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Abstract

Organizations are uniquely positioned to promote sustainability across the environmental, eco-

nomic, and social pillars due to their capacity for rapid innovation, the creation of spillover

effects, and the operation beyond government boundaries. Leveraging this position through

Digital Transformation (DT) offers the potential to develop new value propositions and rede-

fine value networks, thereby enabling sustainable development. However, DT can also lead to

unintended negative consequences on sustainability, affecting both current and future genera-

tions. Thus, a balance must be struck between the promising prospects of DT and its potential

adverse effects. In this context, this doctoral thesis examines the challenges arising from the

interplay of DT and sustainability. Specifically, it addresses how organizations can enter virtu-

ous cycles, where the success of one project that combines DT and sustainability spurs further

similar projects. This is achieved by providing actionable research artifacts, considering sus-

tainability as a concept composed of three pillars (economic, environmental, and social), and

leveraging the connections between these pillars. The findings serve as building blocks – i.e.,

theoretically grounded research artifacts that provide organizations with generalizable yet ac-

tionable guidelines – to foster sustainable development by organizations.

Before diving into the exploration of the challenges, Research Article #1 employs a tension lens

to investigate the competing demands at the intersection of DT and sustainability. Drawing

on these tensions and the results of an interview study, the article introduces three response

mechanisms that guide organizations and researchers in understanding and facilitating the in-

tegration of DT and sustainability. This approach demonstrates how organizations can actively

balance the positive and negative impacts that result from the interaction between DT and sus-

tainability, while treating sustainability as a holistic concept. Building on the first response

mechanism (i.e., Leverage DT to enhance sustainability), Research Article #2 conducts a multivo-

cal literature review to derive archetypes that use Artificial Intelligence (AI) for sustainability.

These archetypes integrate organizational, technical, and sustainability perspectives to enhance

the adoption of AI for sustainability in organizations.

Beyond the potentials of DT for sustainability, the second response mechanism "Exploit sus-

tainability to sharpen digital actions", emphasizes how organizations can utilize a sustainability

perspective to improve the sustainability of DT projects. Here, Research Article #3 presents

design patterns for AI projects to address the negative impacts of AI on the environment and

society. Complementary, Research Article #4 focuses on government mechanisms and offers an

extension to existing governance frameworks to connect multiple sustainability pillars.
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Finally, this doctoral thesis presents two research articles that illustrate the third response

mechanism (i.e., "Integrate DT and sustainability to provide mutual benefits") that integrates DT

and sustainability by merging the outcome focus of response mechanism one with the process

focus of response mechanism two. Research Article #5 employs Automated Machine Learn-

ing (AutoML) a technique designed to democratize access to Machine Learning (ML) and fa-

cilitates efficient training to compare different feature sets for predicting public transportation

punctuality. The results enable public transportation providers to improve service reliability,

thereby increasing user attractiveness and promoting a shift toward more sustainable mobil-

ity. Concurrently, this research demonstrates how organizations can democratize ML access by

showing that AutoML can be used to train sophisticated models. Although fostering a shift

towards sustainable mobility, Research Article #6 applies a sustainability lens to enhance infor-

mation provisioning in intermodal mobility journeys. The resulting model integrates phases,

mode combinations, and their interactions, offering organizations an example of blending dig-

ital goals (i.e., increasing usability) with sustainability goals (i.e., enhancing sustainable mobil-

ity).

In conclusion, this doctoral thesis equips organizations with building blocks for integrating

DT and sustainability. By offering actionable practices that consider all three sustainability

pillars and connecting values across these pillars, this thesis seeks to engage researchers and

practitioners in a dialogue about the powerful interweaving of DT and sustainability.
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1 Introduction

1.1 Motivation

As of today, the Earth has crossed six of the nine planetary boundaries, which serve as mea-

surable limits within which humanity can safely develop and thrive (Richardson et al., 2023;

Rockström et al., 2009). With a steep increase from three crossed boundaries in 2009 to six in

2023; there is no denying of the scientifically agreed human-made environmental degradation

(Oreskes, 2004; Richardson et al., 2023). However, sustainability extends beyond environmen-

tal concerns (Purvis et al., 2019). Sustainable development1 defined as "meeting the needs of

the present without compromising the ability of future generations to meet their own needs" (World

Commission on Environment and Development, 1987) requires balancing the social, environ-

mental, and economic pillars of sustainability (Elkington, 1997; Purvis et al., 2019). Addressing

this multifaceted challenge requires not only individual actions (e.g., adopting vegetarian di-

ets, extending the lifespan of electronic devices) and governmental regulations (e.g., carbon

pricing, emission standards) but also significant organizational efforts (Garnett & Balmford,

2022).

The potential of organizations (that is, cooperations, government institutions, and non-gov-

ernmental institutions) to positively influence sustainable development is undisputed and is

increasingly recognized (e.g., Dao et al., 2011; Garnett & Balmford, 2022). Organizations are

uniquely positioned to promote sustainability due to their ability to innovate quickly, create

spillover effects, and operate beyond government boundaries (Garnett & Balmford, 2022). For

example, Cisco used its Digital Transformation (DT) expertise to enable home office settings

for schools and other non-profits (Cisco, 2022). Similarly, Ecovadis provides a platform for

organizations to assess their own social and environmental sustainability, as well as that of

their suppliers, thus promoting sustainable procurement and transparent improvements (Eco-

vadis, 2024). Although these examples underscore the significant potential of organizations to

contribute to sustainable development, it is crucial to recognize that organizations have also

played a substantial role in exacerbating environmental and social issues worldwide (Porter &

Kramer, 2011; Van Zanten & Van Tulder, 2021). For example, a report by the Customer Data

Platform Institute and the Climate Accountability Institute revealed that only 100 companies

were responsible for more than 71 % of global industrial greenhouse gas emissions between

1In line with Purvis et al. (2019), this doctoral thesis uses the terms sustainability and sustainable development
interchangeably.
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1988 and 2015 (Griffin, 2017). Therefore, organizations must find a way to leverage their po-

tential to promote sustainable development while also addressing their negative impact on

sustainability.

One promising way to achieve sustainable development of organizations is through DT (Ganju

et al., 2016; Vassilakopoulou & Hustad, 2023a; Veit & Thatcher, 2023). DT, defined as "a process

that aims to improve an entity by triggering significant changes to its properties through combinations

of information, computing, communication, and connectivity technologies" (Vial, 2019, p. 121) offers

means to promote sustainability (Dao et al., 2011; El Idrissi & Corbett, 2016). For instance,

DT can empower villages and regions to develop e-commerce ecosystems that allow them to

participate in a global world (Leong et al., 2016), leverage Artificial Intelligence (AI) models

for the prediction of urban solid waste (Ayeleru et al., 2021), or facilitate the development of

chatbots for the promotion of sexual health among teenagers (Wang et al., 2022). Researchers

have explored the positive interplay between DT and sustainability under various terms (e.g.,

green Information Systems (IS) and IS for sustainability) (Loeser, 2013; Melville, 2010; Vom

Brocke et al., 2013). Although many studies primarily focus on environmental sustainability

(e.g., Loeser, 2013) or specific pillars of sustainability (e.g., Buck et al., 2023), some research

articles investigate the holistic impact of DT on sustainability (e.g., Melville, 2010). The merit

of these works is that DT can significantly support sustainable development across the social,

environmental, and economic sustainability pillars. Consequently, DT is posited to have the

potential to "make the world a better place" (Lagna & Ravishankar, 2022, p. 61).

However, this positive view, sometimes even called utopian, on the potentials of DT for sus-

tainability is disputed in the literature (Chatterjee & Sarker, 2024; Pappas et al., 2023; Vial,

2019). Discussed under a magnitude of terms (i.e., Digitalization as the problem or solution Veit &

Thatcher, 2023, the dark side of digital [...] Verbeke & Hutzschenreuter, 2021, and digital dystopia

Tirole, 2021), the negative impact of DT on sustainability has been acknowledged by several

researchers. Examples of this dystopic view include the decline in privacy in today’s digital

world by the widespread collection of personal data to enhance the quality of data analytics

and AI systems (Wieringa et al., 2021), or the negative environmental impact of ever better and

larger generative language models (Touvron et al., 2023b, 2023a). The joint claim of this stream

of research is that DT besides it benefits can harm sustainable development (Veit & Thatcher,

2023). Research has acknowledged this negative impact of DT on sustainability and developed

mitigation strategies to conduct DT while resulting in fewer unintended consequences on the
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environment (Berthon & Donnellan, 2011). Combined under the term green Information Tech-

nology (IT), the IS community analyzed measures and initiatives focused on decreasing the

environmental lifecycle footprint of IT equipment and infrastructure (Loeser, 2013). Following

a broader definition of sustainability, Pappas et al. (2023) introduce the term responsible DT,

which describes the responsible (in terms of social and environmental) DT of organizations.

Both the utopian and the dystopian view on the interplay of DT and sustainability represent

two extrema of this polarized discourse. Therefore, to achieve sustainable development for

organizations leveraging the intersection, Chatterjee and Sarker (2024) and Veit and Thatcher

(2023) argue that researchers and practitioners have to balance the positive and negative im-

pacts of DT on sustainability. Veit and Thatcher (2023) emphasize the need for a balanced

approach to harness the benefits of digitalization while mitigating its negative impacts. Chat-

terjee and Sarker (2024) further propose that simultaneously exploring DT through dystopian

and utopian lenses results in a comprehensive understanding that can guide more effective

strategies for sustainable development. Hence, the ongoing exploration of both the positive

and negative impacts of DT regarding sustainability is crucial to develop holistic strategies

that leverage DTs for sustainability and address potential drawbacks. This joint consideration

has recently been termed Twin Transformation (TT) on an organizational level and describes

the "value-adding interplay between digital and sustainability transformation efforts that improve an

organization by leveraging digital technologies for enabling sustainability and leveraging sustainability

for guiding digital progress" (Christmann et al., 2024, p. 7). Christmann et al. (2024) formalize the

concept of TT by identifying two response mechanisms2: DT as an enabler for sustainability

and sustainability as a guide for DT. In contrast, Crome et al. (2024b) highlight that there is a

third response mechanism that combines the positive effects of DT and sustainability, termed

integrate DT and sustainability, to provide mutual benefit. Hence, combining the positive ef-

fects of DT and sustainability while mitigating the negative effects that might arise from one

or the other. Although there are examples of the interplay of DT and sustainability, these re-

search articles predominantly focus on the positive impacts of the interplay (e.g., Crome et al.,

2023a; Guandalini, 2022). Hence, current research lacks a balanced perspective that considers

the positive and negative impacts that arise through the interplay of DT and sustainability. This

perspective should address the inherent tensions that organizations face when simultaneously

pursuing DT and sustainable development (Mishra et al., 2022).

2The term response mechanisms refers to the wording from Research Article #1 which introduces three response
mechanisms which balance tensions arising from the interplay of DT and sustainability.
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To balance these tensions and allow organizations to integrate DT and sustainability, re-

searchers and organizations must (1) understand sustainability as a holistic concept to mitigate

negative impacts (Veit & Thatcher, 2023; Vial, 2019), (2) leverage the connection of multiple

sustainability pillars to strengthen support for and comprehension of projects at DTs’ and

sustainabilities’ intersection (Dao et al., 2011; Porter & Kramer, 2011), and (3) identify action-

able practices that fuel the balancing (Dennehy et al., 2023; Pappas et al., 2023). Each of the

challenges is explored below. First, sustainability is a concept encompassing three pillars that

should be treated equally (Elkington, 1997; Purvis et al., 2019; Veit & Thatcher, 2023). Despite

the popularity of this definition, current research on the intersection of DT and sustainability

focuses primarily on the environmental pillar (Schoormann et al., 2023; Veit & Thatcher, 2023).

