sustainable Transportation Systems, Austria,
pp. 388—393.

Fichman, R. G., Dos Santos, B. L., and Zheng, Z. 2014. “Digital Innovation as a Fundamental
and Powerful Concept in the Information Systems Curriculum,” MIS Quarterly (38:2), pp.
329-353.

Firnkorn, J., and Mduller, M. 2011. “What Will Be the Environmental Effects of New Free-
Floating Car-Sharing Systems? The Case of car2go in Ulm,” Ecological Economics
(70:8), pp. 1519-1528.

Flynn, B. B., Sakakibara, S. S., Schroeder, R. G., Bates, K. A., and Flynn, E. J. 1990.
“‘Empirical Research Methods in Operations Management,” Journal of Operations
Management (9:2), pp. 250—284.

Fowler, K. L., and Schmidt, D. R. 1988. “Tender offers, acquisitions, and subsequent
performance in manufacturing firms,” The Academy of Management Review (31:4), pp.
962-974.

Gabirielli, S., Forbes, P., Jylha, A., Wells, S., Sirén, M., Hemminki, S., Nurmi, P., Maimone,
R., Masthoff, J., and Jacucci, G. 2014. “Design Challenges in Motivating Change for
Sustainable Urban Mobility,” Computers in Human Behavior (41), pp. 416-423.

Gao, L. S., and lyer, B. 2006. “Analyzing Complementarities Using Software Stacks for
Software Industry Acquisitions,” Journal of Management Information Systems (23:2), pp.
119-147.

Gartner. 2012. “Innovation Insight: The Connected Vehicle Will Dominate Automotive and
Mobility Innovations,” Report.

Gassmann, O., Zeschky, M., Wolff, T., and Stahl, M. 2010. “Crossing the Industry-Line:
Breakthrough Innovation through Cross-Industry Alliances with ‘Non-Suppliers,” Long
Range Planning (43:5-6), pp. 639-654.

Gawer, A. 2009. Platforms, Markets and Innovation, Cheltenham, UK and Northampton, US:
Edward Elga.

Geels, F. W. 2002. “Technological Transitions as Evolutionary Reconfiguration Processes: A
Multi-Level Perspective and a Case-Study,” Research Policy (31:8-9), pp. 1257-1274.

Geels, F. W. 2004. “From Sectoral Systems of Innovation to Socio-Technical Systems

Insights about Dynamics and Change from Sociology and Institutional Theory,” Research
Policy (33:6-7), pp. 897-920.

168

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



References

Geels, F. W. 2005. “The Dynamics of Transitions in Socio-Technical Systems: A Multi-Level
Analysis of the Transition Pathway from Horse-Drawn Carriages to Automobiles (1860—
1930),” Technology Analysis & Strategic Management (17:4), pp. 445-476.

Geels, F. W. 2010. “Ontologies, Socio-Technical Transitions (to Sustainability), and the Multi-
Level Perspective,” Research Policy (39:4), pp. 495-510.

Geels, F. W. 2012. “A Socio-Technical Analysis of Low-Carbon Transitions: Introducing the
Multi-Level Perspective into Transport Studies,” Journal of Transport Geography (24), pp.
1-12.

Geels, F. W., and Kemp, R. 2006. Transitions, Transformations and Reproduction: Dynamics
in Socio-Technical Systems, in Flexibility and stability in the innovating economy, M.
McKelvey, and M. Holmén, Oxford: Oxford University Press, p. 227-256.

Gerloff, C., and Cleophas, C. 2017. “Excavating the Treasure of loT Data: An Architecture to
Empower Rapid Data Analytics for Predictive Maintenance of Connected Vehicles,” in
Proceedings of 38" International Conference on Information Systems, Seoul, South
Korea, pp. 1-21.

Giessmann, A., and Stanoevska, K. 2012. “Platform as a Service — A Conjoint Study on
Consumers’ Preferences,” in Proceedings of the 33™ International Conference on
Information Systems, Orlando, Florida, pp. 1-20.

Glass, R. L., and Vessey, |. 1995. “Contemporary Application Domain Taxonomies,” IEEE
Software (12:4), pp. 63-76.

Govindarajan, V., and Kopalle, P. K. 2006. “Disruptiveness of Innovations: Measurement and
an Assessment of Reliability and Validity,” Strategic Management Journal (23:1), pp. 12—
18.

Gregor, S. 2006. “The nature of theory in information systems,” MIS Quarterly (30:3), pp.
611-642.

Gregor, S., and Hevner, A. R. 2013. “Positioning and presenting design science research for
maximum impact,” MIS Quarterly (37:2), pp. 337—355.

Gregory, R. W., Ruch, T. J., Kaganer, E. A., and Henfridsson, O. 2014. “Toward Everyone’s
IT: A Study of Consumerization at GlobalBankCorp,” in Academy of Management
Proceedings.

Griliches, Z. 1984. “Introduction,” in R&D, Patents and Productivity, Z. Griliches, (eds.),
Chicago, IL: University of Chicago Press.

Griliches, Z. 1990. “Patent Statistics as Economic Indicators: A Survey,” Journal of Economic
Literature (28:4), pp. 1661-1707.

Grover, V., and Lyytinen, K. 2015. “New State of Play in Information Systems Research: The
Push to the Edges,” MIS Quarterly (39:2), pp. 271-296.

Gudmundsson, H. 2003. “Making Concepts Matter: Sustainable Mobility and Indicator
Systems in Transport Policy,” International Social Science Journal (55:176), pp. 199-217.

Guilemette, M. G., and Paré, G. 2012. “Toward a new theory of the contribution of the IT
function in organizations,” MIS Quarterly (36:2), pp. 529-551.

169

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



References

Gunzel, F., and Holm, A. B. 2013. “One Size Does Not Fit All - Understanding the Front-End
and Back-End of Business Model Innovation,” International Journal of Innovation
Management (17:1), pp. 1-34.

Hagman, J., Ritzén, S., Stier, J. J., and Susilo, Y. 2016. “Total Cost of Ownership and Its
Potential Implications for Battery Electric Vehicle Diffusion,” Research in Transportation
Business & Management (18), pp. 11-17.

Haleblian, J., and Finkelstein, S. 1999. “The Influence of Organizational Acquisition
Experience on Acquisition Performance: A Behavioral Learning Perspective,”
Administrative Science Quarterly (44:1), pp. 29-56.

Hall, J., and Wagner, M. 2012. “Integrating Sustainability into Firms’ Processes: Performance
Effects and the Moderating Role of Business Models and Innovation,” Business Strategy
and the Environment (21:3), pp. 183-196.

Hanelt, A. 2016. Managing the Digital Transformation of Business Models — An Incumbent
Firm Perspective, PhD Thesis. Georg-August-Universitat Goéttingen.

Hanelt, A., Hildebrandt, B., and Polier, J. 2015a. “Uncovering the Role of Is in Business
Model Innovation — A Taxonomy-Driven Approach To Structure the Field,” in Proceedings
of the 23" European Conference on Information Systems, Miinster, Germany, pp. 1-18.

Hanelt, A., Piccinini, E., Gregory, R. W., Hildebrandt, B., and Kolbe, L. M. 2015b. “Digital
Transformation of Primarily Physical Industries — Exploring the Impact of Digital Trends
on Business Models of Automobile Manufacturers,” in Proceedings of the 12"
International Conference on Wirtschaftsinformatik, Osnabrick, Germany, pp. 1313-1327.

Harms, S., and Truffer, B. 1998. “The Emergence of a Nation-Wide Carsharing Co-Operative
in Switzerland,” Report.

Harrison, G. W., and List, J. A. 2004. “Field Experiments,” Journal of Economic Literature
(42:4), pp. 1009-1055.

Haspeslagh, P. C., and Jemison, D. B. 1991. Managing Acquisitions: Creating Value through
Corporate Renewal, New York: Free Press.

Haushalter, D., Klasa, S., and Maxwell, W. F. 2007. “The Influence of Product Market
Dynamics on a Firm’s Cash Holdings and Hedging Behavior,” Journal of Financial
Economics (84:3), pp. 797-825.

Hawkins, R., and Ballon, P. 2007. “When Standards Become Business Models:
Reinterpreting failure’ in the Standardization Paradigm,” Emerald Group Publishing (9:5),
pp. 20-30.

Heath, Y., and Gifford, R. 2002. “Extending the Theory of Planned Behavior: Predicting the
Use of Public Transportation,” Journal of Applied Social Psychology (32:10), pp. 2154—
2189.

Hedman, J., and Kalling, T. 2003. “The Business Model Concept: Theoretical Underpinnings
and Empirical lllustrations,” European Journal of Information Systems (12:1), pp. 49-59.

170

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



References

Henderson, R., and Cockburn, I. 1996. “Scale, Scope, and Spillovers: The Determinants of
Research Productivity in Drug Discovery,” The RAND Journal of Economics (27:1), pp.
32-509.

Henfridsson, O., and Lindgren, R. 2005. “Multi-Contextuality in Ubiquitous Computing:
Investigating the Car Case through Action Research,” Information and Organization
(15:2), pp. 95-124.

Henfridsson, O., Mathiassen, L., and Svahn, F. 2009. “Reconfiguring Modularity: Closing
Capability Gaps in Digital Innovation,” Sprouts: Working Papers on Information Systems
(9:22), pp. 1-31.

Hess, T., Legner, C., Esswein, W., Maal3, W., Matt, C., Osterle, H., Schlieter, H., Richter, P.,
and Zarnekow, R. 2014. “Digital Life as a Topic of Business and Information Systems
Engineering?,” Business and Information Systems Engineering (6:4), pp. 247-253.