While there are emerging research streams that address other sustainability pillars, such as fair

or responsible DT (e.g., Pappas et al., 2023), these efforts often operate in silos. For example,

the research streams of environmental-friendly AI and social-focused AI development have

developed independently (Leuthe et al., 2024), resulting in overlapping recommendations and

challenges for practitioners trying to comprehensively assess sustainable AI measures (Den-

nehy et al., 2023; Pappas et al., 2023). Similarly, research on DT for environmental sustainability

and the use of DT for social sustainability has developed in different streams (Loeser, 2013). In

a practical case study highlighting the importance of treating holistically sustainability, Guo et

al. (2019) examined the impact of ride-hailing platforms on car purchases, showing a shift from

one group of actors (private car buyers) to another group of actors (drivers purchasing cars

commercially), reversing the initial positive impact of reduced car purchases and introducing

shifts in social systems by reducing trips from private taxi services and increasing the market

share of other ride-hailing services (Veit & Thatcher, 2023). Therefore, the first challenge is to

embrace a balanced approach that addresses each sustainability pillar alongside DT (Pappas

et al., 2023; Veit & Thatcher, 2023).

Second, while the former challenge highlights the necessity of treating sustainability holisti-

cally; previous research has although highlighted the importance of connecting sustainability

pillars to increase acceptance within organizations (i.e., connecting environmental and social-

oriented actions with economic gains) or reduce negative spillover effects from one pillar to

another (Dao et al., 2011; Galaz et al., 2021; Porter & Kramer, 2011). For instance, Maret et al.

(2013) highlight based on an example of environmentally friendly bypass systems in long-haul

trucking that economic benefits positively influence the use of the system while environmental

benefits do not. Hedman and Henningsson (2016) identified the same connection on an organi-
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zational level, by presenting the case of an organization that ignited its transformative journey

towards integrating DT and sustainability by coupling environmental benefits with economic

gains. Porter and Kramer (2011) summarizes the concept under the term shared value which

connects economical gains with environmental and social sustainability. However, most pre-

vious research articles in the IS research community focused on one pillar, thus failing to rec-

ognize the positive effects that arise from an interlinked response (Dao et al., 2011). Therefore,

the second challenge focuses on maximizing the connection between economic, social, and en-

vironmental sustainability.

Third, research at the intersection of sustainability and DT requires actionable practices that ed-

ucate organizations on designing DT to foster sustainable development (Dennehy et al., 2023;

Pappas et al., 2023). Actionable practices bridge the gap between research and practice by pro-

viding artifacts that can be readily employed within real-world scenarios. They can enable

individuals to shape the sustainability of an organization (El Idrissi & Corbett, 2016). Further-

more, actionable practices tailored to the intersection of DT and sustainability can facilitate

virtuous cycles whereby the accomplishment of a single project that combines DT and sus-

tainability objectives leads to the emergence of additional projects with similar objectives, as

evidenced by (Hedman & Henningsson, 2016). This self-reinforcing interplay ignited by suc-

cessful projects is well established in IS research. For instance, when analyzing the implemen-

tation of enterprise resource planning systems, Akkermans and Van Helden (2002) identified a

reinforcing loop in which a successful project promotes a spiraling behavior toward the goal of

implementing and leveraging an enterprise resource planning system (e.g., Akkermans et al.,

2021; Currie et al., 2022). Chatterjee and Sarker (2024) adapted this concept to the interplay

of DT and sustainability, calling for more research articles that explore the positive reinforce-

ment mechanism. However, the IS discipline has predominantly focused on building theories

and concepts describing this intersection rather than providing practical solution artifacts for

specific applications (Gholami et al., 2016; Malhotra et al., 2013). Simultaneously, few research

articles provide generalizable examples for the intersection of DT that are applicable in differ-

ent contexts (e.g., for multiple sectors) (Guandalini, 2022). Therefore, the third challenge is to

offer actionable practices of successful projects at the intersection of DT and sustainability that

are valid for various application contexts.

In conclusion, this doctoral thesis contributes to the holistic sustainable development of organi-

zations by addressing three challenges that arise from the intersection of DT and sustainability
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alongside the three response mechanisms. The specific challenges are: (1) Consider the three

pillars of sustainability, (2) leverage the connection between the three pillars of sustainabil-

ity, and (3) provide actionable practices for sustainable development. Hence, this thesis offers

organizations building blocks – i.e., theoretically grounded research artifacts that provide or-

ganizations with generalizable yet actionable guidelines – to promote sustainability in organi-

zations as a holistic concept (i.e., economic, environmental, social) while integrating multiple

sustainability pillars.

1.2 Structure of the Thesis and Overview of Embedded Research Ar-

ticles

This doctoral thesis is cumulative, consisting of six research articles structured along a two-

dimensional grid. The axes of this grid are given by the different types of interplay of DT and

sustainability on the y-axis and the three challenges described in section 1.1 on the x-axis. For

the y-axis, Research Article #1 in chapter 2 formulates three response mechanisms to balance

tensions that arise from the interplay of DT and sustainability. In line with Research Article #1,

this thesis defines a response mechanism as a value-adding interplay of DT and sustainabil-

ity actions blending or balancing the competing demands of tensions rooted in the interplay.

The first response mechanism (i.e., "Leverage DT to enhance sustainability actions") describes the

use of DT to enhance the sustainability of organizations. Complementary, the second response

mechanism (i.e., "Exploit sustainability to sharpen digital actions") focuses on integrating sustain-

ability into the design, development, and deployment of DT projects. Finally, the last response

mechanism (i.e., "Integrate DT and sustainability to provide mutual benefit") builds upon the com-

bination of the first and second response mechanisms by focusing on the sustainability of the

DT process itself and its outcome (i.e., sustainability impact). The three response mechanisms

are vertically intersected with the three challenges identified in section 1.1, resulting in a nine-

cell grid. Each cell represents a specific challenge-response combination which is justified by

prior research. The structure of this thesis follows this layout (see figure 1.1), outlining the valu-

able contributions of each research article regarding the challenges across the three response

mechanisms.

In this context, section 2.1 which includes Research Article #2 sheds light on the practical

potential of DT for advancing sustainability. Research Article #2 analyses use cases of Artifi-

cial Intelligence for Sustainability (AI4S) from research and practices based on a newly derived



7

R
es

po
n

se
 m

ec
h

an
is

m
s 

at
 th

e 
in

te
rp

la
y 

of
 D

T
 

an
d 

su
st

ai
n

ab
il

it
y

R
es

ea
rc

h
 A

rt
ic

le
 #

1 
|U

nd
er

st
an

di
ng

 T
en

si
on

s 
T

ha
t I

nh
ib

it
 a

nd
 

D
ri

ve
 th

e 
Tw

in
 T

ra
ns

fo
rm

at
io

n
Challenges at the interplay of DT 
and sustainability

L
ev

er
ag

e 
th

e 
co

nn
ec

ti
on

 
be

tw
ee

n 
th

e 
th

re
e 

pi
ll

ar
s 

of
 s

us
ta

in
ab

il
it

y

C
on

si
de

r 
th

e 
th

re
e 

pi
ll

ar
s 

of
 s

us
ta

in
ab

il
it

y

P
ro

vi
de

 a
ct

io
na

bl
e 

pr
ac

ti
ce

s 
fo

r 
su

st
ai

na
bl

e 
de

ve
lo

pm
en

t

XXX

Research Article #2 | Navigating AI for
Sustainability in Organizations: Untangling 
Organizational, Sustainable, and Technical 
Characteristics

Leverage DT to
enhance 
sustainability 
actions

XX

Research Article #3 | Towards 
Sustainability of AI: Identifying Design
Patterns for Sustainable Machine Learning 
Development

Exploit
sustainability to 
sharpen digital 
actions

XX

Research Article #4 | Linking 
Sustainability Dimensions in AI 
Governance: A Review and Collection of
Governance Mechanisms

XX
Research Article #5 | Punctuality 
Predictions in Public Transportation: 
Quantifying the Effect of External FactorsIntegrate DT and 

sustainability to 
provide mutual
benefit

XX
Research Article #6 | Understanding
Information Needs for Seamless Intermodal 
Transportation: Evidence From Germany

Figure 1.1: Assignment of the research articles to the topics structuring this doctoral thesis

taxonomy that combines the tripartite structure of organizational embedding, sustainability

pillars, and technical requirements. The results are reusable AI archetypes that foster the inte-

gration of multiple sustainability pillars and integrate organizational and technical character-

istics. This approach goes beyond the predominant focus on environmental sustainability (Veit

& Thatcher, 2023) and purely technical perspectives (El Idrissi & Corbett, 2016), demonstrating

that IS research can achieve a broader impact on sustainability by leveraging the connections

between the three pillars (Dao et al., 2011).

Beyond the potential of DT for sustainability outlined in section 2.1, the section 2.2 includes Re-

search Articles #3 and #4 that show how organizations can Exploit sustainability to sharpen digital

actions. These articles focus specifically on AI, as AI stands out as one of the most promising

technologies in the domain of DT for sustainability (Crome et al., 2024a). However, it simul-

taneously has significant negative consequences that must be carefully managed (Tomaev et
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al., 2020; van Wynsberghe, 2021). In light of these dual impacts, the following two articles

delve into mitigating the unintended negative consequences of AI. Research Article #3 intro-

duces design patterns for the sustainable development of Machine Learning (ML) algorithms,

addressing not only each pillar of sustainability, but also providing actionable strategies for or-

ganizations (Nishant et al., 2020; Veit & Thatcher, 2023). Research Article #4 examines existing

AI governance frameworks and proposes an extension to connect social, environmental, and

economic sustainability. This article offers a comprehensive approach to integrate sustainabil-

ity throughout the AI lifecycle and connects multiple sustainability pillars.

Finally, section 2.3 contains Research Articles #5 and #6, that explores the mutually beneficial

interplay between DT and sustainability. Research Article #5 provides a practical application

of one of the archetypes identified in section 2.1 by employing the Cross Industry Standard

Process for Data Mining (CRISP-DM) research framework to develop ML algorithms that in-

corporate external factors to predict public transportation punctuality. Specifically, it uses a

technique called Automated Machine Learning (AutoML), which reduces the entry barrier for

developing ML algorithms and enhances environmental efficiency. The resulting ML algorithm

enables transportation providers to create more reliable systems, thus promoting sustainability

in urban areas. Reliable public transportation can significantly benefit low-income individuals,

who disproportionately rely on it for commuting. In addition, it can improve the economic

position of the transportation provider. Research Article #6 presents a practical example of the

interplay of DT and sustainability within the context of intermodal mobility. It introduces a

novel concept to identify information needs for intermodal journeys, thereby enabling more

people to adopt sustainable intermodal mobility solutions. It specifically leverages the con-

cept of sustainability to enhance the provisioning of information in digital applications, while

relying on digital technologies to display different information throughout different journey

phases. Hence, Research Article #6 leverages a sustainability lens and digital technologies to

foster sustainable development.

In summary, each research article with the exemption of Research Article #1 is categorized

into one of the response mechanisms to integrate sustainability and DT, as well as one or more

of the three challenges. The categorization of each research article is displayed in figure 1.1. By

providing a theoretical lens for the interplay of DT with sustainability (see, Research Article #1)

and addressing the three challenges for each response mechanism, this thesis provides valuable

theoretical and practical contributions for integrating sustainability and DT; ultimately deliv-
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ering building blocks to foster sustainable development driven by organizations.

Following the research overview, the main body of this doctoral thesis is concluded by chap-

ter 3, which encapsulates the main findings of chapter 2, addresses the limitations of the current

study, and outlines prospects for future research. The bibliography follows the chapter. Finally,

this thesis concludes with an appendix that includes the list of discussed research articles (see

appendix A.1), a detailed account of my contributions (see appendix A.2), and the research

articles itself (see appendix A.3 - appendix A.8).
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2 Research Overview

Providing a structure for the research articles in this doctoral thesis, Research Article #1 exam-

ines how organizations can balance tensions arising from the interplay of DT and sustainability.

While the remaining articles focus on DT projects and sustainability, this paper takes a broader

perspective, offering a theoretical lens on the interaction between DT and sustainability at an

organizational level.

Research Article #1: Examining TT to Balance Digital Transformation and Sustainability

Transformation Tensions

DT and Sustainability Transformation (ST) bring about profound changes in society and in-

dustries, but are often considered separate processes due to their differing key characteristics.