Hevner, A. R., March, S. T., Park, J., and Ram, S. 2004. “Design science in information
systems research,” MIS Quarterly (28:1), pp. 75-105.

Hildebrandt, B., Hanelt, A., Piccinini, E., Kolbe, L., and Nierobisch, T. 2015. “The Value of IS
in Business Model Innovation for Sustainable Mobility Services - The Case of
Carsharing,” in Proceedings of the 12" International Conference on Wirtschaftsinformatik,
Osnabrtick, Germany, pp. 1008-1022.

Hill, A. R. 2013. “The CBC System for Choice-Based Conjoint Analysis,” Sawtooth Software
Research Paper Series.

Hilpert, H., Schumann, M. P. D., and Kranz, J. P. D. 2013. “Leveraging Green IS in Logistics
Developing an Artifact for Greenhouse Gas Emission Tracking,” Business & Information
Systems Engineering (5:5), pp. 313-323.

Hodson, M., and Marvin, S. 2010. “Can Cities Shape Socio-Technical Transitions and How
Would We Know If They Were?,” Research Policy (39:4), pp. 477-485.

Hong, Y., Wang, C., and Pavlou, P. A. 2016. “Comparing Open and Sealed Bid Auctions:
Evidence from Online Labor Markets,” Information Systems Research (27:1), pp. 49-69.

Hudson, L. A., and Ozanne, J. L. 1988. “Alternative Ways of Seeking Knowledge”, Consumer
Research (14:4), pp. 508-521.

Hylving, L., Henfridsson, O., and Selander, L. 2012. “The Role of Dominant Design in a
Product Developing Firm’s Digital Innovation,” Journal of Information Technology Theory
and Application (13:2), pp. 5-21.

Hylving, L., and Schultze, U. 2013. “Evolving the Modular Layered Architecture in Digital
Innovation: The Case of the Car’s Instrument Cluster,” in Proceedings of the 34"
International Conference on Information Systems, Milan, Italy, pp. 1-17.

Hylving, L., and Selander, L. 2012. “Under the Guise of Openness: Exploring Digital
Innovation in User Interface Design,” in Proceedings of the 33" International Conference
on Information Systems, Orlando, Florida, pp. 1-13.

Johnson, M. W. 2010. Seizing the White Space: Business Model Innovation for Growth and
Renewal, Boston, Massachusetts: Harvard Business Press.

171

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



References

Johnson, R. M. 1974. “Trade-Off Analysis of Consumer Values,” Journal of Marketing
Research (11:2), pp. 121-127.

Jonsson, K., Westergren, U. H., and Holmstrém, J. 2008. “Technologies for Value Creation:
An Exploration of Remote Diagnostics Systems in the Manufacturing Industry,”
Information Systems Journal (18), pp. 227-245.

Juliussen, E. 2003. “The Future of Automotive Telematics,” Business Briefing: Global
Automotive Manufacturing & Technology, pp. 1-4.

Junglas, 1., and Watson, R. T. 2006. “The U-Constructs: Four Information Drives,”
Communications of the Association for Information Systems (17:26), pp. 569-592.

Juntunen, A., Luukkainen, S., and Tuunainen, V. K. 2010. “Deploying NFC Technology for
Mobile Ticketing Services — Identification of Critical Business Model Issues,” in
Proceedings of the 2010 International Conference on Mobile Business, pp. 82—-90.

Kallinikos, J., Aaltonen, A., and Marton, A. 2013. “The Ambivalent Ontology of Digital
Artifacts,” MIS Quarterly (37:2), pp. 357-370.

Kamoun, F. 2008. “Rethinking the Business Model with RFID,” Communications of the
Association for Information Systems (22:35), pp. 635-658.

Kandel, E., Massa, M., and Simonov, A. 2011. “Do Small Shareholders Count?,” Journal of
Financial Economics (101:3), pp. 641-665.

Karimi, J., and Walter, Z. 2015. “The Role of Dynamic Capabilities in Responding to Digital
Disruption: A Factor-Based Study of the Newspaper Industry,” Journal of Management
Information Systems (32:1), pp. 39-81.

Kathan, W., Matzler, K., and Veider, V. 2016. “The Sharing Economy: Your Business Model’s
Friend or Foe?,” Business Horizons (59:6), pp. 663—672.

Kathuria, A., Fontaine, A., and Prietula, M. J. 2011. “Acquiring IT Competencies through
Focused Technology Acquisitions,” in Proceedings of the 32" International Conference
on Information Systems, Shanghai, China, pp. 1-20.

Katila, R., and Ahuja, G. 2002. “Something Old, Something New: a Longitudinal Study of
Search Behavior and New Product Introduction,” Academy of Management Journal
(45:6), pp. 1183-1194.

Katzev, R. 2003. “Car Sharing: A New Approach to Urban Transportation Problems,”
Analyses of Social Issues and Public Policy (3:1), pp. 65-86.

Keller, A., and Husig, S. 2009. “Ex Ante ldentification of Disruptive Innovations in the
Software Industry Applied to Web Applications: The Case of Microsoft's Vs. Google’s
Office Applications,” Technological Forecasting & Social Change (76:8), pp. 1044-1054.

Kesting, A., Treiber, M., Schénhof, M., and Helbing, D. 2008. “Adaptive Cruise Control
Design for Active Congestion Avoidance,” Transportation Research Part C (16:6), pp.
668—683.

Kijl, B., and Boersma, D. 2010. “An Engineering Approach to Business Model

Experimentation — An Online Investment Research Startup Case Study,” in Proceedings
of the 18" Annual High Technology Small Firms Conference, pp. 1-15.

172

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



References

Kim, J. J., Haleblian, J., and Finkelstein, S. 2011. “When Firms Are Desperate to Grow via
Acquisition: The Effect of Growth Patterns and Acquisition Experience on Acquisition
Premiums,” Administrative Science Quarterly (56:1), pp. 26—60.

King, J. L., and Lyytinen, K. 2004. “Automotive Informatics: Information Technology and
Enterprise Transformation in the Automobile Industry,” in Transforming Enterprise: The
Economic and Social Implications of Information Technology, W. H. Dutton, B. Kahin, R.
O’Callaghan, and A. Wycoff (eds.), Cambridge: MIT Press, pp. 283-333.

Kleis, L., Chwelos, P., Ramirez, R. V., and Cockburn, I. 2012. “Information Technology and
Intangible Output: The Impact of IT Investment on Innovation Productivity,” Information
Systems Journal (23:1), pp. 42-59.

Kley, F., Lerch, C., and Dallinger, D. 2011. “New Business Models for Electric Cars — A
Holistic Approach,” Energy Policy (39), pp. 3392—-3403.

Knackstedt, R., and Winkelmann, A. 2006. “ Online-Literaturdatenbanken im Bereich der
Wirtschaftsinformatik: Bereitstellung wissenschaftlicher Literatur und Analyse von
Interaktionen der Wissensteilung,” Wirtschaftsinformatik (48:1), pp. 47-59.

Kdhler, J., Whitmarsh, L., Nykvist, B., Schilperoord, M., Bergman, N., and Haxeltine, A. 2009.
“A Transitions Model for Sustainable Mobility,” Ecological Economics (68:12), pp. 2985—
2995.

Kossahl, J., Busse, S., and Kolbe, L. M. 2012. “The Evolvement of Energy Informatics in the
Information Systems Community: A Literature Analysis and Research Agenda,” in
Proceedings of the 20" European Conference on Information Systems, Barcelona, Spain,
pp. 1-12.

KPMG. 2014. “KPMG’s Global Automotive Executive Survey 2014,” Report.

Kranz, J. J., Hanelt, A., and Kolbe, L. M. 2016. “Understanding the Influence of Absorptive
Capacity and Ambidexterity on the Process of Business Model Change - the Case of
Onpremise and Cloud-Computing Software,” Information Systems Journal (26:5), pp.
477-517.

Krasnova, H., Hildebrand, T., and Guenther, O. 2009. “Investigating the Value of Privacy in
Online Social Networks: Conjoint Analysis,” in Proceedings of the 30™ International
Conference on Information Systems, Phoenix, Arizona, pp. 1-18.

Krip, H., Hanelt, A.,, and Kolbe, L. M. 2013. “Sustainable IS Research in Developed
Countries - A Chance for Sub-Saharan Africa?,” in Proceedings of the 21* European
Conference on Information Systems, Utrecht, Netherlands, pp. 1-7.

Kuechler, W., and Vaishnavi, V. 2008. “On Theory Development in Design Science
Research: Anatomy of a Research Project,” European Journal of Information Systems
(17:5), pp. 489-504.

Kuschel, J., and Dahlbom, B. 2007. “Mobile Services for Vehicles,” in Proceedings of the 15"
European Conference on Information Systems, St. Gallen, Switzerland, pp. 1863-1874.

173

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



References

Kuzmanovic, M., Martic, M., Vujosevic, M., and Panic, B. 2011. “Construction of Efficient
Conjoint Experimental Designs Using MCON Procedure,” International Journal of
Physical Science (6:24), pp. 5659-5670.

Lambe, C. J., and Spekman, R. E. 1997. “Alliances, External Technology Acquisition, and
Discontinuous Technological Change,” Journal of Product Innovation Management
(14:2), pp. 102-116.

Lane, P. J., Koka, B. R., and Pathak, S. 2006. “The Reification of Absorptive Capacity: A
Critical Review and Rejuvenatino of the Construct,” Academy of Management Review
(31:4), pp. 833-863.