On the one hand, DT refers to the adoption and use of digital technologies through which an

organization redefines its value creation, value proposition, and identity (Hanelt et al., 2021;

Vial, 2019; Wessel et al., 2021). On the other hand, ST focuses on the development and ex-

ploitation of processes, products, and services that promote the sustainable development of

organizations (Dorninger et al., 2020; Sancak, 2023). Although its interplay is often analyzed

from a positive point of view, it has been shown that the simultaneous realization of DT and ST

creates tensions in organizations (e.g., Mishra et al., 2022), which are defined as contradictory

yet interrelated elements that exist simultaneously and persist over time (Smith & Lewis, 2011,

p. 382). Broadly speaking, this tension arises because (1) DT is primarily economically driven,

whereas ST follows environmental and social goals (Chatterjee & Sarker, 2024), and (2) digital

technologies can potentially cause environmental and social problems (van Wynsberghe, 2021;

Veit & Thatcher, 2023).

Against this background, the recently emerging concept of TT offers a potential solution by

combining digital and sustainability efforts on equal footing, thereby yielding synergies and

exploiting economic advantages (Christmann et al., 2024). To better understand how TT can

balance the tensions at the interplay of DT and ST, Research Article #1 first delves into a deeper

understanding of the underlying tensions. This approach bridges the well-known DT tensions

(e.g., Danneels & Viaene, 2022; Soh et al., 2023; Wimelius et al., 2021) with the relatively unex-

plored ST tensions. Second, while TT can be pivotal for exploiting synergies between DT and

ST, little is known about response strategies to manage tensions. With this in mind, Research

Article #1 formulates the following research question: Which tensions occur due to the interplay of

DT and ST in organizations?
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To identify tensions at the interplay of DT and ST, Research Article #1 employs a structured

literature review methodology (Wolfswinkel et al., 2013) and analyzes the results using para-

doxical tension theory (Smith & Lewis, 2011). To support the theory-based findings, 24 inter-

views with subject-matter experts were conducted, providing insights into managing different

DT and ST demands to balance possible tensions. The results reveal three relevant TT response

mechanisms.

Research Article #1 has three major artifacts. First, it summarizes existing academic research

on the interplay of DT and ST in three waves. Figure 2.1 displays said interaction. The figure

highlights the development in the academic discourse from isolated streams at the beginning

(e.g., Matt et al., 2015) to occasional interactions (e.g., Loeser, 2013), and finally to the complete

integration as postulated in more recent research endeavors (e.g., Christmann et al., 2024).
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Figure 2.1: Interplay of Digital and Sustainability Transformation in Different Waves of Academic Research

Furthermore, figure 2.1 highlights the scope of this research article, focusing on tensions that

are affected or induced by DT and ST. Based on the results of the structured literature review,

the research article provides an overview of the resulting tensions as its second artifact. The

tensions are further classified by three effects: arise, shift, and reinforce. Arising tensions are

newly created through the interaction of DT and ST. For instance, if one transformation intro-

duces a new demand that competes with an existing demand in another transformation, the

tension arises. In contrast, shifting tensions change their focal points but are already present in

both single transformations. The focal point changes because the integration of the two trans-

formations causes the sub-goals, namely DT and ST goals, to be adjusted and/or the competing

demands to change as a result of the integration. Reinforcing tensions are already present in

DT and ST but are intensified by the interplay between the transformations. Table 2.1 shows

the identified tensions with descriptions.

Finally, to facilitate the management of tensions in organizations, Research Article #1 investi-
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Table 2.1: Digital Transformation and Sustainability Transformation Tensions

Tension according
to Smith and Lewis
(2011)

Tension is affected by
the interplay of DT and
ST

Description

Performing ten-
sions

Societal value vs. orga-
nizational performance

Balancing DTs’ focus on new value creation often leveraged for economic
value creation with STs’ focus on societal value is predominantly
considered as opposition to economic value.

Tension exists in ST and arises due to the competing demands between
DT and ST.

Radical innovation vs.
incremental innovation

Balancing the need for both transformations to introduce groundbreaking
technological or sustainability-oriented changes with gradual and
continuous improvements reaching short-term goals.

Tension exists in DT and ST and is reinforced due to the competing de-
mands between DT and ST.

Organizing tension Competition vs. collabo-
ration

Balancing the drive for digital and sustainability innovation and a related
competitive advantage based on internal knowledge with the necessity
for cooperation, collective actions, and digital sustainability knowledge
sharing.

Tension exists in DT and ST and is reinforced due to the competing de-
mands between DT and ST.

Belonging tension
Personal employee iden-
tity vs. organizational
identity

Balancing sustainability and digitalization values and beliefs of employees
with organizational values.

Tension exists in DT and ST and shifts due to the competing demands
between DT and ST.

Learning tension Depth of competence vs.
breadth of competence

Balancing the specific in-depth capabilities of both transformations with
wide-ranging sustainability and digital knowledge.

Tension exists in DT and ST and shifts due to the competing demands
between DT and ST.

gates possible responses in the realm of TT, which involves the conscious integration of DT

and ST as means and ends on equal footing. Applying TT helps to find integrated DT and ST

responses to balance competing demands in virtuous organizational cycles. The responses are

aggregated into TT response mechanisms, describing the value-adding interplay that blends

digitalization and sustainability to balance tensions affected by DT and ST. Each response

mechanism was derived from interviews with subject-matter experts.

The first TT response mechanism, namely leveraging digitalization to enhance sustainability

actions, is characterized by the empowering effect of data and digital technologies in facili-

tating sustainability efforts. This response mechanism relies on existing knowledge from re-

search areas such as green IS (e.g., Melville, 2010) to consciously use digital technologies to

uncover new value paths focusing on sustainability. Thus, organizations leverage DT (e.g.,

using blockchain technologies to track the supply chain) to positively impact ST actions (e.g.,

identifying and subsequently reducing the emissions of scope three). An example of this re-

sponse mechanism is the implementation of organizational-wide, centralized, and automated

reporting tools to enhance transparency in current sustainability initiatives, thereby balancing
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the tension between societal value and organizational performance.

The second TT response mechanism, namely exploiting sustainability actions to sharpen digi-

talization, is characterized by the strengthening effect of purpose and stakeholder engagement

in leveraging the implementation of digital initiatives. In this approach, organizations’ ST goals

(e.g., improving employees’ mental health) balance and influence DT actions (e.g., introducing

measures against techno-stress when new collaboration software is introduced). An example of

this response mechanism is the integration of sustainable development patterns in DT projects,

as described in Research Articles #3 and #4. This approach can balance the tension between

societal value and organizational performance, as most environmental or social patterns also

influence economic performance (see Research Article #3).

Finally, the last TT response mechanism, namely establishing integrated digital sustainability,

stands out due to the integration of digital and sustainability changes in value creation (e.g.,

internal processes) and resources (e.g., IT infrastructure or employees). This response mecha-

nism builds upon existing knowledge from TT research (e.g., Breiter et al., 2024; Christmann et

al., 2024). Organizations blend DT with ST actions by integrating the goals of both transforma-

tions, thereby developing and addressing new TT goals, such as increasing the penetration of

sustainable information technology infrastructure (Breiter et al., 2024). While digital technolo-

gies can enhance an organization’s sustainability performance, it is essential to consider the

sustainability of these digital technologies themselves to balance the tension between societal

value and organizational performance (van Wynsberghe, 2021). An example of this response

mechanism is leveraging managers as TT role models to support widespread adoption within

the organization, thereby balancing the tension between personal identity and organizational

identity.

Hence, by applying a tension lens to investigate which conflicting demands exist between DT

and ST, Research Article #1 provides response mechanisms for how organizations can balance

the resulting tensions within TT. The uncovered tensions facilitate the understanding of each

individual transformation (i.e., DT or ST) in the context of the other transformation, as well

as the interplay of both, setting the foundation for exploring integrated tension management.

Furthermore, the article follows the call for further research by Vial (2019) investigating how

organizations can balance the tension between organizational performance and ethics. Unlike

Vial (2019), this article treats sustainability as a holistic concept encompassing social, environ-

mental, and economic pillars. Hence, it demonstrates how organizations can actively balance



CHAPTER 2. RESEARCH OVERVIEW 14

the positive and negative impacts of the interplay between DT and sustainability while treating

sustainability as a holistic concept.

2.1 Leveraging DT to Enhance Sustainability Actions

The positive impact of DT on sustainability is evidenced by numerous examples (Loeser, 2013;

Melville, 2010). In particular, one of its prominent technologies, AI, offers significant potential

(Schoormann et al., 2023; Vinuesa et al., 2020). However, to harness this potential, organizations

must address several challenges, two of which are examined in this section. First, previous re-

search on the positive interplay of AI and sustainability has primarily focused on the technical

perspective. Yet, to integrate AI4S effectively within organizations, it is essential to understand

the tripartite structure that includes organizational embedding, technical capabilities, and sus-

tainability outcomes (Di Vaio et al., 2020; Nishant et al., 2020). Second, organizations require

specific examples that integrate multiple sustainability pillars. Research Article #2 presented in

this section provides solutions to address these challenges, thereby leveraging DT for sustain-

ability.

Research Article #2: Navigating AI for Sustainability in Organizations: Untangling Organi-

zational, Technical, and Sustainable Characteristics

In the pursuit of the Sustainable Development Goals (SDGs), the role of digital technologies,

particularly AI, has become increasingly crucial (Kar et al., 2022; Tseng & Lin, 2024). Orga-

nizations leveraging AI to contribute to the SDGs are expected to accelerate and broaden the

impact on sustainability (Kopka & Grashof, 2022). AI has the potential to mitigate 5-10% of

global greenhouse gas emissions by 2030 (Forum, 2024), and its positive impact on reducing

inequality is expected to continue to grow between 2021 and 2030 (Nahar, 2024). AI is thus po-

sitioned as a key enabler of economic, environmental, and social sustainability, encapsulated

in the concept of AI4S (Frank, 2021; Vinuesa et al., 2020). To achieve the SDGs, it is essential to

understand and disseminate organizational adoption patterns and technical value-generating

mechanisms (Enholm et al., 2022). Hence, there is a need for academia to analyze the triad of

organizational embedding, sustainability and technology. However, previous research primar-

ily focuses on the combination of technical characteristics (e.g., algorithms and data sources)

and SDGs, thus excluding an organizational perspective that limits the needed adaptability for

organizations (e.g., Cowls et al., 2023; Vinuesa et al., 2020). Leaving a use case-driven examina-

tion of the connection between a technical, organizational, and sustainable perspective remains

understudied (Di Vaio et al., 2020; Nishant et al., 2020). Therefore, Research Article #2 of this
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doctoral thesis poses the research question: How can AI-based use cases be structured and concep-

tualized to integrate organizational, technological, and sustainability perspectives to achieve sustainable

development?

To address this question, a four-step process was employed. Initially, a detailed introduction

and review of a sample of the multivocal literature was conducted according to Garousi et al.

(2019). Subsequently, the AI4S taxonomy was developed, comprising three layers, ten pillars,

and 47 characteristics Nickerson et al. (2013). Subsequently, the literature sample was clustered

using the AI4S taxonomy through hierarchical and partitioning-based clustering methods, re-

sulting in the identification of seven AI4S archetypes. Lastly, these seven archetypes were

synthesized into a complexity positioning roadmap Hunke et al. (2022), which encapsulates

the tripartite structure of the taxonomy and underscores the complexity of various archetypes

within an organizational context.

Following the methodology described, this article derived three main results. First, the AI4S

taxonomy which structures the research space along three pillars (i.e., technology, organization,

and sustainability) adopted from the well-established Technology-Organization-Environment

(TOE) framework. While the TOE-framework is commonly used to interpret the adoption of

technologies and innovations from a socio-environmental and technical context (Chatterjee et

al., 2021), recent works have moved to substitute the conventional view on environmental fac-

tors with a holistic sustainability definition (Dadhich & Hiran, 2022).

In line with the adapted TOE framework, Research Article #1 describes the three pillars of

technology, organization, and sustainability as separate pillars that interact in the adaptation

of AI4S within organizations.

Based on the classification and analysis of 158 AI4S use cases, the article presents seven AI4S

archetypes that outline AI4S mechanisms. Each archetype represents a distinct set of techni-

cal, organizational, and sustainable characteristics and is described by two exemplary AI4S

use cases. Hence, the archetypes form a predominant compilation of characteristics for the de-

sign of future or the evaluation of existing AI4S use cases. The complete list of archetypes is

presented in table 2.2.
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Table 2.2: Overview of the AI4S Archetypes

Archetype Description Defining Characteristics Reference case

1 | Understand and
Verify Sustainability
Claims

Use of NLP to extract, aggregate, and validate sus-
tainability claims from corporate reports and regula-
tory guidelines, enhancing corporate efficiency and
regulatory enforcement.