Lee, J., Nah, J., Park, Y., and Sugumaran, V. 2011. “Electric Car Sharing Service Using
Mobile Technology,” in Proceedings of the 2011 International Conference on Information
Resources Management, pp. 1-7.

Leem, C. S, Suh, H. S., and Kim, D. S. 2004. “A Classification of Mobile Business Models
and Its Applications,” Industrial Management & Data Systems (104:1), pp. 78-87.

Leismann, K., Schmitt, M., Rohn, H., and Baedeker, C. 2013. “Collaborative Consumption:
Towards a Resource-Saving Consumption Culture,” Resources (2), pp. 184-203.

Lenfle, S., and Midler, C. 2009. “The Launch of Innovative Product-Related Services:
Lessons from Automotive Telematics,” Research Policy (38:1), pp. 156-169.

Lepak, D. P., Smith, K. G., and Taylor, M. S. 2007. “Value Creation and Value Capture: A
Multilevel Perspective,” Academy of Management Review (32:1), pp. 180-194.

Li, F., Minnis, M., Nagar, V., and Rajan, M. 2014. “Knowledge, Compensation, and Firm
Value: An Empirical Analysis of Firm Communication,” Journal of Accounting and
Economics (58:1), pp. 96—-116.

Liang, K.-Y., and Zeger, S. L. 1986. “Longitudinal Data Analysis Using Generalized Linear
Models,” Biometrika (73:1), pp. 13—-22.

Lin, L.-H. 2009. “Mergers and Acquisitions, Alliances and Technology Development: An
Empirical Study of the Global Auto Industry,” International Journal Technology
Management (48:3), pp. 295-306.

Loebbecke, C., and Picot, A. 2015. “Reflections on Societal and Business Model
Transformation Arising from Digitization and Big Data Analytics: A Research Agenda,”
Journal of Strategic Information Systems (24:3), pp. 149-157.

Loock, C.-M., Staake, T., and Thiesse, F. 2013. “Motivating Energy-Efficient Behavior with
Green IS: An Investigation of Goal Setting and the Role of Defaults,” MIS Quarterly
(37:4), pp. 1313-1332.

Lovelock, C., and Gummesson, E. 2004. “Whither Services Marketing?,” Journal of Service
Research (7:1), pp. 20-41.

Lucas, H. C., Agarwal, R., Clemons, E. K., EL Sawy, O. A., and Weber, B. 2013. “Impactful
Research on Transformational Information Technology: An Opportunity to Inform New
Audiences,” MIS Quarterly (37:2), pp. 371-382.

174

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



References

Lucas, H. C., and Goh, J. M. 2009. “Disruptive Technology: How Kodak Missed the Digital
Photography Revolution,” Journal of Strategic Information Systems (18:1), pp. 46-55.

Lue, A., Colorni, A., Nocerino, R., and Paruscio, V. 2012. “Green Move: An Innovative
Electric Vehicle-Sharing System,” in Procedia - Social and Behavioral Sciences (48), pp.
2978-2987.

Lusch, R. F., and Nambisan, S. 2015. “Service innovation: a service-dominant logic
perspective,” MIS Quarterly (39:1), pp. 155-175.

Lyytinen, K., and Rose, G. M. 2003. “The disruptive nature of information technology
innovations: the case of internet computing in systems development organizations,” MIS
Quarterly (27:4), pp. 557-595.

Lyytinen, K., and Yoo, Y. 2002. “Research Commentary: The Next Ware of Nomadic
Computing,” Information Systems Research (13:4), pp. 377-388.

Lyytinen, K., Yoo, Y., Varshney, U., Ackerman, M., Davis, G., Avital, M., Robey, D., Sawyer,
S., and Sorensen, C. 2004. “Surfing the Next Wave: Design and Implementation
Challenges of Ubiquitous Computing Environments,” Communications of the Assaociation
for Information Systems (13:1), pp. 697-716.

Majchrzak, A., Markus, L. M., and Wareham, J. 2016. “Designing for Digital Transformation:
Lessons for Information Systems Research from the Study of ICT and Societal
Challenges,” MIS Quarterly (40:2), pp. 267-277.

Makri, M., Hitt, M. A., and Lane, P. J. 2010. “Complementary Technologies, Knowledge
Relatedness, and Invention Outcomes in High Technology Mergers and Acquisitions,”
Strategic Management Journal (31:6), pp. 602—628.

De Man, A.-P., and Duysters, G. 2005. “Collaboration and Innovation: A Review of the
Effects of Mergers, Acquisitions and Alliances on Innovation,” Technovation (25:12), pp.
1377-1387.

Markides, C. 2006. “Disruptive Innovation: In Need of Better Theory,” Journal of Product
Innovation Management (23:1), pp. 19-25.

Martin, C. J. 2016. “The Sharing Economy: A Pathway to Sustainability or a Nightmarish
Form of Neoliberal Capitalism?,” Ecological Economics (121), pp. 149-159.

Martin, E., Shaheen, S. A., and Lidicker, J. 2010. “Impact of Carsharing on Household
Vehicle Holdings,” Transportation Research Record: Journal of the Transportation
Research Board (2143), pp. 150-158.

Matt, C., Hess, T., and Benlian, A. 2015. “Digital Transformation Strategies,” Business and
Information Systems Engineering (57:5), pp. 339-343.

McGrath, R. G. 2010. “Business Models: A Discovery Driven Approach,” Long Range
Planning (43:2-3), pp. 247-261.

McKinsey. 2013. “The Road to 2020 and beyond: What's Driving the Global Automotive
Industry?,” Report.

McKinsey. 2015. “Urban Mobility at a Tipping Point,” Report.

175

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



References

McKinsey, and Bloomberg. 2016. “An Integrated Perspective on the Future of Mobility,”
Report.

Melville, N., Kraemer, K., and Gurbaxani, V. 2004. “Information Technology and
Organizational Performance: An Integrative Model of IT Business Value,” MIS Quarterly
(28:2), pp. 283-322.

Melville, N. P. 2010. “Information Systems Innovation for Environmental Sustainability,” MIS
Quarterly (34:1), pp. 1-21.

Merali, Y., Papadopoulos, T., and Nadkarni, T. 2012. “Information Systems Strategy: Past,
Present, Future?,” Journal of Strategic Information Systems (21:2), pp. 125-153.

Miao, L., and Wei, W. 2013. “Consumers’ pro-Environmental Behavior and the Underlying
Motivations: A Comparison between Household and Hotel Settings,” International Journal
of Hospitality Management (32:1), pp. 102-112.

Miranda, S., Summers, J., and Kim, |. 2012. “Visions of Social Media: Surfacing Schemas
from Firms’ Informational Engagements,” in Proceedings of the 33™ International
Conference on Information Systems, Orlando, Florida, pp. 1-21.

Mitchell, W. J., Borroni-Bird, C., and Burns, L. D. 2010. Reinventing the Automobile:
Personal Urban Mobility for the 21st Century, (1% ed.), Cambridge: The MIT Press.

Moeller, S. B., Schlingemann, F. P., and Stulz, R. M. 2004. “Firm Size and the Gains from
Acquisitions,” Journal of Financial Economics (73:2), pp. 201-228.

Murmann, J. P., and Frenken, K. 2006. “Toward a Systematic Framework for Research on
Dominant Designs, Technological Innovations, and Industrial Change,” Research Policy
(35:7), pp. 925-952.

Murphy, J. J., and Delucchi, M. A. 1998. “A Review of the Literature on the Social Cost of
Motor Vehicle Use in the United States,” Journal of Transportation and Statistics (1:1),
pp. 15-42.

Nambisan, S. 2013. “Information Technology and Product / Service Innovation: A Brief
Assessment and Some Suggestions for Future Research,” Journal of the Association for
Information Systems (14:4), pp. 215-226.

Nambisan, S., Lyytinen, K., Majchrzak, A., and Song, M. 2017. “Digital Innovation
Management: Reinventing Innovation Management Research in a Digital World,” MIS
Quarterly (41:1), pp. 223-238.

Nasrudin, N., Rostam, K., and Noor, H. M. 2014. “Barriers and Motivations for Sustainable
Travel Behaviour: Shah Alam Residents’ Perspectives,” in Procedia - Social and
Behavioral Sciences (153), pp. 510-519.

Nemeth, A. 2011. Geschéaftsmodellinnovation — Theorie Und Praxis Der Erfolgreichen
Realisierung von Strategischen Innovationen in GrofRunternehmen, PhD Thesis.
University of St. Gallen.

Nickerson, R. C., Muntermann, J., and Varshney, U. 2010. “Taxonomy Development in
Information Systems: A Literature Survey and Problem Statement,” in Proceedings of the
16" Americas Conference on Information Systems, Lima, Peru, pp. 1-11.

176

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



References

Nickerson, R. C., Varshney, U., and Muntermann, J. 2013. “A Method for Taxonomy
Development and Its Application in Information Systems,” European Journal of
Information Systems (22:3), pp. 336—359.

Nill, J., and Kemp, R. 2009. “Evolutionary Approaches for Sustainable Innovation Policies:
From Niche to Paradigm?,” Research Policy (38:4), pp. 668—680.

Nykvist, B., and Whitmarsh, L. 2008. “A Multi-Level Analysis of Sustainable Mobility
Transitions: Niche Development in the UK and Sweden,” Technological Forecasting and
Social Change (75:9), pp. 1373-1387.