Technical: {unsupervised; NLP}
Organizational: {Support Functions}
Sustainability: {Environmental; SDG 9; SDG 12; SDG
13}

Extraction of corporate sustainability efforts from
ESG reports for sustainability auditing (Schimanski
et al., 2023).

2 | Acquire and
Determine
Structured
Sustainability Data

Application of advanced technologies such as com-
puter vision to transform complex and unstructured
data (e.g., satellite images) into structured sustain-
ability insights.

Technical: {unstructured data; supervised}
Organizational: {external; front-end}
Sustainability: {Environmental; SDG 11; SDG 15}

Early-stage detection of wildfires in Australia
through the analysis of hyperspectral images
(Thangavel et al., 2023).

3 | Provide
Individual Advice
for Social Impact

Use of NLP and generative AI to provide personal-
ized social impact strategies to companies and di-
rect, individualized advice to consumers, fostering
enhanced social responsibility.

Technical: {unstructured; prescriptive}
Organizational: {AI-Performed; front-end}
Sustainability: {Economic; Social; SDG 10}

Extraction of relevant data from customer emails
and automatic formulation of an individual re-
sponse (Olujimi & Ade-Ibijola, 2023).

4 | Predict Impact
on Sustainability

Utilization of ML on tabular data to accurately pre-
dict the sustainability impact of firm operations, of-
fering impact analysis on previous inaccessible data.

Technical: {Tabular ML; predictive}
Organizational: {AI-Supported; back-end}
Sustainability: {Environmental; SDG 11; SDG 12}

Quantitative prediction of municipality solid waste
for more efficient planning of waste management in
Johannesburg (Ayeleru et al., 2021).

5 | Provide
Optimization
Recommendations
for Sustainability in
Operations

Use of tabular ML to provide optimizations for the
sustainability impact of operations to enhance the
overall sustainability performance incrementally.

Technical: {supervised; Tabular ML}
Organizational: {AI-Supported; front-end}
Sustainability: {Environmental; SDG 11}

Decision model for economically and environmen-
tally optimized logistics (Jeberg et al., 2021).

6 | Generate
Sustainability
Process, Product,
and Service
Alternatives

Employment of generative AI models to design and
propose sustainable alternatives for processes, prod-
ucts, and services.

Technical: {unstructured; generative AI}
Organizational: {AI-augmented}
Sustainability: {Economic; Environmental; SDG 12}

Integration of AI-proposed product and model de-
signs for a more efficient automotive design process
at Toyota Research (Mast, 2023).

7 | Evaluate and
Automate
Sustainability
Actions

Application of tabular ML to autonomously evalu-
ate the sustainability impact of process redesign op-
tions and selecting and implementing the optimal
policy.

Technical: {Tabular ML; Prescriptive}
Organizational: {Front-end}
Sustainability: {Economic; Environmental}

Analytical and mathematical models for sustainabil-
ity assessment and improvement of supply chains
(Vivas et al., 2020).
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The distinct features of each archetype (e.g., data, algorithm, or business function) and nu-

merous examples from the literature sample provide a valuable link to practice and can drive

discussions with practitioners. However, to develop a more detailed understanding of how the

seven archetypes relate to each other, this article developed a complexity positioning roadmap

following the example of Hunke et al. (2022). The positioning in one artifact synthesizes the tri-

partite structure of the layers, thus aggregating the results in an accessible form (see Figure 2.2).

Organizational 
complexity (low)

Organizational
complexity (high)

Technical 
complexity (high)

Technical 
complexity (low)

Social

[1] Understand and Verify Sustainability Claims
[2] Acquire and Determine Structured Sustainability Data
[3] Provide Individual Advice for Social Impact
[4] Predict Impact on Sustainability
[5] Optimize Operational Sustainability
[6] Generate Sustainability Process Alternatives
[7] Evaluate and Automate Sustainability Actions

Economic Environmental

Legend

Figure 2.2: The AI4S Complexity Map

Overall, Research Article #2 provides the missing link between organizational adoption pat-

terns, technical characteristics, and sustainability impact, by providing the AI4S taxonomy, a

tripartite framework (i.e., organizational, technical, and sustainability perspective) that helps

practitioners understand and differentiate AI4S use cases, AI4S archetypes, and the complexity

map. Thereby providing researchers and practitioners with a novel overview and a systematic

understanding of AI4S in an organizational context.

2.2 Exploit Sustainability to Sharpen Digital Actions

Organizations must not only navigate the challenges of leveraging DT for sustainable devel-

opment, but also address the complexities of integrating a sustainability perspective into the

design, development, and implementation of DT projects. Although this integration has the
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potential to enable a sustainable future (Pappas et al., 2023), it also presents significant chal-

lenges for organizations (Veit & Thatcher, 2023). This is particularly pertinent for AI, as the

examination of its negative implications is still in its early stages (van Wynsberghe, 2021), re-

vealing conflicting mechanisms (Leuthe et al., 2024). Consequently, the two research articles

in this section focus on the integration of sustainability within the AI lifecycle, addressing two

specific challenges. First, organizations must understand how to integrate sustainable prac-

tices in each pillar of sustainability (Dennehy et al., 2023; Shneiderman, 2021). Second, given

their limited capacities, organizations must implement mechanisms that foster virtuous cycles

(Hedman & Henningsson, 2016).

Research Article #3: Towards Sustainability of ML – Identifying Design Patterns for Sus-

tainable Machine Learning Development

Research Article #3 focus goes beyond the positive impacts of DT on sustainability by actively

offering design patterns to improve the sustainability of ML development projects. ML as one

specific technology of DT can create value in various domains such as education, finance, and

manufacturing (Enholm et al., 2022; Kim et al., 2022). While there are ever-increasing efforts

to apply AI and ML for sustainable use, i.e., early detection of wildfires (Wanner et al., 2020)

or cancer (Schoormann et al., 2023), AI’s negative impacts on resource consumption, social in-

justice, or even human rights cannot be neglected anymore (Cowls et al., 2023; Dennehy et al.,

2023; Koniakou, 2023). Hence, the dark side of AI has become more apparent (Mikalef et al.,

2022), leading to calls for reserach on sustainable AI (SAI) (Schoormann et al., 2023; Schwartz et

al., 2020; Tornede et al., 2022). Analogous to the research streams green IS and green IT (Veit &

Thatcher, 2023), SAI describes the sustainable design, development, and use of AI throughout

its entire life cycle (van Wynsberghe, 2021).

The previous work can be classified into three streams. First, a majority of the articles have

focused on solutions to reduce the energy consumption of AI development and ML models

and, therefore, the environmental impacts (e.g., Patterson et al., 2022; Veit & Thatcher, 2023;

Verdecchia et al., 2023). Second, recent publications have focused on social and ethical aspects

of ML as well as increasing fairness during ML development to foster responsible ML (e.g.,

Dennehy et al., 2023; Ferrara, 2023; Mikalef et al., 2022). Third, an increasing number of papers

are focusing on the challenges that ML poses from a governance perspective (Koniakou, 2023;

Papagiannidis et al., 2023; Verdecchia et al., 2023). In general, previous work is fragmented

across several streams, leading to overlapping recommendations and difficulties, especially for
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practitioners, to comprehensively assess possible measures toward more sustainable ML. At

the same time, there is an increasing demand as well as calls for research to shift from pure

principles to comprehensive design approaches and implementable best practices for sustain-

able AI (e.g., Dennehy et al., 2023; Pappas et al., 2023; Shneiderman, 2021). Thus, this article

seeks to answer the following research question: What are design patterns that ML development

stakeholders can incorporate to increase the sustainability of the ML development process?

Therefore, this article applies the Design Science Research (DSR) paradigm to develop the Sus-

tainable Machine Learning Design Pattern Matrix (SML-DPM) in close alignment with four

key requirements based in the literature (Hevner et al., 2004; Peffers et al., 2007). First, a set of

Design Patterns (DPs) was derived from 41 multivocal references. To evaluate and iterate on

these DPs, the article used the criteria developed by Sonnenberg and vom Brocke (2012). Thus,

the applicability and usefulness of the artifact was evaluated through focus groups and semi-

structured interviews with subject-matter experts. Finally, a developed web-based prototype

was leveraged to evaluate the intentions of users to apply the SML-DPM in three real-world

ML projects.

The result of the described methodology is the SML-DPM which is depicted in figure 2.3. To

promote the applicability of the SML-DPM in practical environments, the artifact was built

on two research streams. First, the y-axis is oriented along the Environmental, Social, and

Governance (ESG) concept. Second, the x-axis represents the ML life cycle, anchored in the four

distinct phases of ML development. The results are 35 DPs are divided into the environmental

dimension which encompasses 14 DPs, the social dimension 12 DPs, and the governmental

dimension 9 DPs. Each DP is based on the principle of providing tangible proven solutions to

recurring problems to ensure the sustainability of ML.

Moreover, based on a demonstration in three case studies, the SML-DPM’s ease-of-use, use-

fulness, and behavioral intention in line with the Technology Acceptance Model (TAM) were

evaluated. Within the case study, the participants were asked to use the SML-DPM to identify

areas of improvement for the of their current ML projects. The feedback on the SML-DPM was

predominantly positive across all three metrics. Participants in the case study were particu-

larly favorable to the statements relating to changes in behavioral intentions. The results in the

behavioral intention category underlined the articles’ idea that a set of comprehensible and ac-

tionable DPs can lead to a shift towards more sustainable ML development. Overall, the num-

ber of DPs that the teams plan to incorporate in the development process was 1.8 higher than
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Figure 2.3: The Sustainable Machine Learning Design Pattern Matrix

the number of employed DPs. In conjunction with the strong evaluation of the participants’

behavioral intention to continue using the artifact and to focus on ML development projects’

sustainability, confirmed that the SML-DPM is applicable in real-world environments.

In total, Research Article #3 contributes to previous research by bridging the gap between the

ESG sustainability concept and the end-to-end ML development process, unifying environ-

mental, social, and governance aspects into a single artifact. The artifact provides 35 DPs with

justificatory knowledge from expert insights, tailored to specific ML development phases and

stakeholders, and validated through naturalistic evaluations. These DPs offer standardized, ac-

tionable solutions to recurring problems in SAI, addressing algorithmic biases and promoting

responsible digital transformation. Extensive naturalistic insights from a web-based prototype

and three ML case studies highlight the importance of covering all sustainability pillars, de-

velopment phases, and stakeholders, and stimulate discussions on sustainable practices within

ML teams. The web-based prototype aids researchers and practitioners to integrate sustainable

practices, aligning with calls for actionable research in the field.

Research Article #4: Linking Sustainability Dimensions in AI Governance: A Review and

Collection of Governance Mechanisms

Research Article #4 also addresses the sustainability of AI, but shifts the unit of analysis from

design patterns and the development process to governance mechanisms and the entire AI
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lifecycle.

AI applications offer organizations numerous opportunities to refine their business models,

enhance products, optimize processes, access new markets, and increase revenue (Corpora-

tion, 2022; Maslej et al., 2024). Yet as described in the previous Research Article, AI can also

impact the social, environmental, and economic sustainability of organizations and the soci-

ety (De Vries, 2023; Maslej et al., 2024; Sokalski et al., 2019). In response, various actors have

issued AI principles to guide the design, development, deployment, and operation of AI sys-

tems (Mäntymäki et al., 2023). However, these principles are often abstract and lack actionable

guidance, making implementation challenging for organizations (e.g., Georgieva et al., 2022;

Mäntymäki et al., 2022b). To address this issue, AI Governance (AIG) frameworks, consisting

of governance mechanisms (i.e., rules, practices, processes, and tools), ensure an organization’s

AI use aligns with its strategies and sustainability principles (Mäntymäki et al., 2022a).

While every governance framework addresses sustainability to some extent, the definition and

scope of sustainability varies significantly (Galaz et al., 2021). The most prominent research

stream on AIG focuses on the two objectives of trustworthy and responsible AI development

(Kaur et al., 2023; Lu et al., 2023). Both terms predominantly emphasize social sustainability

(i.e., fairness, explainability, transparency) and sometimes include either environmental (i.e.,

environmental well-being) or economic (i.e., organizational efficiency) sustainability (OECD,

2019; Owe & Baum, 2021). The NIST (2023) and OECD (2023) frameworks both extend their

focus toward a holistic sustainability scope that includes social, environmental, and economic

sustainability.