Oica. 2001. “World Motor Vehicle Production by Manufacturer - World Ranking 2000,”
http://www.oica.net/wp-content/uploads/2007/06/worldranking2000.pdf, accessed 2017-
07-10.

Oica. 2017. “PC WORLD VEHICLES IN USE,” http://www.oica.net/wp-
content/uploads//PC_Vehicles-in-use.pdf, accessed 2017-08-31.

Oliva, R., and Kallenberg, R. 2003. “Managing the Transition from Products to Services,”
International Journal of Service Industry Management (14:2), pp. 160-172.

Orlikowski, W. J., and Baroudi, J. J. 1991. “Studying Information Technology in Organization:
Research Approaches and Assumptions,” Information System Research (2:1), pp. 1-14.

Orme, B. 2002. “Formulating Attributes and Levels in Conjoint Analysis,” Sawtooth Software
Research Paper Series.

Orme, B. K. 2009. “Which Conjoint Method Should | Use?,” Sawtooth Software Research
Paper Series.

Osterwalder, A., Pigneur, Y., and Tucci, C. L. 2005. “Clarifying Business Models: Origins,
Present, and Future of the Concept,” Communications of the Association for Information
Systems (16:1), pp. 1-25.

Pagani, M. 2013. “Digital Business Strategy and Value Creation: Framing the Dynamic Cycle
of Control Points,” MIS Quarterly (37:2), pp. 617-632.

Parkhurst, G., Kemp, R., Dijk, M., and Sherwin, H. 2012. “Intermodal Personal Mobility: A
Niche Caught between Two Regimes,” in Automobility in Transition? A Socio-Technical
Analysis of Sustainable Transport, F. W. Geels, R.Kemp, G. Dudley and G. Lyons (eds.),
New York: Routledge, pp. 308-334.

Pateli, A. G., and Giaglis, G. M. 2005. “Technology Innovation-Induced Business Model
Change: A Contingency Approach,” Journal of Organizational Change (18:2), pp. 167—
183.

Pauleen, D. J., Evaristo, R., Davison, R. M., Soon, A., Alanis, M., and Klein, S. 2006.
“Cultural bias in information systems research and practice: are you coming from the
same place | am?,” Communications of the Association for Information Systems (17:1),
pp. 2-36.

Pavlou, P. A., Liang, H., and Xue, Y. 2007. “Understanding and Mitigating Uncertainty in

Online Exchange Relationships: A Principal-Agent Perspective,” MIS Quarterly (31:1), pp.
105-136.

177

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



References

Piccinini, E. 2016. Digital Transformation of Business - Understanding This Phenomenon in
the Context of the Automotive Industry, PhD Thesis. Georg-August-Universitat Gottingen.

Piccinini, E., Gregory, R. W., Hanelt, A., and Kolbe, L. M. 2015a. “Transforming Industrial
Business: The Impact of Digital Transformation on Automotive Organizations,” in
Proceedings of the 36" International Conference on Information Systems, Fort Worth,
Texas, pp. 1-20.

Piccinini, E., Gregory, R. W., and Kolbe, L. M. 2015b. “Changes in the Producer-Consumer
Relationship —Towards Digital Transformation,” in Proceedings of the 12" International
Conference on Wirtschaftsinformatik, Osnabrick, Germany, pp. 1634—1648.

Porter, M. E., and Heppelmann, J. E. 2014. “How Smart Connected Products Are
Transforming Competition,” Harvard Business Review (92:11), pp. 64—-88.

Prabhu, J. C., Chandy, R. K., and Ellis, M. E. 2005. “The Impact of Acquisitions on
Innovation: Poison Pill, Placebo, or Tonic?,” Journal of Marketing (69:1), pp. 114-130.

Prettenthaler, F. E., and Steininger, K. W. 1999. “From Ownership to Service Use Lifestyle:
The Potential of Car Sharing,” Ecological Economics (28:3), pp. 443—-453.

Priem, R. L., Butler, J. E., and Li, S. 2013. “Toward reimagining strategy research:
retrospection and prospection on the 2011 AMR decade award article,” Academy of
Management Review (38:4), pp. 471-489.

Rai, A., and Tang, X. 2014. “Research Commentary-Information Technology-Enabled
Business Models: A Conceptual Framework and a Coevolution Perspective for Future
Research,” Information Systems Research (25:1), pp. 1-14.

Raisch, S., Birkinshaw, J., Probst, G., and Tushman, M. L. 2009. “Organizational
Ambidexterity: Balancing Exploitation and Exploration for Sustained Performance,”
Organization Science (20:4), pp. 685-695.

Rappa, M. A. 2004. “The Utility Business Model and the Future of Computing Services,” IBM
Systems Journal (43:1), pp. 32-42.

Remane, G. 2017. Digital Business Models in the Mobility Sector: Using Components and
Types to Understand Existing and Design New Business Models, PhD Thesis. Georg-
August-Universitat Gottingen.

Remane, G., Hanelt, A., Hildebrandt, B., and Kolbe, L. M. 2016a. “Changes in Digital
Business Model Types — A Longitudinal Study of Technology Startups from the Mobility
Sector,” in Proceedings of the 22™ Americas Conference on Information Systems, San
Diego, California, pp. 1-10.

Remane, G., Hanelt, A., Nickerson, R. C., Tesch, J. F., and Kolbe, L. M. 2016b. “A
Taxonomy of Carsharing Business Models,” in Proceedings of 37" International
Conference on Information Systems, Dublin, Ireland, pp. 1-19.

Remane, G., Hildebrandt, B., Hanelt, A., and Kolbe, L. M. 2016c. “Discovering New Digital
Business Model Types — A Study of Technology Startups from the Mobility Sector,” in
Proceedings of the 20" Pacific Asia Conference on Information Systems, Chiayi, Taiwan,
pp. 1-17.

178

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



References

Rickenberg, T. A. A., Gebhardt, A., and Breitner, M. H. 2013. “A Decision Support System for
the Optimization of Car Sharing Stations,” in Proceedings of the 21% European
Conference on Information Systems, Utrecht, Netherlands, pp. 1-12.

Roberts, N., Galluch, P. S., Dinger, M., and Grover, V. 2012. “Absorptive Capacity and
Information Systems Research: Review, Synthesis, and Directions for Future Research,”
MIS Quarterly (36:2), pp. 625—-648.

Roland Berger. 2015. “The Digital Transformation of Industry,” Report.

Salon, D., Sperling, D., Shaheen, S., and Sturges, D. 2000. “New Mobility - Using
Technology and Partnerships To Create More Efficient, Equitable, and Environmentally
Sound Transportation,” in Committee on New Transportation Systems and Technology,
pp. 1-9.

Samaras, C., and Meisterling, K. 2008. “Life Cycle Assessment of Greenhouse Gas
Emissions from Plug-in Hybrid Vehicles: Implications for Policy,” Environmental Science
& Technology (42:9), pp. 3170-3176.

Sambamurthy, V., Bharadwaj, A., and Grover, V. 2003. “Shaping Agility Through Digital
Options: Reconceptualizing the Role of Information Technology in Contemporary Firms,”
MIS Quarterly (27:2), pp. 237-263.

Sandstrom, C., and Bjork, J. 2010. “ldea Management Systems for a Changing Innovation
Landscape,” International Journal of Product Development (11:3), pp. 310-324.

Sappington, D. E. M. 1991. “Incentives in Principal-Agent Relationships,” The Journal of
Economic Perspectives (5:2), pp. 45—66.

Saraf, N., Liang, H., Xue, Y., and Hu, Q. 2013. “How Does Organisational Absorptive
Capacity Matter in the Assimilation of Enterprise Information Systems?,” Information
Systems Journal (23:3), pp. 245-267.

Schall, D. L., and Mohnen, A. 2015. “Incentives for Energy-Efficient Behavior at the
Workplace: A Natural Field Experiment on Eco-Driving in a Company Fleet,” Energy
Procedia (75), pp. 2626—-2634.

Schall, D. L., Wolf, M., and Mohnen, A. 2016. “Do Effects of Theoretical Training and
Rewards for Energy-Efficient Behavior Persist over Time and Interact? A Natural Field
Experiment on Eco-Driving in a Company Fleet,” Energy Policy (97), pp. 291-300.

Schaltegger, S., Lideke-Freund, F., and Hansen, E. G. 2012. “Business Cases for
Sustainability: The Role of Business Model Innovation for Corporate Sustainability,”
International Journal Innovation and Sustainable Development (6:2), pp. 95-119.

Schein, E. H. 1992. “The Role of the CEO in the Management of Change: The Case of
Information Technology,” in Transforming Organizations, T. A. Kochan and M. Useem
(eds.), Oxford: Oxford University Press, pp. 325-345.

Schieg, M. 2008. “Strategies for Avoiding Asymmetric Information in Construction Project
Management,” Journal of Business Economics and Management (9:1), pp. 47-51.

179

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



References

Schmidt, J., Hildebrandt, B., Eisel, M., and Kolbe, L. 2015. “Applying Demand Response
Programs for Electric Vehicle Fleets,” in Proceedings of the 21%' Americas Conference on
Information Systems, Fajardo, Puerto Rico, pp. 1-13.

Schneider, S., and Spieth, P. 2013. “Business Model Innovation: Towards an Integrated
Future Research Agenda,” International Journal of Innovation Management (17:1), pp. 1—
34.

Schumpeter, J. A. 1934. The Theory of Economic Development, Cambridge, Massachusetts:
Harvard University Press.

Schuster, T. D., Byrne, J., Corbett, J., and Schreuder, Y. 2005. “Assessing the Potential
Extent of Carsharing: A New Method and Its Implications,” Transportation Research
Record: Journal of the Transportation Research Board (1927), pp. 174-181.

Seeger, G., and Bick, M. 2013. “Mega and Consumer Trends — Towards Car- Independent
Mobile Applications,” in Proceedings of the 2007 International Conference on Mobile
Business, pp. 1-6.

Selander, L., Henfridsson, O., and Svahn, F. 2010. “Transforming Ecosystem Relationships
in Digital Innovation International Conference on Information Systems,” in Proceedings of
the 31 International Conference on Information Systems, St. Louis, Missouri, pp. 1-15.

Selander, L., Henfridsson, O., and Svahn, F. 2013. “Capability Search and Redeem across
Digital Ecosystems,” Journal of Information Technology (28:3), pp. 183-197.

Setia, P., Venkatesh, V., and Joglekar, S. 2013. “Leveraging Digital Technologies: How
Information Quality Leads to Localized Capabilities and Customer Service Performance,”
MIS Quarterly (37:2), pp. 565-590.

Shaheen, S. A., and Cohen, A. P. 2007. “Growth in Worldwide Carsharing — An International
Comparison,” Transportation Research Record: Journal of the Transportation Research
Board (1992), pp. 81-89.

Shaheen, S. A., and Lipman, T. E. 2007. “Reducing Greenhouse Emissions and Fuel
Consumption - Sustainable Approaches for Surface Transportation,” IATSS Research
(31:1), pp. 6-20.

Shaheen, S., Sperling, D., and Wagner, C. 1998. “Carsharing in Europe and North American:
Past, Present, and Future,” Transportation Quarterly (52:3), pp. 35-52.

Sheller, M. 2004. “Automotive Emotions,” Theory, Culture & Society (21:4-5), pp. 221-242.

Shipman, J. E., Swanquist, Q. T., and Whited, R. L. 2017. “Propensity Score Matching in
Accounting Research,” Accounting Review (92:1), pp. 213-244.

Siero, S., Boon, M., Kok, G., and Siero, F. 1989. “Modification of Driving Behavior in a Large
Transport Organization: A Field Experiment,” Journal of Applied Psychology (74:3), pp.
417-423.

Simon, H. A. 1996. The Sciences of the Atrtificial, (3 ed.), Cambridge, Massachusetts: MIT
Press.

180

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



References

Sioui, L., Morency, C., and Trépanier, M. 2013. “How Carsharing Affects the Travel Behavior
of Households: A Case Study of Montréal, Canada,” International Journal of Sustainable
Transportation (7:1), pp. 52—69.

Snow, C. C., Hakonsson, D. D., and Obel, B. 2016. “A Smart City Is a Collaborative
Community: Lessons from Smart Aarhus,” California Management Review (59:1), pp. 92—
108.

Son, T. A, Tao, P. D., and Khadraoui, D. 2012. “A Distributed Algorithm Solving
Multiobjective Dynamic Car Pooling Problem,” in Proceedings of the 2012 International
Conference on Computer & Information Science, pp. 231-236.

Sosna, M., Trevinyo-Rodriguez, R. N., and Velamuri, S. R. 2010. “Business Model Innovation
through Trial-and-Error Learning: The Naturhouse Case,” Long Range Planning (43:2-3),
pp. 383-407.

Spickermann, A., Grienitz, V., and Von Der Gracht, H. A. 2014. “Heading towards a
Multimodal City of the Future: Multi-Stakeholder Scenarios for Urban Mobility,”
Technological Forecasting and Social Change (89), pp. 201-221.

Srite, M., and Karahanna, E. 2006. “The Role of Espoused National Cultural Values in
Technology Acceptance,” MIS Quarterly (30:3), pp. 679—704.

Steinhilber, S., Wells, P., and Thankappan, S. 2013. “Socio-Technical Inertia: Understanding
the Barriers to Electric Vehicles,” Energy Policy (60), pp. 531-539.

Stocker, A., Kaiser, C., and Fellmann, M. 2017. “Quantified Vehicles: Novel Services for
Vehicle Lifecycle Data,” Business & Information Systems Engineering (59:2), pp. 125—-
130.

Stump, R. L., Gong, W., and Li, Z. 2008. “Exploring the Digital Divide in Mobile-Phone
Adoption Levels across Countries: Do Population Socioeconomic Traits Operate in the
Same Manner as Their Individual-Level Demographic Counterparts?,” Journal of
Macromarketing (28:4), pp. 397-412.

Swanson, E. B. 1994. “Information Systems Innovation Among Organizations,” Management
Science (40:9), pp. 1069-1092.

Swanson, E. B., and Ramiller, N. C. 2004. “Innovating Mindfully with Information
Technology,” MIS Quarterly: Management Information Systems (28:4), pp. 553-583.

Teece, D. J. 2010. “Business Models, Business Strategy and Innovation,” Long Range
Planning (43:2-3), pp. 172-194.

Teubner, T., and Flath, C. M. 2015. “The Economics of Multi-Hop Ride Sharing: Creating
New Mobility Networks Through IS,” Business and Information Systems Engineering
(57:5), pp. 311-324.

Tiefenbeck, V., Goette, L., Degen, K., Tasic, V., Fleisch, E., Lalive, R., and Staake, T. 2016.
“Overcoming Salience Bias: How Real-Time Feedback Fosters Resource Conservation,”
Management Science, pp. 1-19.

181

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



References

Tilson, D., Lyytinen, K., and Sorensen, C. 2010. “Research Commentary: Digital
Infrastructures: The Missing IS Research Agenda,” Information Systems Research (21:4),
pp. 748—759.

Tulusan, J., Steggers, H., Staake, T., and Fleisch, E. 2012. “Supporting Eco-Driving with
Eco-Feedback Technologies: Recommendations Targeted at Improving Corporate Car
Drivers’ Intrinsic Motivation to Drive More Sustainable,” Sprouts: Working Papers on
Information Systems (12:3), pp. 1-4.

Ulrich, K. 1995. “The Role of Product Architecture in the Manufacturing Firm,” Research
Policy (24:3), pp. 419-440.

Urry, J. 2004. “The ‘System’ of Automobility,” Theory, Culture & Society (21:4-5), pp. 25-39.

Vargo, S. L., and Lusch, R. F. 2004. “Evolving to a New Dominant Logic for Marketing,”
Journal of Marketing (68:1), pp. 1-17.

Veit, D., Clemons, E., Benlian, A., Buxmann, P., Hess, T., Spann, M., Kundisch, D.,
Leimeister, J. M., and Loos, P. 2014. “Business Models: An Information Systems
Research Agenda,” Business and Information Systems Engineering (6:1), pp. 45-53.

Venkatesh, V., Brown, S. A., and Bala, H. 2013. “Bridging the Qualitative-Quantitative Divide:
Guidelines for Conducting Mixed Methods Research in Information Systems,” MIS
Quarterly (37:1), pp. 21-54.

Verbong, G. P. J., and Geels, F. W. 2010. “Exploring Sustainability Transitions in the
Electricity Sector with Socio-Technical Pathways,” Technological Forecasting and Social
Change (77:8), pp. 1214-1221.

Vodanovich, S., Sundaram, D., and Myers, M. 2010. “Research Commentary-Digital Natives
and Ubiquitous Information Systems,” Information Systems Research (21:4), pp. 711-
723.

Wagner, C., and Shaheen, S. 1998. “Car Sharing and Mobility Management: Facing New
Challenges with Technology and Innovative Business Planning,” Journal of World
Transport Policy & Practice (4:2), pp. 39-43.

Wagner, S., Brandt, T., Kleinknecht, M., and Neumann, D. 2014. “In Free-Float: How
Decision Analytics Paves the Way for the Carsharing Revolution,” in Proceedings of the
35" International Conference on Information Systems, Auckland, New Zealand, pp. 1—-
17.

Walravens, N. 2012. “Mobile Business and the Smart City: Developing a Business Model
Framework to Include Public Design Parameters for Mobile City Services,” Journal of
Theoretical and Applied Electronic Commerce Research (7:3), pp. 121-135.

Watson, R. T., Boudreau, M.-C., and Chen, A. J. 2010. “Information Systems and
Environmentally Sustainable Development. Energy Informatics and New Directions for
the IS Community,” MIS Quarterly (34:1), pp. 23-38.

Webster, J., and Watson, R. T. 2002. “Analyzing the Past to Prepare for the Future: Writing a
Literature Review,” MIS Quatrterly (26:2), pp. 13-23.

182

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



References

Weikl, S., and Bogenberger, K. 2012. “Relocation Strategies and Algorithms for Free-
Floating Car Sharing Systems,” IEEE Intelligent Transportation Systems Magazine (5:4),
pp. 100-111.

Wells, P. 2013. “Sustainable Business Models and the Automotive Industry: A Commentary,”
IMB Management Review (25:4), pp. 228—-239.

Wertebbroch, K., and Skiera, B. 2002. “Measuring Consumers’ Willingness to Pay at the
Point of Purchase,” Journal of Marketing Research (39:2), pp. 228-241.

West, J., and Bogers, M. 2014. “Leveraging External Sources of Innovation: A Review of
Research on Open Innovation,” Journal of Product Innovation Management (31:4), pp.
814-831.

Wiersema, M., and Zhang, Y. 2011. “CEO Dismissal: The Role of Investment Analysts,”
Strategic Management Journal (32:11), pp. 1161-1182.

Wikhamn, B. R., Ljunberg, J., and Styhre, A. 2013. “Enacting Hard and Soft Product
Offerings in Mature Industries: Moving Towards Servitisation in Volvo,” International
Journal of Innovation Management (17:4), pp. 1-24.