Despite the progress of these frameworks, they often neglect the interdependencies among the

three sustainability pillars (Galaz et al., 2021; Owe & Baum, 2021). For example, optimizing

AIs’ infrastructure costs (economic sustainability) might lead an organization to switch to a

cloud provider with higher greenhouse gas emissions per computing hour, thereby compro-

mising environmental sustainability. Conversely, this interdependency can also yield positive

outcomes. For example, reducing the volume of data to protect individual privacy (social sus-

tainability) simultaneously enhances environmental and economic sustainability by decreasing

computational requirements. Neglecting these interconnections can lead to additional sustain-

ability risks or missed synergies between the three pillars of sustainability (Hedman & Hen-

ningsson, 2016; Rohde et al., 2024).

Against this backdrop, Research Article #4 seeks to conduct a thorough review of existing gov-
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ernance frameworks through a sustainability lens and identifies governance mechanisms that

integrate multiple sustainability pillars. This leads to the following research question: How

can AIG integrate and balance social, environmental, and economic sustainability throughout the AI

lifecycle?

To address this research question, Research Article #4 conducts two Multivocal Literature Re-

views (MLRs). The first MLR identified AIG frameworks by encompassing a wide range of

sources, including blogs, white papers and websites, thus capturing current practices and prac-

tical perspectives that have been often overlooked (Garousi et al., 2019). These results were

then analyzed through a sustainability lens. The second MLR, conducted according to Webster

and Watson (2002), Kitchenham (2004), and Garousi et al. (2019), focuses on articles describ-

ing governance mechanisms targeted at least one sustainability dimension. The articles were

analyzed using open, axial, and selective coding (Corbin & Strauss, 2008; Gioia et al., 2013) to

derive the final set of governance mechanisms for the Sustainable AI Governance Framework

Extension (SAIG-FE).

As explained previously, the results of this Research Article are twofold. The first part focuses

on the review of existing AIG frameworks through a sustainability lens, and the second in-

troduces the SAIG-FE. For the first part, the Research Article structures the trustworthy and

responsible AI requirements frequently leveraged in contemporary AIG research along the

three pillars of sustainability. This review yields three key insights into the state-of-the-art of

AIG frameworks.

First, the sustainability focus of AIG frameworks varies significantly, with most addressing so-

cial sustainability, but few integrating economic and environmental dimensions. Only NIST

(2023) and OECD (2023) include all three sustainability pillars, yet they mainly focus on social

sustainability, leaving economic and environmental aspects often under-researched (Galaz et

al., 2021; Owe & Baum, 2021). Second, ambiguity often surrounds which sustainability pillars

or AI lifecycle phases the mechanisms within AIG frameworks are intended to address. While

some frameworks emphasize monitoring SAI metrics during the deployment phase, the scope

and sustainability impact of these metrics are often unclear. Only OECD (2023) integrates both

lifecycle phases and risk categories into their governance approach. Finally, some analyzed

AIG frameworks address multiple sustainability pillars, but predominantly treat them as sep-

arate goals (e.g., Microsoft, 2022; NIST, 2023; Singapore, 2020). While frameworks like NIST

(2023) and OECD (2023) recognize the interactions among sustainability pillars, they lack spe-
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cific guidance on resolving tensions between them. An integration which preliminary infor-

mation systems research has highlighted as impactful to mitigate negative spillover-effects and

leverage positive synergies (Dao et al., 2011; Hedman & Henningsson, 2016; Porter & Kramer,

2011).

Second, the Research Article #4 presents the SAIG-FE an extension to existing governance

frameworks that includes AIG mechanisms that integrate multiple sustainability pillars in one

governance mechanism. Each governance mechanism is structured along the governance di-

mensions of information technology by Peterson (2004), the governance levels by Shneiderman

(2020), the three pillars of sustainability (Elkington, 1997; Purvis et al., 2019) and the adopted

AI lifecycle phases according to the (OECD, 2019). The results are displayed in table 2.3.

Table 2.3: The SAIG-FE

Structural

Organization SO1 Establish SAI Oversight Committee x

Organization SO2 Define SAI Enablers and Advisors x

Team ST1 Assign SAI Roles and Responsibilities x

Team ST2 Establish Human Oversight in Operations x x

Relational

Organization RO1 Develop AI and SAI Literacy x

Organization RO2
Reduce the Barriers to Data Access and AI
Development

x

Organization RO3
Promote SAI Development through Leadership
Commitment and Culture

x

Organization RO4
Collaborate with the SAI Community to
Leverage External Expertise

x

Team RT1
Publish Sustainability Reports and Technical
Artifact Descriptions

x x

Team RT2 Assemble Diverse Teams x

Team RT3
Integrate Affected Stakeholder in the AI
Development Process

x x x x x x

Governance
Dimension

Governance
Level

ID Governance Mechanism
AI Development Lifecycle1

0 1 2 3 4 5 6

Continued on next page



CHAPTER 2. RESEARCH OVERVIEW 24

Table 2.3: The SAIG-FE (Continued)

Procedural

Organization PO1 Develop a Strategy for SAI development x

Organization PO2
Create Common Terms and Consistent
Documentation

x x x x x x x

Organization PO3
Establish Tooling and Infrastructure for SAI
Practices

x x x x x x x

Organization PO4
Analyze and Optimize Infrastructure for AI
Development and Inference

x x x x

Organization PO5
Develop a Standardized Set of Sustainability
Definitions and KPIs

x

Organization PO6 Establish Continuous Sustainability Monitoring x x x x x x x

Organization PO7 Review and Audit AI Systems x x x

Team PT1 Assess Sustainability Impact of AI Systems x x x x

Team PT2 Derive Tangible Sustainability Requirements x

Team PT3
Pre-Select AI Models Based on Sustainability
Impact

x

Team PT4
Optimize Data Collection and Usage for
Sustainability

x

Team PT5 Optimize AI Models For Sustainability x x x

Team PT6 Utilize Explainable AI in Development x

Team PT7
Integrate Transparency and Explainability in AI
System User Interfaces

x x

Team PT8
Implement Feedback Mechanism for AI System
Users

x x x

Team PT9 Ensure Sustainability within the AI Supply Chain x x x x x

Governance
Dimension

Governance
Level

ID Governance Mechanism
AI Development Lifecycle1

0 1 2 3 4 5 6

1 0 – Organizational Embedding; 1 – Planning and Design; 2 – Data Collection and Processing; 3 – Model Building

and Interpretation; 4 – Verification and Validation; 5 – Deployment; 6 – Operation and Monitoring

This Research Article makes two significant contributions. First, it analyzes the sustainabil-

ity orientation of multiple AIG frameworks, revealing that most frameworks focus on a single

dimension or link social sustainability with either environmental or economic aspects, with

OECD (2023) and NIST (2023) being notable exceptions. However, these frameworks fail to

address the interconnections between sustainability dimensions, underscoring the need for a

unified framework extension. Second, it offers a comprehensive review of AIG mechanisms

that impact multiple dimensions of sustainability, culminating in the SAIG-FE. This framework

integrates mechanisms across the AI lifecycle, IT governance dimensions, and AI governance

levels, providing practitioners with a structured approach to incorporating sustainability into

AIG efforts. By emphasizing the interconnections between sustainability dimensions, this ap-
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proach aims to mitigate negative spillover effects and leverage mutual reinforcement. Unlike

Research Article #3, which focuses on design patterns for the development process, this article

extends the scope to include governance mechanisms that span the entire AI lifecycle. It en-

compasses measures targeting the organization, as well as those preceding and succeeding the

development process. Additionally, rather than treating each sustainability pillar separately,

this Research Article emphasizes the connections between multiple pillars.

2.3 Integrate DT and Sustainability to Provide Mutual Benefits

The third response mechanism discussed in this section builds upon the combination of the

first (see section 2.1) and second response mechanisms (section 2.2) by focusing on both the sus-

tainability of the DT process itself and its outcomes (i.e., sustainability impact). This approach

integrates DT actions with sustainability goals, fostering the development of new values. In

this line, Research Articles #5 and #6 of this doctoral thesis offer practical examples of how DT

and sustainability can be integrated to provide mutual benefits. Both research articles focus on

decarbonizing road transportation by improving mobility reliability.

Research Article #5: Punctuality Predictions in Public Transportation: Quantifying the Ef-

fect of External Factors

Research Article #5 of this doctoral thesis examines the application of DT within the realm of

public transportation. Specifically, it operationalizes archetype 5, "Provide Optimization Rec-

ommendations for Sustainability in Operations," as identified in Research Article #2. By apply-

ing the mechanisms discussed to the public transportation context, Research Article #5 offers

a practical illustration of how DT can be utilized to promote sustainability in urban environ-

ments.

Urban regions face increasing challenges in providing efficient and sustainable public trans-

portation services. The growing urban population and the demand for mobility services con-

tribute to congestion, accidents, and pollution. Consequently, Batterbury (2003) and Liotta et al.

(2023) and others have concluded that sustainable urban development in terms of social wel-

fare and economic growth is incompatible with the continuous increase in the use of private

vehicles. As a result, cities worldwide are advocating more sustainable transportation alterna-

tives (Simlett & Atalla, 2019). To address these challenges, public transportation services must

be optimized to offer efficient, reliable, and sustainable mobility solutions. Local public trans-

portation, in particular, can significantly reduce emissions, prevent accidents, and democratize
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mobility (TorreBastida et al., 2018; Yang et al., 2015). Previous research underscores the impor-

tance of punctuality and arrival predictions in encouraging potential passengers to switch to

public transportation and enabling transportation providers to develop more reliable systems

(Ibrahim & Borhan, 2020; Olsson & Haugland, 2004).

Although numerous studies have investigated the effects of external factors, such as weather

and holidays, on public transportation (Liu et al., 2017; Oneto et al., 2018; Zakeri & Olsson,

2018), the applicability of these findings to tram-based mobility remains unclear. Mesbah et

al. (2015) and Zychowski et al. (2018) provide preliminary evidence but focus on either small

datasets or limited time periods. Consequently, a comprehensive analysis of a complete tram

network over multiple time frames and years has not yet been conducted. Furthermore, Re-

search Article #5 increases the granularity beyond daily or weekly weather aggregations for

weather features (Chen et al., 2004; Zakeri & Olsson, 2018) and addresses the call for further

research on the effect of holidays (Laifa et al., 2021). In summary, Research Article #5 aims

to quantify the impact of external factors on punctuality predictions in public transportation

services by answering the research question: How does enriching historical datasets with external

factors influence the performance quality of punctuality predictions in public tram transportation?

Research Article #5 addresses this research question by employing the CRISP-DM methodolog-

ical approach as delineated in Wirth and Hipp (2000). Utilizing this methodology, four state-of-

the-art ML models were implemented on different combinations of features aggregated from

historical train movements, weather, and holiday data to predict expected departure delays

with a time horizon of a few days, considering the limitations of small-scale weather projections

(Bauer et al., 2015; Jung et al., 2010). The article compares their performance in an empirical

case study to assess the impact of augmenting historical train movement data with additional

features. The historical punctuality dataset comprises real-world data from a medium-sized

German city over three consecutive years, encompassing 1.4 million trips across 222 stations.

Figure 2.4 shows an excerpt from the final historic-train movements dataset. The plot on the

left-hand side illustrates the distribution of the departure delay across the considered data

points. Most data records exhibit low and positive departure delays, indicating that trams tend

to leave stations belated rather than too early, which aligns with the policy of tram providers.

The remaining plots highlight increased departure delays during usual working hours com-

pared to evening hours and the effect of different geolocations of tram stations regarding de-

parture delay.
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Figure 2.4: Summary plots for the historic train movements

After preprocessing the dataset, the final dataset contained 14 million punctuality records.

Based on a literature review and multiple explorative data analysis, 16 features were divided

into three feature sets. The first set contained features describing the historic tram movements

and time data. The remaining two sets of features described external influences on tram move-

ments, namely categorical values describing the weather at the current station (i.e., tempera-

ture, snow height, wind speed, and precipitation) and binary data that describe whether the

current day is a working day (that is, school holidays, public holidays, and long weekends).