Wilde, T., and Hess, T. 2007. “Forschungsmethoden Der Wirtschaftsinformatik: Eine
Empirische Untersuchung,” Wirtschaftsinformatik (49:4), pp. 280-287.

Williams, A. 2007. “Product Service Systems in the Automobile Industry: Contribution to
System Innovation?,” Journal of Cleaner Production (15:11-12), pp. 1093-1103.

Williams, K., Chatterjee, S., and Rossi, M. 2008. “Design of Emerging Digital Services: A
Taxonomy,” European Journal of Information Systems (17:5), pp. 505-517.

Willing, C., Brandt, T., and Neumann, D. 2016. “Sharing Is Caring-Understanding the
Relationship between the Sharing Economy and Sustainable Mobility,” in Proceedings of
37" International Conference on Information Systems, Dublin, Ireland, pp. 1-9.

Willing, C., Brandt, T., and Neumann, D. 2017. “Intermodal Mobility,” Business & Information
Systems Engineering (59:3), pp. 173-179.

Wirtz, B. W., Schilke, O., and Ullrich, S. 2010. “Strategic Development of Business Models,”
Long Range Planning (43:2-3), pp. 272-290.

Wooldridge, J. M. 2002. Econometric Analysis of Cross Section and Panel Data, Cambridge,
Massachusetts: The MIT Press.

Wunderlich, P. J., Kranz, J. J., and Veit, D. J. 2013. “Beyond Carrot-and-Stick: How Values
and Endogenous Motivations Affect Residential Green IS Adoption,” in Proceedings of
the 34" International Conference on Information Systems, Milan, Italy, pp. 1-19.

Wynn, D., and Williams, C. K. 2012. “Principles for Conducting Critical Realist Case Study
Research in Information Systems,” MIS Quatrterly (36:3), pp. 787—-810.

Xiaojun, Y., Plaisent, M., Bernard, P., and Kuofie, M. 2013. “Research on Business Model
Innovation and Control of China’s Education & Training Industry: New Oriental Education
& Technology Group as an Example,” Journal of Economic Development, Management,
IT, Finance, and Marketing (5:1), pp. 1-13.

183

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



References

Xu, S., Wu, F., and Cavusgil, E. 2013. “Complements or Substitutes? Internal Technological
Strength, Competitor Alliance Participation, and Innovation Development,” Journal of
Product Innovation Management (30:4), pp. 750-762.

Yoo, Y. 2010. “Computing in Everyday Life: A Call for Research on Experiential Computing,”
MIS Quarterly (34:2), pp. 213-231.

Yoo, Y., Boland, R. J., Lyytinen, K., and Majchrzak, A. 2012. “Organizing for Innovation in the
Digitized World,” Organization Science (23:5), pp. 1398—-1408.

Yoo, Y., Bryant, A, and Wigand, R. T. 2010a. “Designing Digital Communities That
Transform Urban Life: Introduction to the Special Section on Digital Cities,”
Communications of the Association for Information Systems (27), pp. 637-640.

Yoo, Y., Henfridsson, O., and Lyytinen, K. 2010b. “Research Commentary - The New
Organizing Logic of Digital Innovation: An Agenda for Information Systems Research,”
Information Systems Research (21:4), pp. 724-735.

Zahra, S. A., and George, G. 2002. “Absorptive Capacity: A Review, Reconceptualization,
and Extension,” The Academy of Management Review (27:2), pp. 185-203.

Zittrain, J. L. 2006. “The Generative Internet,” Harvard Law Review (119), pp. 1974—-2039.

Zolnowski, A., Schmitt, A. K., and Bohmann, T. 2011. “Understanding the Impact of Remote
Service Technology on Service Business Models in Manufacturing: From Improving after-
Sales Services to Building Service Ecosystems,” in Proceedings of the 19" European
Conference on Information Systems, Helsinki, Finland, pp. 1-14.

Zott, C., and Amit, R. 2007. “Business Model Design and the Performance of Entrepreneurial
Firms,” Organization Science (18:2), pp. 181-199.

Zott, C., and Amit, R. 2010. “Business Model Design: An Activity System Perspective,” Long
Range Planning (43), pp. 216-226.

Zott, C., Amit, R. H., and Massa, L. 2011. “The Business Model: Recent Developments and
Future Research,” Journal of Management (37:4), pp. 1019-1042.

Zuboff, S. 1988. In the Age of the Smart Machine: The Future of Work and Power, New York:
Basic Books.

184

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



Appendix

Appendix

Appendix A. Overview of the authors’ contribution in the studies included in this
thesis

No Chapter Title Author Authc_)rs .
contribution
Andre Hanelt 50
1 Bl Towards Sustainable Mobility — Digital Eco-Systems as Bjorn Hildebrandt 30
Drivers of Disruptive Change Benjamin Brauer 15
Lutz M. Kolbe 5
. . . . Andre Hanelt 55
2 BII Uncovering the Role of IS in Business Model Innovation — A .
: Taxonomy-Driven Approach to Structure the Field Bjorn Hildebrandt 40
Jan Polier 5
) o o Bjorn Hildebrandt 40
Entering the Digital Era — The Impact of Digital Technology—
3 Bl Related M&As on Business Model Innovations of Automobile ~ Andre Hanelt 40
OEMs Sebastian Firk 15
Lutz M. Kolbe 5
Bjorn Hildebrandt 52.5
) ) ) ) Andre Hanelt 40
4 BIV The Value of IS in Business Model Innovation for Sustainable o
: Mobility Services — The Case of Carsharing Everlin Piccinini 2.5
Lutz M. Kolbe 25
Tim Nierobisch 25
Sharing yet Caring: Mitigating Moral Hazard in Access-Based ~Bjorn Hildebrandt 55
5 B.IV Consumption through 1S-Enabled Value Co-Capturing with Andre Hanelt 30
Consumers . )
Sebastian Firk 15

185

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



Appendix

Appendix B. Overview of author's published publications as of March 2018

Authors Publication Ranking

Peer-reviewed Journals

Hildebrandt, B.; Hanelt, A.; Firk, S. (2018): Sharing yet Caring: Mitigating Moral Hazard in Access-Based
Consumption through I1S-Enabled Value Co-Capturing with Consumers, Business & Information Systems B
Engineering (BISE), Vol. 60, No. 3, pp. 227-241.

Hanelt, A.; Hildebrandt, B.; Brauer, B.; Kolbe, L.M. (2015): Towards Sustainable Mobility - Digital Eco-Systems as
Drivers of Disruptive Change, China Media Research, Vol. 11, No. 4, pp. 53-63.

Peer-reviewed Conferences

Chatterjee, S.; Hildebrandt, B.; Kolbe, L. M. (2017): Understanding the Scene Data: Pavement Grouping in
Images, 38" International Conference on Information Systems (ICIS 2017), Seoul, South Korea.

Hildebrandt, B.; Remane, G.; Brauer, B.; Kolbe, L.M. (2016): Facilitating E-Mobility Through Digital Technologies —
Development and Evaluation of a Dynamic Battery-Leasing Business Model, 20" Pacific Asia Conference on C
Information Systems (PACIS 2016), Chiayi, Taiwan.

Remane, G.; Hildebrandt, B.; Hanelt, A.; Kolbe, L.M. (2016): Discovering New Digital Business Model Types — A
Study of Technology Startups from the Mobility Sector, 20" Pacific Asia Conference on Information Systems C
(PACIS 2016), Chiayi, Taiwan.

Brauer, B.; Ebermann, C.; Hildebrandt, B.; Remané, G.; Kolbe, L. M. (2016): Green by App: The Contribution of
Mobile Applications to Environmental Sustainability, 20" Pacific Asia Conference on Information Systems (PACIS C
2016), Chiayi, Taiwan.

Remane, G.; Hanelt, A.; Hildebrandt, B.; Kolbe, L.M. (2016): Changes in Digital Business Model Types - A
Longitudinal Study of Technology Startups from the Mobility Sector, 22" Americas Conference on Information D
Systems (AMCIS 2016), San Diego, California.

Brendel, A. B.; Brauer, B.; Hildebrandt, B. (2016): Towards User-Based Relocation Information Systems in Station-
Based One-Way Car Sharing, 22" Americas Conference on Information Systems (AMCIS 2016), San Diego, D
California.

Hildebrandt, B.; Hanelt, A.; Firk, S.; Kolbe, L. (2015): Entering the Digital Era - The Impact of Digital Technology-

related M&As on Business Model Innovations of Automobile OEMs, 36" International Conference on Information

Systems (ICIS 2015), Fort Worth, Texas. A
*Best Paper Nominee

Hanelt, A.; Hildebrandt, B.; Polier, J. (2015): Uncovering the Role of IS in Business Model Innovation - A
Taxonomy-Driven Approach to Structure the Field, 23™ European Conference on Information Systems (ECIS 2015), B
Munster, Germany.

Hanelt, A.; Piccinini, E.; Gregory, R. W.; Hildebrandt, B.; Kolbe, L. (2015): Digital Transformation of Primarily
Physical Industries - Exploring the Impact of Digital Trends on Business Models of Automobile Manufacturers, 12" C
International Conference on Wirtschaftsinformatik (Wl 2015), Osnabriick, Germany.

Hanelt, A.; Nastjuk, |.; Krup, H.; Eisel, M.; Ebermann, C.; Brauer, B.; Piccinini, E.; Hildebrandt, B.; Kolbe, L. (2015):
Disruption on the Way? The Role of Mobile Applications for Electric Vehicle Diffusion, 12" International Conference C
on Wirtschaftsinformatik (W1 2015), Osnabriick, Germany.

Hildebrandt, B.; Hanelt, A.; Piccinini, E.; Kolbe, L.; Nierobisch, T. (2015): The Value of IS in Business Model
Innovation for Sustainable Mobility Services - The Case of Carsharing, 12" International Conference on C
Wirtschaftsinformatik (W1 2015), Osnabriick, Germany.

Schmidt, J.; Hildebrandt, B., Eisel, M.; Kolbe, L. (2015): Applying Demand Response Programs for Electric Vehicle
Fleets, 21* Americas Conference on Information Systems (AMCIS 2015), Fajardo, Puerto Rico.

Trang, S.; Mandrella, M.; Zander, S.; Hildebrandt, B.; Kolbe, L. M. (2015): Value Co-creation through Network IT
Alignment: An Empirical Examination in Regional Networks, 21% Americas Conference on Information Systems D
(AMCIS 2015), Fajardo, Puerto Rico.

Other Related Publications

Hildebrandt, B.; Busse, S.; Trang, S.; Kolbe, L. (2016): Valuing Battery Degradation from a Battery Lessor's
Perspective, in: Hulsmann, M.; Fornahl, D. (Ed.): Markets and policy measures in the evolution of electric mobility, n.a.
Springer, pp. 163-178.

The study ranking was assessed according to VHB Jourqual 3.

186

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



Gottinger Wirtschaftsinformatik

Herausgeber: Prof. Dr. J. Biethahn™ ¢ Prof. Dr. L. M. Kolbe ¢ Prof. Dr. M. Schumann

Band 31: Christian Stummeyer

Integration von Simulationsmethoden und hochintegrierter betriebswirtschaftlicher
PPS-Standardsoftware im Rahmen eines ganzheitlichen Entwicklungsansatzes

ISBN 3-89712-874-8

Band 32: Stefan Wegert

Gestaltungsansatze zur IV-Integration von elektronischen und konventionellen
Vertriebsstrukturen bei Kreditinstituten

ISBN 3-89712-924-8

Band 33: Ernst von Stegmann und Stein

Ansétze zur Risikosteuerung einer Kreditversicherung unter Bertcksichtigung von
Unternehmensverflechtungen

ISBN 3-89873-003-4

Band 34: Gerald Wissel

Konzeption eines Managementsystems fiir die Nutzung von internen sowie externen
Wissen zur Generierung von Innovationen

ISBN 3-89873-194-4

Band 35: Wolfgang Greve-Kramer

Konzeption internetbasierter Informationssysteme in Konzernen
Inhaltliche, organisatorische und technische Uberlegungen zur internetbasierten
Informationsverarbeitung in Konzernen

ISBN 3-89873-207-X

Band 36: Tim Veil
Internes Rechnungswesen zur Unterstitzung der Fihrung in Unternehmensnetzwerken
ISBN 3-89873-237-1

Band 37: Mark Althans

Konzeption eines Vertriebscontrolling-Informationssystems fur Unternehmen der
liberalisierten Elektrizitatswirtschaft

ISBN 3-89873-326-2

Band 38: Jorn Propach

Methoden zur Spielplangestaltung éffentlicher Theater
Konzeption eines Entscheidungsunterstitzungssystems auf der Basis Evolutionarer
Algorithmen

ISBN 3-89873-496-X

Cuvillier Verlag Gottingen

Nonnenstieg 8 » 37075 Gottingen

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



Gottinger Wirtschaftsinformatik

Herausgeber: Prof. Dr. J. Biethahn™ ¢ Prof. Dr. L. M. Kolbe ¢ Prof. Dr. M. Schumann

Band 39:

Band 40:

Band 41:

Band 42:

Band 43:

Band 44:

Band 45:

Band 46:

Jochen Heimann

DV-gestitzte JahresabschluBBanalyse
Maoglichkeiten und Grenzen beim Einsatz computergeschiitzter Verfahren zur Analyse und
Bewertung von Jahresabschliissen

ISBN 3-89873-499-4

Patricia Boning Spohr
Controlling fir Medienunternehmen im Online-Markt
Gestaltung ausgewahlter Controllinginstrumente

ISBN 3-89873-677-6

Jorg Koschate

Methoden und Vorgehensmodelle zur strategischen Planung von
Electronic-Business-Anwendungen

ISBN 3-89873-808-6

Yang Liu
A theoretical and empirical study on the data mining process for credit scoring
ISBN 3-89873-823-X

Antonios Tzouvaras

Referenzmodellierung fiir Buchverlage
Prozess- und Klassenmodelle fiir den Leistungsprozess

ISBN 3-89873-844-2

Marina Nomikos

Hemmnisse der Nutzung Elektronischer Marktpléatze aus der Sicht von kleinen
und mittleren Unternehmen eine theoriegeleitete Untersuchung

ISBN 3-89873-847-7

Boris Fredrich

Wissensmanagement und Weiterbildungsmanagement
Gestaltungs- und Kombinationsanséatze im Rahmen einer lernenden Organisation

ISBN 3-89873-870-1

Thomas Arens

Methodische Auswahl von CRM Software
Ein Referenz-Vorgehensmodell zur methodengestiitzten Beurteilung und Auswahl von
Customer Relationship Management Informationssystemen

ISBN 3-86537-054-3

Cuvillier Verlag Gottingen

Nonnenstieg 8 » 37075 Gottingen

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.

Es gilt nur fir den persénlichen Gebrauch.




Gottinger Wirtschaftsinformatik

Herausgeber: Prof. Dr. J. Biethahn™ ¢ Prof. Dr. L. M. Kolbe ¢ Prof. Dr. M. Schumann

Band 47: Andreas Lackner

Dynamische Tourenplanung mit ausgewahlten Mataheuristiken
Eine Untersuchung am Beispiel des kapazitatsrestriktiven dynamischen
Tourenplanungsproblems mit Zeitfenstern

ISBN 3-86537-084-5

Band 48: Tobias Behrensdorf

Service Engineering in Versicherungsunternehmen
unter besonderer Berlcksichtigung eines Vorgehensmodells zur Unterstitzung durch
Informations- und Kommunikationstechnologien

ISBN 3-86537-110-8

Band 49: Michael Range

Aufbau und Betrieb konsumentenorientierter Websites im Internet
Vorgehen und Methoden unter besonderer Berlcksichtigung der Anforderungen von kleinen
und mittleren Online-Angeboten

ISBN 3-86537-490-5

Band 50: Gerit Gribler

Ganzheitliches Multiprojektmanagement
Mit einer Fallstudie in einem Konzern der Automobilzulieferindustrie

ISBN 3-86537-544-8

Band 51: Birte Pochert

Konzeption einer unscharfen Balanced Scorecard
Moglichkeiten der Fuzzyfizierung einer Balanced Scorecard zur Unterstitzung
des Strategischen Managements

ISBN 3-86537-671-1

Band 52: Manfred Peter Zilling

Effizienztreiber innovativer Prozesse flur den Automotive Aftermarket
Implikationen aus der Anwendung von kollaborativen und integrativen
Methoden des Supply Chain Managements

ISBN 3-86537-790-4

Band 53: Mike Hieronimus

Strategisches Controlling von Supply Chains
Entwicklung eines ganzheitlichen Ansatzes unter Einbeziehung der Wertschépfungspartner

ISBN 3-86537-799-8

Band 54: Dijana Bergmann

Datenschutz und Datensicherheit unter besonderer Berlicksichtigung des elektronischen
Geschéaftsverkehrs zwischen 6ffentlicher Verwaltung und privaten Unternehmen

ISBN 3-86537-894-3

Cuvillier Verlag Gottingen

Nonnenstieg 8 » 37075 Gottingen

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



Gottinger Wirtschaftsinformatik

Herausgeber: Prof. Dr. J. Biethahn™ ¢ Prof. Dr. L. M. Kolbe ¢ Prof. Dr. M. Schumann

Band 55: Jan Eric Borchert

Operatives Innovationsmanagement in Unternehmensnetzwerken
Gestaltung von Instrumenten fir Innovationsprojekte

ISBN 3-86537-984-2

Band 56: Andre Daldrup

Konzeption eines integrierten 1V-Systems zur ratingbasierten Quantifizierung
des regulatorischen und ékonomischen Eigenkapitals im Unternehmenskreditgeschéft
unter Berucksichtigung von Basel Il

ISBN 978-3-86727-189-9

Band 57: Thomas Diekmann

Ubiquitous Computing-Technologien im betrieblichen Umfeld
Technische Uberlegungen, Einsatzmdglichkeiten und Bewertungsanséatze

ISBN 978-3-86727-194-3

Band 58: Lutz Seidenfaden
Ein Peer-to-Peer-basierter Ansatz zur digitalen Distribution wissenschaftlicher Informationen
ISBN 978-3-86727-321-3

Band 59: Sebastian Rieger

Einheitliche Authentifizierung in heterogenen IT-Strukturen fur ein sicheres
e-Science-Umfeld

ISBN 978-3-86727-329-9

Band 60: Ole Bjorn Brodersen

Eignung schwarmintelligenter Verfahren fir die betriebliche Entscheidungsunterstiitzung
Untersuchungen der Particle Swarm Optimization und Ant Colony Optimization anhand
eines stochastischen Lagerhaltungs- und eines universitédren Stundenplanungsproblems