Based on an analysis of various ML models suitable for punctuality prediction with reasonable

optimization runtime and scalability for the datasets, four models (i.e., Random Forest Regres-

sor (RF), K-Nearest Neighbors (KNN), Extreme Gradient Boosting (XGBoost), Light Gradient

Boosting Machines (LGBM)) were selected. Additionally, this article offers a solution to a com-

mon problem in punctuality prediction, which is that historic punctuality data underlies strict

regulations in terms of publishing, which is the result of a direct relation between ML evalua-

tion functions and the volatility in the test data set which allows the inference of other metrics.

Therefore, the article introduces a novel evaluation metric, the Quality Metric (QM), which al-

lows the evaluation of the model performance without the need for actual punctuality data.

The QM compares the mean of the differences between the planned departure times according

to the timetable and the historic departure times (𝑀𝐴𝐸(𝐷𝐸𝐷𝑡𝑖𝑚𝑒𝑡𝑎𝑏𝑙𝑒)) and the mean of the

predicted departure delay of the model (𝑀𝐴𝐸(𝐷𝐸𝐷𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑)). The ratio between these two

mean absolute errors, as defined in equation (2.1), acts as a QM for the result that is indepen-

dent of the granularity of the baseline values

𝑄𝑀 = 1−
𝑀𝐴𝐸(𝐷𝐸𝐷𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑)

𝑀𝐴𝐸(𝐷𝐸𝐷𝑡𝑖𝑚𝑒𝑡𝑎𝑏𝑙𝑒)
= 1− 𝑀𝐴𝐸𝑚𝑜𝑑𝑒𝑙

𝑀𝐴𝐸𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒
(2.1)
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All models were trained on permutations of the large-scale exogenous datasets to study perfor-

mance for each category, as well as individual features to rule out secondary effects. To enhance

applicability and comprehension of the results, this article leverages AutoML. AutoML sum-

marizes solutions that aim to improve the availability of ML functionalities, reduce training

costs, and improve reproducibility while maintaining high accuracy (Truong et al., 2019). Using

this approach, the best overall model, LGBM, yields an Mean Absoulte Error (MAE) of 51.08s

or 43.76 % QM when trained on historic train movement data enriched with four weather and

three holiday features. Taking into account both evaluation metrics (i.e., QM and the Residual

Mean Square Error (RMSE) improvement compared to the train schedule as baseline), all mod-

els tend to improve performance when trained on enriched datasets. XGBoost exhibits the most

significant relative improvements of 17.33 % comparing historical data and the complete fea-

ture set. While the relative percentage might vary between models, the general trend prevails:

the larger the set of uncorrelated features, the better the quality metric. Figure 2.5 illustrates

the performance of the models compared to the two benchmarks.

Figure 2.5: Performance evaluation of the models benchmarked against the deviations in the train schedule

Research Article #5 offers several managerial and academic implications. Academically, it in-

troduces a method to quantify the results of the punctuality prediction using a quality metric,

facilitating the comparison of findings across different datasets. Additionally, it verifies pre-

vious findings for urban tram networks and quantifies the impact of enriching historical train

movement data with exogenous factors, while controlling for secondary effects across an en-

tire transportation network with multiple stations and lines. This contrasts with previous re-

search that focused primarily on single lines or stations. By analyzing the effects of exogenous
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data (e.g., holidays and weather) over an extended period with finer granularity, the study en-

hances the prediction of public transportation punctuality. These insights enable transportation

providers to develop more reliable systems, thus promoting sustainable urban development.

In alignment with the goals of this doctoral thesis, this article leverages AutoML to provide

organizations with actionable recommendations that can improve sustainability holistically.

Research Article #6: Understanding Information Needs for Seamless Intermodal Transporta-

tion: Evidence from Germany

In today’s discussion of decarbonizing road transportation, the switch from combustion engine

vehicles that burn fossil fuels toward alternatives such as electric vehicles or fuel cell electric

vehicles is dominating (Reul et al., 2021; Yu et al., 2023). What is often neglected, but is largely

responsible for urban air pollution and the decrease in available urban space, is the contin-

ued increase in individual transportation and the land use of private cars in cities (Arnott &

Inci, 2006; Barth & Boriboonsomsin, 2008). Therefore, there is a growing interest in intermodal

mobility as a solution that combines the strengths of different transportation modes, offering

reduced environmental impacts and healthier transportation (Dacko & Spalteholz, 2014; Geb-

hardt et al., 2016; Oostendorp & Gebhardt, 2018). For instance, combining public transportation

and walking can create seamless door-to-door trips, encouraging a shift away from the depen-

dency on cars (Gebhardt et al., 2016).

Nonetheless, as of 2023, intermodal mobility still represents the minority of trips (Goletz et al.,

2020). To strongly promote intermodal mobility, and to stimulate an intentional and sustainable

long-term shift in urban mobility behaviors, individual attitudinal aspects toward intermodal-

ity are crucial (Javid et al., 2016). Following De Vos et al. (2022), travel satisfaction and, there-

fore, the choice of a mobility mode is influenced by a magnitude of factors (e.g., travel time,

costs). Due to the number of factors, combined with the increasing flexibility arising from new

transportation systems and mobility-as-a-service (MaaS) concepts in intermodal trips, travelers

face very complex and interrelated mode choice decisions (Feneri et al., 2022). To support this

decision-making process, a plurality of information is required throughout the intermodal trip

(Jochem et al., 2021).

Although research on travel satisfaction factors, the quality of transportation services, and cus-

tomer experiences in unimodal mobility or multimodal mobility is dense (e.g., De Vos et al.,

2016, 2022), intermodal mobility and holistic research on information requirements for inter-

modal trips have rarely been analyzed (Susilo & Cats, 2014), especially regarding the interac-
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tions between information, mode chains, and phases. Therefore, Research Article #6 aims to

answer the following research question: What are the key information requirements for creating

seamless intermodal mobility solutions, depending on modes and travel phases in urban environments?

To examine and practical validate the information required to conduct an intermodal mobil-

ity trip, the article follows the methodology of Berger et al. (2022) and leverages a sequential

mixed-method approach. Mixed-method approaches are well-known research methodologies

(McKim, 2017) that focus on increasing the practical validity of the theoretically obtained find-

ings and that simultaneously help to create new concepts (McKim, 2017; Venkatesh & Brown,

2013). Within the broad spectrum of mixed-method research (see Venkatesh & Brown, 2013;

Venkatesh et al., 2016), the article follows a sequential and dependent research process. First,

a systematic literature review was conducted to gain a holistic overview of passenger informa-

tion for selected means of urban mobility, which was then validated using a questionnaire with

500 participants.

The main results of Research Article #6 are a detailed analysis of the current literature on infor-

mation needs in intermodal transportation and three propositions, which form the final arti-

fact of the article. The first and second proposition focus on the individual influence of phases

(Proposition I: The information requirements to facilitate intermodal mobility trips vary de-

pending on the phase of the trip) and mode chains on information needs (Proposition II: Each

mode combination for an intermodal mobility chain requires different information). Based on

two previous propositions, one would assume, that based on evaluating the phase’s influence

and mode chain’s influence independent of one another, the most important information for

one trip would be known. However, as derived from the questionnaire, the information needs

can only be determined when considering the mode chain and the current phase simultane-

ously. Hence, leading to the final proposition, which focuses on the interaction of mode chains,

phases, and information: Information cannot be viewed from a single perspective that focuses

on either mode chains or phases; it should be viewed from a perspective that focuses on the

interactions between both (Proposition III).

Drawing on these insights, Research Article #6 developed a preliminary concept that encom-

passes mode chains, phases, and their interactions, providing a comprehensive picture of in-

formation needs in intermodal mobility trips. Figure 2.6 illustrates said interaction.

This concept has the potential to improve customer satisfaction by having mobility services

1RI = Relative Importance
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Figure 2.6: The Interaction between Information (i), Mode Chains (m), and Phases (p)1

providers deliver relevant information timeously. By tailoring information provision to the

specific requirements of diverse intermodal mode chains, the concept can contribute to the

formulation of more effective strategies, ultimately enhancing passengers’ overall travel satis-

faction. In turn, this can lead to less congestion and less air pollution by allowing more users to

switch from private vehicles to intermodal mobility chains consisting of sustainable mobility

modes. Hence, Research Article #6 provides an example of how DT - i.e., the provision of infor-

mation in traveler apps and sustainability i.e., the need for more sustainable mobility can be

integrated to provide mutual benefits. In this case, the need for more sustainable mobility led

to the development of a concept that can enhance customer satisfaction by requiring mobility

services providers to deliver relevant information in a timely manner.
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3 Conclusion

3.1 Summary

Organizations are at the forefront of contributing to sustainable development (Porter & Kramer,

2011; Van Zanten & Van Tulder, 2021). Leveraging their strong innovation capabilities and

operation outside of governmental boundaries, they have the potential to create positive sus-

tainability impacts beyond their direct influence (Garnett & Balmford, 2022). To achieve these

positive impacts, DT is recognized as one of the key levers (Vassilakopoulou & Hustad, 2023b;

Veit & Thatcher, 2023). However, research is still trying to balance the positive results DT can

facilitate for sustainable development with the unintended negative outcomes (Chatterjee &

Sarker, 2024; Veit & Thatcher, 2023). Therefore, Research Article #1, driven by the desire to

understand the challenge of mastering both DT and sustainability, applies a tension lens to in-

vestigate the conflicting demands between DT and sustainability and how organizations may

balance the resulting tensions. The results are the three response mechanisms that structure this

work and facilitate the understanding of the interplay on an organizational level. Each repre-

sents one avenue for organizations and researchers to leverage the value-adding interplay of

DT and sustainability. Orthogonal to these response mechanisms (i.e., "Leverage DT to enhance

sustainability actions", "Exploit sustainability to sharpen digital actions", "Integrate DT and sustain-

ability to provide mutual benefit"), organizations face multiple challenges which are recurring for

each response mechanisms. The combination of response mechanisms and challenges provides

the outline for this doctoral thesis. Along this structure, this thesis offers several contributions

that have implications for both practitioners and academics.

First, in relation to the response mechanism leverage DT to enhance sustainability actions, sec-

tion 2.1 offers actionable practices for organizations to embrace and connect the three pillars

of sustainability. In this vein, Research Article #2 developed the AI4S taxonomy, a tripartite

framework (i.e., organizational, technical, and sustainability perspective) that helps practition-

ers understand and differentiate AI4S use cases. Based on the taxonomy and the analysis of 158

AI4S use cases, the article describes the predominant features of AI4S use cases and how they

manifest themselves in the technical (i.e., focus on specific data, algorithms, and AI-skills), or-

ganizational (i.e., especially the distribution along business functions), and sustainability (i.e.,

a clear focus towards certain SDGs) dimensions; resulting in seven archetypes that support

organizations and researchers to develop effective solutions for their sustainability challenges

and encourage the design of DT projects that connect multiple sustainability pillars.
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On the second response mechanism (Exploit sustainability to sharpen digital actions), section 2.2

describes patterns and mechanisms to reduce the negative impacts of DT on sustainability.

Specifically, it focuses on one prominent subset of digital technologies, namely AI. Despite the

rapid adoption of AI, the recognition of their associated sustainability risks has been gradual

(Cowls et al., 2023). Yet, as more and more AI systems are deployed, giving them an ever-

greater influence, it is important to do so with a focus on sustainability (van Wynsberghe,

2021). Therefore, Research Article #3 presents the SML-DPM, a holistic framework provid-

ing research and practice with application-context independent DPs to develop sustainable AI

systems. The framework structures the DPs along the entire AI development process and the

ESG dimensions. Thereby providing practitioners and researchers with actionable practices

that enhance the sustainability of the AI development process. Research Article #4 goes be-

yond the separate treatment of each sustainability pillar, by deriving governance mechanisms

that integrate multiple sustainability pillars, resulting in an extension framework for existing

governance Frameworks.

Regarding the final response mechanism (Integrate DT and sustainability to provide mutual bene-

fit), section 2.3 presents two cases that exemplify the mutually beneficial relationship between

DT and sustainability. Both Research Articles #5 and #6 address the challenge of reducing the

environmental impact of urban mobility. Following one of the archetypes identified in sec-

tion 2.1, Research Article #5 provides a specific implementation example leveraging AI, partic-

ularly its prominent subset ML, to compare different feature sets for predicting the punctuality

of tram-based public transportation networks. The article utilized AutoML – a technique to ef-

ficiently compare and train different ML algorithms while lowering the entry hurdle for users

– to train punctuality prediction models. The results indicate that AutoML can train sophis-

ticated ML models within a reasonable computational time, and thus enable more employees

to leverage ML. Additionally, the enhancement of prediction quality by 54% confirms previ-

ous findings that external factors (e.g., weather and holidays) significantly affect prediction

quality. The improved models can help public transportation providers to improve short-term

planning, make transportation more reliable, and encourage the use of sustainable mobility

alternatives. In comparison, Research Article #6 introduces the concept of mode chain- and

phase-sensitive information, which aids in better understanding passengers information needs

during intermodal trips. By integrating a sustainability perspective into the development pro-

cess, Research Article #6 increases the accessibility of the resulting digital product for various

user groups and thus presents an example of the mutual benefiting interplay of DT and sus-
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tainability.

3.2 Limitations and Future Research

This doctoral thesis has certain limitations that pave the way for future research opportuni-

ties. This part summarizes these limitations, suggesting new directions for researchers at the

intersection of DT and sustainability. Furthermore, each research article offers an in-depth

look at these limitations and their potential to inspire further studies (see appendix A.3 - ap-

pendix A.8).

First, Research Articles #2 and #4 have shown the potential to enhance the understanding of

a specific response mechanism (c.f., section 2.1 and section 2.2). Both articles share a common

methodological approach by conducting multivocal literature reviews to develop archetypes

or governance mechanisms. Although the selection of the literature was carried out with care,

the presence of biases in the literature or the exclusion of important research articles cannot be

entirely eliminated. Further research could adopt a deductive approach grounded in empirical

investigations to validate the results and provide insight into adoption patterns. For example,

extending Research Article #4 through longitudinal case studies could yield practical insights

into the real-world application of governance mechanisms and offer detailed implementation

guidelines. Similarly, extending Research Article #2 by conducting case studies in different sec-

tors could identify whether archetypes manifest differently and examine the detailed influence

of leveraging AI4S archetypes. This is in line with the call by Guandalini (2022) for more cross-

sector and cross-geographical research, which is currently underrepresented at the intersection

of DT and sustainability.

Second, Research Articles #5 and #6 provide compelling illustrations of how the interplay of

DT and sustainability can harmonize DT and sustainability goals. While both research articles

illustrate how organizations can leverage the integration of DT and sustainability, they fail to

address each sustainability pillar comprehensively. As Veit and Thatcher (2023) highlights, a

clear sustainability definition that addresses each pillar is necessary to reduce the potential for

unintended side effects. Therefore, further research should aim to identify actionable practices

that integrate digital and sustainability actions, to provide mutual benefits while incorporating

a holistic definition of sustainability. One potential approach for IS research with a practical

orientation may lie in incorporating the design patterns identified in Research Article #3 or the

governance mechanisms identified in Research Article #4 to holistically address sustainability
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in the design, development, and deployment of AI.

Third, Research Articles #2, #3, and #4 present compelling cases illustrating how the interplay

of DT and sustainability can generate positive sustainability impacts or reduce the unintended

negative impacts. For instance, Research Article #1 offers archetypes that bridge technical,

organizational, and sustainability dimensions, underscoring the potential of DT for advancing

sustainability. Although the artifacts presented in these research articles focus on sustainability

impacts, they do not quantify the impact of each artifact on sustainability. Further research

could leverage these findings and fortify the results by quantifying the sustainability impact

along the product lifecycle. In this context, the methodological approach by Schneider et al.

(2023) and the definition of metrics by Rohde et al. (2024) can serve as a point of departure for

the quantification of actions.

In summary, this doctoral thesis highlights the significant potential that arises from the inte-

gration of DT and sustainability to address grand societal challenges. By offering actionable

practices that consider all three sustainability pillars and examine the connection of multiple

pillars, this thesis aims to engage researchers and practitioners in a dialogue about the impact-

ful combination of DT and sustainability. I sincerely believe that it is this powerful combination

that can facilitate sustainable development for organizations.
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A Appendix

A.1 Research Articles Included in this Dissertation

Research Article #1: Examining Twin Transformation to Balance Digital Transformation and

Sustainability Transformation Tensions

Crome, C., Meyer-Hollatz, T., Kreuzer, T., & Oberländer, A. M. (2024b). Examining Twin

Transformation to Balance Digital Transformation and Sustainability Transformation Tensions.

Working Paper

Research Article #2: Navigating AI for Sustainability in Organizations: Untangling Organi-

zational, Technical, and Sustainable Characteristics

Plank, T., Leuthe, D., & Meyer-Hollatz, T. (2024). Navigating AI for Sustainability in Orga-

nizations: Untangling Organizational, Technical, and Sustainable Characteristics. Submitted

Working Paper

Research Article #3: Towards Sustainability of AI – Identifying Design Patterns for Sustain-

able Machine Learning Development

Leuthe, D., Meyer-Hollatz, T., Plank, T., & Senkmüller, A. (2024). Towards Sustainability of

AI – Identifying Design Patterns for Sustainable Machine Learning Development. Information

Systems Frontiers

(VHB-JQ31: B, VHB-JQ42: B, IF3: 6.9)

Research Article #4: Linking Sustainability Dimensions in AI Governance: A Review and

Collection of Governance Mechanisms

Meyer-Hollatz, T., Willburger, L., Häckel, B., Kratsch, W., & Grüner, V. (2024b). Linking Sustain-

ability Dimensions in AI Governance: A Review and Collection of Governance Mechanisms.

Submitted Working Paper

1VHB-JQ3: VHB-JOURQUAL3
2VHB-JQ4: VHB Publication Media Rating 2024
3IF: Impact Factor, 2023
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Research Article #5: Punctuality Predictions in Public Transportation: Quantifying the Ef-

fect of External Factors

Meyer-Hollatz, T., Schwarz, N., & Werner, T. (2023). Punctuality Predictions in Public Trans-

portation: Quantifying the Effect of External Factors. Wirtschaftsinformatik 2023 Proceedings, 73

(VHB-JQ3: B, VHB-JQ4: B)

Research Article #6: Understanding Information Needs for Seamless Intermodal Transporta-

tion: Evidence from Germany

Meyer-Hollatz, T., Kaiser, M., Keller, R., & Schober, M. (2024a). Understanding information

needs for seamless intermodal transportation: Evidence from Germany. Transportation Research

Part D: Transport and Environment, 130. https://doi.org/10.1016/j.trd.2024.104161

(VHB-JQ3: B, VHB-JQ4: B, IF: 7.3)

Over the course of the dissertation, I also authored and co-authored the following research

papers, studies, and reports. These papers are not part of this dissertation.

• Wormeck, L., Crome, C., Meyer-Hollatz, T., Hinsen, S., & Wassermann, M. E. (2024). Eval-

uating Digital Sustainability-Oriented Innovations: Criteria for the Frontend of Innova-

tion. Proceedings of the 32nd European Conference on Information Systems (ECIS)

• Crome, C., Meyer-Hollatz, T., Oberländer, A. M., Graf-Drasch, V., Urbach, N., & Hin-

sen, S. (2023b). Digital und nachhaltig die Zukunft sichern : Wie Unternehmen die Twin

Transformation meistern können

• Fehrer, T., Meyer-Hollatz, T., Häckel, B., & Röglinger, M. (2024). Integrating and imple-

menting zero defect manufacturing and sustainability: A reference architecture [Working

Paper]

• Röglinger, M., Fehrer, T., Meyer-Hollatz, T., & Luippold, C. (2024, March). Prädiktive

Prozessüberwachung in der Batterieproduktion

• Wiehte, C., Meyer-Hollatz, T., & Ritter, C. (2024). Benchmarking machine learning al-

gorithms for predictive maintenance services with an integrated economic evaluation

[Working Paper]

• Lindenthal, A., Meierhöfer, S., Meyer-Hollatz, T., Oberländer, A., & Bitzer, M. (2024).

Leveraging data for innovation archetypes of data-driven innovation [Working Paper]

• Fabri, L.; Wenninger, S.; Meyer-Hollatz, T. (2022). You Never Share Alone: Quantify-

ing Sharing Platforms’ Evolution. Proceedings of the International Conference of Center for

Business & Industrial Marketing (CBIM). Atlanta, USA

https://doi.org/10.1016/j.trd.2024.104161
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A.2 Individual Contribution to the Included Research Papers

This dissertation is cumulative and includes six research papers. All research papers were

written in teams with multiple co-authors. This section outlines the settings and describes

my contribution to the six papers. The descriptions follow the Contributor Role Taxonomy

(CREDIT) (Allen et al., 2019).

Research Article #1 entitled “Examining Twin Transformation to Balance Digital Transforma-

tion and Sustainability Transformation Tensions” (Crome et al., 2024b, Appendix A.3) was

written by a team of four authors. I contributed to the conceptualization, methodology, and

data investigation. I was responsible for drafting sections of the original manuscript, conceptu-

alizing key elements of the results, and participating in the review and editing of the document.

One co-author acted as the lead author, overseeing the project, while the other co-authors and

I acted as supporting authors.

Research Article #2 entitled “Navigating AI for Sustainability in Organizations: Untangling

Organizational, Technical, and Sustainable Characteristics” (Plank et al., 2024, Appendix A.4)

I co-authored this research article with Daniel Leuthe and Tobias Plank. All co-authors par-

ticipated equally in the conceptualization of the artifact. I was specifically involved in the

visualization of the results and writing as well as editing major parts of the manuscript. In

addition, Tobias Plank and I were responsible for the data analysis.

Research Article #3 entitled “Towards Sustainability of AI – Identifying Design Patterns for

Sustainable Machine Learning Development” (Leuthe et al., 2024, Appendix A.5) was written

by a team of four authors. In particular, Daniel Leuthe and I played a pivotal role in the entire

research process, including the creation and conceptualization of the research idea, investiga-

tion, development, visualization, and evaluation of results. Furthermore, I extensively revised

the paper after receiving feedback during the review process.

Research Article #4 entitled “Linking Sustainability Dimensions in AI Governance: A Review

and Collection of Governance Mechanisms” (Meyer-Hollatz et al., 2024b, Appendix A.6) was

written by a team of five authors. Vanessa Grüner developed the first daft of the research article

and conducted the data curation. Lukas Willburger and I equally contributed to the article by

extending the literature sample, rewriting the manuscript, extending the contribution, theoret-

ical embedding, and conceptualizing the final artifact. In addition, I focused on developing the

visualizations and prepared the final submission.
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Research Article #5 entitled “Punctuality Predictions in Public Transportation: Quantifying the

Effect of External Factors” (Meyer-Hollatz et al., 2023, Appendix A.7) was developed by a

team of three co-authors. We jointly conceptualized the research idea and developed the main

artifact of the research article. I was involved in all stages of the development process, from

writing the initial draft to reviewing it. Specifically, I was responsible for the data analysis and

developed the visualization for the research article.