ISBN 978-3-86727-777-5

Band 61: Jan Sauer

Konzeption eines wertorientierten Managementsystems unter besonderer Beriicksichtigung
des versicherungstechnischen Risikos

ISBN 978-3-86727-858-4

Band 62: Adam Melski

Datenmanagement in RFID-gestitzten Logistiknetzwerken
RFID-induzierte Veranderungen, Gestaltungsméglichkeiten und Handlungsempfehlungen

ISBN 978-3-86955-041-1

Cuvillier Verlag Gottingen

Nonnenstieg 8 » 37075 Gottingen

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



Gottinger Wirtschaftsinformatik

Herausgeber: Prof. Dr. J. Biethahn™ ¢ Prof. Dr. L. M. Kolbe ¢ Prof. Dr. M. Schumann

Band 63: Thorsten Caus

Anwendungen im mobilen Internet
Herausforderungen und Losungsansatze fur die Entwicklung und Gestaltung
mobiler Anwendungen

ISBN 978-3-86955-399-3

Band 64: Nils-Holger-Schmidt

Environmentally Sustainable Information Management
Theories and concepts for Sustainability, Green IS, and Green IT

ISBN 978-3-86955-825-7

Band 65: Lars Thoroe
RFID in Reverse-Logistics-Systemen
ISBN 978-3-86955-902-5

Band 66: Stefan Bitzer
Integration von Web 2.0-Technologien in das betriebliche Wissensmanagement
ISBN 978-3-86955-918-6

Band 67: Matthias KieB3ling
IT-Innovationsmanagement

Gestaltungs- und Steuerungsmoglichkeiten
ISBN 978-3-95404-104-6

Band 68: Marco Klein
HR Social Software
Unternehmensinterne Weblogs, Wikis und Social Networking
Services flr Prozesse des Personalmanagements
ISBN 978-3-95404-247-0

Band 69: Malte Schmidt
Migration vom Barcode zur passiven RFID-Technologie in der automobilen Logistik
Exemplarische Untersuchung am Beispiel eines Automobilherstellers
ISBN 978-3-95404-441-2

Band 70: Janis Kossahl
Konzeptuelle Grundlagen zur Etablierung einer Informationsplattform
in der Energiewirtschaft
Ein Beitrag zur Energiewende aus der Perspektive der Wirtschaftsinformatik
ISBN 978-3-95404-524-2

Cuvillier Verlag Gottingen

Nonnenstieg 8 » 37075 Gottingen

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



Gottinger Wirtschaftsinformatik

Herausgeber: Prof. Dr. J. Biethahn™ ¢ Prof. Dr. L. M. Kolbe ¢ Prof. Dr. M. Schumann

Band 71: Stefan Friedemann
IT-gestutzte Produktionsplanung mit nachwachsenden Rohstoffen
unter Berucksichtigung von Unsicherheiten
ISBN 978-3-95404-606-5

Band 72: Arne Frerichs
Unternehmensfinanzierung mit Peer-to-Peer-gestutzter Mittelvergabe
ISBN 978-3-95404-624-9

Band 73: Ullrich C. C. Jagstaidt
Smart Metering Information Management
Gestaltungsansatze fur das Informationsmanagement und fur
Geschaftsmodelle der Marktakteure in der Energiewirtschaft
ISBN 978-3-95404-696-6

Band 74: Sebastian Busse
Exploring the Role of Information Systems in the Development of Electric Mobility
Understanding the Domain and Designing the Path
ISBN 978-3-95404-727-7

Band 75: Christoph Beckers
Management von Wasserinformationen in der Fleischindustrie
Analyse von Sytemanforderungen zur produktspezifischen Ausweisung
von Water Footprints
ISBN 978-3-95404-809-0

Band 76: Hendrik Hilpert
Informationssysteme fir die Nachhaltigkeitsberichterstattung in Unternehmen
Empirische Erkenntnisse und Gestaltungsansatze zur Datengrundlage, Erfassung
und Berichterstattung von Treibhausgasemissionen
ISBN 978-3-95404-908-0

Band 77: Simon Thanh-Nam Trang
Adoption, Value Co-Creation, and Governance of Inter-Organizational Information

Technology in Wood Networks
ISBN 978-3-7369-9031-9

Band 78: Stefan Groger
IT-Unterstitzung zur Verbesserung der Drittmittel-Projekt-Bewirtschaftung an

Hochschulen - Referenzprozessgestaltung, Artefakt-Design und Nutzenpotenziale
ISBN 978-3-7369-9077-7

Cuvillier Verlag Gottingen

Nonnenstieg 8 « 37075 Gottingen

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



Gottinger Wirtschaftsinformatik

Herausgeber: Prof. Dr. J. Biethahn™ ¢ Prof. Dr. L. M. Kolbe ¢ Prof. Dr. M. Schumann

Band 79: Johannes Schmidt
Demand-Side Integration Programs for Electric Transport Vehicles
unter Berucksichtigung von Unsicherheiten
ISBN 978-3-7369-9123-1

Band 80: Christian Tornack
IT-gestltztes Nachfolgemanagement in GroBunternehmen
ISBN 978-3-7369-9161-3

Band 81: Shanna Appelhanz
Tracking & Tracing-Systeme in Wertschépfungsnetzwerken fiur die
industrielle stoffliche Nutzung nachwachsender Rohstoffe
ISBN 978-3-7369-9207-8

Band 82: Henning Krap
IT Corporate Entrepreneurship — Identifying Factors for IT Innovations
in Non-IT Companies
ISBN 978-3-7369-9253-5

Band 83: Andre Hanelt
Managing the Digital Transformation of Business Models —
An Incumbent Firm Perspective
ISBN 978-3-7369-9254-2

Band 84: Bjérn Pilarski
Mobile Personalinformationssysteme
Empirische Erkenntnisse und Gestaltungsanséatze zum
Einsatz mobiler Anwendungen im Personalmanagement
ISBN 978-3-7369-9291-7

Band 85: Everlin Piccinini
Digital Transformation of Business - Understanding this Phenomenon in
the Context of the Automotive Industry
ISBN 978-3-7369-9323-5

Band 86: Matthias Eisel
Analyzing the Range Barrier to Electric Vehicle Adoption -
The Case of Range Anxiety
ISBN 978-3-7369-9379-2

Cuvillier Verlag Gottingen

Nonnenstieg 8 « 37075 Gottingen

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



Gottinger Wirtschaftsinformatik

Herausgeber: Prof. Dr. J. Biethahn™ ¢ Prof. Dr. L. M. Kolbe ¢ Prof. Dr. M. Schumann

Band 87: Gerrit Remané
Digital Business Models in the Mobility Sector: Using Components and Types to
Understand Existing and Design New Business Models
ISBN 978-3-7369-9544-4

Band 88: Thierry Jean Ruch
Consumerization of IT -
Studies to Explore the Phenomenon and Implications for IT Management,
Information Security, and Organizational Security
ISBN 978-3-7369-9558-1

Band 89: Carolin Ebermann
Die Férderung von nachhaltigem Mobilitatsverhalten durch erhéhte User-Experience
und den Einsatz von Informationssystemen
ISBN 978-3-7369-9568-0

Band 90: Sebastian Zander
Interorganizational Information Systems for the Efficient Utilization of Renewable
Resources - Insights from Networks in the Wood Industry
ISBN 978-3-7369-9584-0

Band 91: llja Nastjuk
The Dark and the Bright Side of Digitalization -
The Case of Sustainable Mobility
ISBN 978-3-7369-9586-4

Band 92: Aaron Mengelkamp
Informationen zur Bonitatsprifung auf Basis von Daten aus sozialen Medien
ISBN 978-3-7369-9628-1

Band 93: Alfred Benedikt Brendel
Applied Design Science Research in the Context of Smart and Sustainable Mobility
The Case of Vehicle Supply and Demand Management in Shared Vehicle Services
ISBN 978-3-7369-9685-4

Band 94: Markus Mandrella
IT-Based Value Co-Creation in Inter-Organizational Networks

Theory Integration, Extension, and Adaptation to the Wood Industry
ISBN 978-3-7369-9695-3

Cuuvillier Verlag Gottingen

Nonnenstieg 8 « 37075 Géttingen

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



Gottinger Wirtschaftsinformatik

Herausgeber: Prof. Dr. J. Biethahn™ ¢ Prof. Dr. L. M. Kolbe ¢ Prof. Dr. M. Schumann

Band 95: Benjamin Brauer
Persuasive User-Centric Green IS
Exploring the Role and Paving the Way of Information Systems to Induce
Pro-Environmental Behavior Change
ISBN 978-3-7369-9764-6

Band 96: Sebastian Hobert
Empirische Erkenntnisse und Gestaltungsanséatze zum Einsatz von
Wearable Computern im Industriesektor
ISBN 978-3-7369-9794-3

Cuvillier Verlag Gottingen

Nonnenstieg 8 « 37075 Gottingen

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



	A Foundation

	Introduction

	Theoretical Background
	Studies on Mobility Changes in the Digital Era

	The Role of digital Eco-Systems
	study 1 towards sustainable mobility
	The Distinct Roles of Informations Systems in Business Model Innovation
	Study 2: Uncoverring the Role of IS un Business Model Innovation
	The Impact of Digital Technology Diffusion on Business Model Innovation
	Study 3: Entering Digital Era
	The Potentials of Digital Technology
	Study 4: The value of IS in Business Model Innovation for Sustainable Mobility Services
	Study 5: Sharing yet Caring
	Contribution

	Unbenannt
	Implications for Theory and Practice

	Limitations and Further Research Opportunities
	Conclusion
	References
	Appendix