Research Article #6 entitled “Understanding Information Needs for Seamless Intermodal

Transportation: Evidence from Germany” (Meyer-Hollatz et al., 2024a, Appendix A.8) was

written by a team of four authors. I contributed to the conceptualization, development of

the methodology, data curation, writing of the original draft, and reviewing the article. As

the lead author, I managed the project while the three other authors serve as subordinate au-

thors. Additionally, I was responsible for preparing the article’s refinement and preparing it

for submission.
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A.3 Research Article #1: Examining Twin Transformation to Balance

Digital Transformation and Sustainability Transformation Ten-

sions

Authors:

C. Crome, T. Meyer-Hollatz, T. Kreuzer, and A. M. Oberländer

Working Paper

Keywords:

Twin Transformation, Tensions, Digital Transformation, Sustainability Transformation

Extended Abstract4:

In today’s rapidly evolving world, organizations are being shaped by two pivotal transforma-

tions: Digital Transformation and Sustainability Transformation. Both transformations bring

about profound changes in society and industries but are often considered separate processes

as they seem to differ in key characteristics (e.g., Dorninger et al., 2020; Vial, 2019). Each of

these transformations generates tensions, which can impede organizational change (Chatter-

jee & Sarker, 2024; Mishra et al., 2022). Broadly speaking, this is due to (1) Digital Transfor-

mation (DT) being primarily economically driven, whereas Sustainability Transformation (ST)

follows environmental and social goals (Chatterjee & Sarker, 2024), and (2) potential environ-

mental and social problems related to digital technologies (Berthon & Donnellan, 2011; Veit

& Thatcher, 2023). Both single transformations are, however, essential for long-term orga-

nizational success and societal longevity. DT helps organizations to adapt their identity to

technological changes and thus keeps the organization competitive, while ST enables organi-

zations not to exploit the environment and humans so that future generations will also live in a

world worth living in (Sancak, 2023; Wessel et al., 2021). Against this background, the recently

emerging concept of integrated DT and ST, namely twin transformation, offers a potential solu-

tion approach, suggesting that it could also address the tensions that arise from their interplay

(Christmann et al., 2024). However, to effectively shape further research, a comprehensive un-

derstanding of the tensions arising at the intersection of digital and sustainability transforma-

tions or the mechanisms for balancing them need to be understood. This study aims to explore

and elucidate the tensions that arise from simultaneously implementing DT and ST in organi-

4As of now, this research article is in preparation for submission to a scientific journal. Hence, an extended
abstract of the article is provided here.
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zations. Specifically, it investigates how organizations can address these tensions through twin

transformation.

To address our research question, we employ a sequential, multi-method research approach

(Mingers, 2001). First, we conduct a systematic literature review to conceptualize the ex-ante

knowledge on DT and ST tensions (Wolfswinkel et al., 2013). Second, we conduct 24 semi-

structured interviews with subject-matter experts to derive response mechanisms for balancing

the identified tensions (Gioia et al., 2013; Myers & Newman, 2007). The literature review iden-

tifies five key tensions affected by the interplay of DT and ST: societal value vs. organizational

performance, radical innovation vs. incremental innovation, competition vs. collaboration,

personal employee identity vs. organizational identity, and depth of competence vs. breadth

of competence. These tensions were categorized using the well-established tension framework

Smith and Lewis (2011). The empirical data collected from interviews reveal three twin trans-

formation response mechanisms to address these tensions: leveraging digitalization to enhance

sustainability actions, exploiting sustainability actions to sharpen digitalization, and integrat-

ing digital and sustainability actions to provide mutual benefit. These mechanisms provide a

structured approach for practitioners to manage and balance the competing demands of DT

and ST, thereby fostering effective twin transformations.

This study makes two main contributions. First, it provides a profound understanding of the

individual and combined tensions of DT and ST, setting the foundation for integrated tension

management. Second, it offers actionable twin transformation response mechanisms, bridging

the gap between theory and practice. These findings support practitioners in fostering effective

twin transformations and provide researchers with a structured framework to integrate this

nascent field with existing Information Systems research streams.
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A.4 Research Article #2: Navigating AI for Sustainability in Organi-

zations: Untangling Organizational, Technical, and Sustainable

Characteristics

Authors:

T. Plank, D. Leuthe, and T. Meyer-Hollatz

Submitted Working Paper

Keywords:

Artificial Intelligence, AI for Sustainability, Taxonomy, Archetypes, AI for Social Good

Extended Abstract5:

In the pursuit of the Sustainable Development Goals, the role of digital technologies, espe-

cially Artificial Intelligence, has become increasingly vital (Kar et al., 2022; Tseng & Lin, 2024).

Organizations leveraging Artificial Intelligence (AI) to contribute to the SDGs are expected to

impact sustainability on a faster and broad scale (Kopka & Grashof, 2022). AI stands out as an

enabling factor of economic, environmental and social sustainability, encapsulated in the con-

cept of Artificial Intelligence for Sustainability (Frank, 2021; van Wynsberghe, 2021; Vinuesa

et al., 2020). Artificial Intelligence for Sustainability (AI4S) is discussed in different research

streams, ranging from a fundamental discussion of AI’s potential and its future developments

for social and environmental good (Cowls et al., 2023; Nahar, 2024; Tomaev et al., 2020) to

specific AI4S use cases and their technical characteristics to achieve sustainable development

using AI (Wang et al., 2022). In addition, researchers are searching for the structure to capture

AI4Ss functionality. Notwithstanding the progress on AI4S, research is lacking a case-driven

examination of the connection between a technical, organizational, and sustainable perspective

(Di Vaio et al., 2020; Nishant et al., 2020).

To bridge this gap, we adhered to a rigorous four-step process. First, we identified relevant

AI4S use cases through a comprehensive multivocal literature review, identifying 158 AI4S use

cases. Second, we developed an AI4S taxonomy consisting of three layers, ten dimensions,

and 47 characteristics. Based on the taxonomy and the analysis of 158 AI4S use cases, we

could derive the predominant features of leading AI4S use cases and how they manifest them-

selves in the technical (i.e., focus on specific data, algorithms, and AI-skills), organizational

5As of now, this research article is undergoing peer review for publication in a scientific journal. Hence, an
extended abstract of the article is provided here.
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(i.e., especially the distribution along business functions), and sustainability (i.e., a clear focus

towards certain SDGs) dimensions. Third, we employed hierarchical and partitioning-based

clustering to classify the use cases, resulting in seven distinct AI4S archetypes which encap-

sulate the tripartite structure of organizational, technical, and sustainability elements. Finally,

we introduce a complexity positioning roadmap following Hunke et al. (2022) to disentangle

the configurations of the AI4S archetype along their prevailing dimensions and identify two

essential drivers that could guide targeted transitions from one AI4S archetype to another to

systematically evolve AI4S.

Our study contributes significantly to the structuring and description of AI4S, providing a

foundation for future research and practical applications. The seven archetypes and the com-

plexity positioning roadmap offer a comprehensive overview of adoption patterns, thereby

paving the way for identifying future research endeavors. In practice, our taxonomy and

archetypes serve as robust tools for organizations that want to take advantage of AI4S while

promoting economic viability and fulfilling the Sustainable Development Goals (SDGs).

Through this work, our goal is to catalyze the adoption of AI4S, fostering sustainable de-

velopment at the organizational level and beyond.
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A.5 Research Article #3: Towards Sustainability of AI – Identify-

ing Design Patterns for Sustainable Machine Learning Devel-

opment

Authors:

D. Leuthe, T. Meyer-Hollatz, T. Plank, and A. Senkmüller

Published as:

Leuthe, D., Meyer-Hollatz, T., Plank, T., & Senkmüller, A. (2024). Towards Sustainability of

AI – Identifying Design Patterns for Sustainable Machine Learning Development. Information

Systems Frontiers

Abstract:

As artificial intelligence (AI) and machine learning (ML) advance, concerns about their sus-

tainability impact grow. The emerging field "Sustainability of AI" addresses this issue, with

papers exploring distinct aspects of ML’s sustainability. However, it lacks a comprehensive

approach that considers all ML development phases, treats sustainability holistically, and in-

corporates practitioner feedback. In response, we developed the sustainable ML design pattern

matrix (SML-DPM) consisting of 35 design patterns grounded in justificatory knowledge from

research, refined with naturalistic insights from expert interviews and validated in three real-

world case studies using a web-based instantiation. The design patterns are structured along

a four-phased ML development process, the sustainability dimensions of environmental, so-

cial, and governance (ESG), and allocated to five ML stakeholder groups. It represents the first

artifact to enhance each ML development phase along each ESG dimension. The SML-DPM

fuels advancement by aggregating distinct research, laying the groundwork for future investi-

gations, and providing a roadmap for sustainable ML development.
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Extended Abstract6:

The potential of AI-driven projects is increasingly visible across various domains, offering or-

ganizations opportunities to enhance business models, optimize processes, and increase rev-

enue (e.g, Maslej et al., 2023, 2024). Despite these advantages, many organizations struggle to

achieve economically successful AI-driven projects while maintaining a balance across sustain-

ability dimensions. The focus on economic profits often results in adverse effects on ecological

and social sustainability, raising concerns about privacy, discrimination, and significant energy

consumption (De Vries, 2023; Galaz et al., 2021). Thus, there is a critical need for a comprehen-

sive approach that integrates and balances social, environmental, and economic sustainability

in AI governance.

Previous research has attempted to address this issue by providing AI governance frameworks

designed to facilitate sustainable AI development along the AI lifecycle (Mäntymäki et al.,

2023). However, AI Governance (AIG) research predominately focuses on social sustainabil-

ity, often excluding environmental aspects, leading to fragmented and overlapping recom-

mendations (Kunkel et al., 2023; Owe & Baum, 2021; Papagiannidis et al., 2023). Although

some frameworks, such as those of NIST (2023) and OECD (2023), adopt a holistic approach,

they often overlook the interconnections between the three dimensions of sustainability, which

can result in mutually reinforcing risks or missed synergies (Purvis et al., 2019; Rohde et al.,

2024). Addressing this gap, this research article aims to analyze the sustainability orientation

of existing governance frameworks and derive governance mechanisms that integrate multiple

6As of now, this research article is undergoing peer review for publication in a scientific journal. Hence, an
extended abstract from the article is provided here.
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sustainability dimensions, thereby forming the Sustainable AI Governance Framework Exten-

sion (SAIG-FE).

To address the research question, we conducted two multivocal literature reviews (Multivo-

cal Literature Reviews (MLRs)). The first MLR aimed to analyze AIG frameworks through a

sustainability lens, laying the foundation for the second MLR. The second MLR focused on

identifying AIG mechanisms that unify multiple dimensions of sustainability, leading to the

development of the SAIG-FE. This framework comprises 28 sustainable AI (SAI) governance

mechanisms that integrate multiple sustainability dimensions.

This paper makes two key contributions. First, it provides a comprehensive analysis of exist-

ing AIG frameworks through a sustainability lens (Veit & Thatcher, 2023). This analysis enables

researchers to identify new research avenues and shifts the focus of AIG research toward a bal-

anced definition of sustainability (Galaz et al., 2021; Owe & Baum, 2021). For practitioners,

our analysis facilitates the selection and combination of AIG frameworks based on their sus-

tainability values. Second, it identifies and categorizes 28 SAI governance mechanisms that

integrate multiple dimensions of sustainability. This unified approach offers practitioners a

structured method to incorporate sustainability into AIG efforts, thereby fostering a more com-

prehensive and effective governance strategy. From a research perspective, this work has the

potential to conduct in-depth analyzes of the interactions between sustainability dimensions in

AI governance mechanisms, thus contributing to the management of tensions between these

dimensions (Chatterjee & Sarker, 2024; Crome et al., 2024).
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Abstract:

Increasing availability of large-scale datasets for automatic vehicle location (AVL) in public

transportation (PT) encouraged researchers to investigate data-driven punctuality prediction

models (PPMs). PPMs promise to accelerate the mobility transition through more accurate pre-

diction of delays, increased customer service levels, and more efficient and forward-looking

planning by mobility providers. While several PPMs show promising results for buses and

long-distance trains, a comprehensive study on external factors’ effect on tram services is miss-

ing. Therefore, we implemented four machine learning (ML) models to predict departure de-

lays and elaborate on the performance increase by adding real-world weather and holiday data

for three consecutive years. For our best model (XGBoost) the average MAE performance in-

creased by 17.33% compared to the average model performance when only trained on AVL

data enriched by timetable characteristics. The results provide strong evidence that adding

information-bearing features improve the forecast quality of PPMs.
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Abstract:

Cities worldwide are seeking to enhance their sustainable mobility by reducing individual mo-

torized transportation. While intermodal mobility – combining multiple transportation modes

in one journey – is a key solution, individuals encounter challenges initiating intermodal jour-

neys owing to the proliferation of mobility services. Providing accurate information at the

right time is crucial amidst this complexity. While research has examined information needs

for each mobility mode independently, the relationships between modes, phases, and infor-

mation needs have barely been empirically investigated. Through a sequential mixed-method

approach involving a literature review and a survey of >500 participants, this study identifies

and validates the concept of phase- and mode chain-sensitive information needs. The findings

provide initial insights, emphasizing phase relationships, mode chain relationships, and the in-

terplays between phases and mode chains – a holistic understanding. This research can guide

the design of more effective traveler information systems, aiding the shift toward sustainable

urban mobility.

Keywords:

Intermodal mobility; Sustainable mobility; Traveler support systems
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