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A. Foundations 

The first part of this cumulative dissertation is divided into two chapters. The first chapter 

describes the motivation for studying the topic of this thesis, outlines the research gaps and 

research questions, illustrates the structure, presents the research design, and describes the 

anticipated contributions. The second chapter provides the relevant theoretical background.
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2  A.1 Introduction 

1 Introduction 

Section 1.1 describes the motivation and relevance for the research, followed by the research 

questions (1.2) and structure of the thesis (1.3). Section 1.4 explains the research design. Fi-

nally, Section 1.5 outlines the anticipated contributions for research and practitioners. 

1.1 Motivation 

The ongoing digital transformation of society can be understood as the changes resulted in 

several aspects related to humankind due to an increased pervasion of information systems 

(IS) in private and professional life (Ayyagari et al. 2011; Yoo 2010). As a consequence, the 

world is “increasingly experienced with, through, and by information technology” 

(Stolterman and Fors 2004, p. 689). This transformation has brought great advantages on an 

individual, societal, and organizational level. Digital networks and wireless mobile technolo-

gies become increasingly accessible and affordable, thus enabling connectivity over distances 

(Kolb 2008). IS support sociability through social networking platforms (Maier et al. 2011), 

convert the worldwide transferability of information and education into reality (Owston 1997; 

Roberts 2000), and contribute to individual’s health and well-being (Lohaus 2010) as well as 

to the dissemination of electric vehicles (Eisel and Schmidt 2014). In the professional context, 

the widespread use of information and communication technologies (ICTs) have changed the 

way employees work in an organization; they have improved performance and productivity 

(Matteucci et al. 2005; Ravichandran and Lertwongsatien 2005; Velcu-Laitinen and 

Yigitbasioglu 2012). 

However, these meaningful advantages possess a dark side (Tarafdar et al. 2015a), which re-

flects the individual’s struggle in dealing with IS in a healthy manner (Brod 1984), thus ad-

versely affecting not only individuals’ well-being but also leading to heavy drawbacks for 

companies (Tarafdar et al. 2007). Within the IS community, this dark side has garnered popu-

larity in association with the term technostress, which is defined as “any negative impact on 

attitudes, thoughts, behaviors, or body physiology that is induced either directly or indirectly 

by technology” (Weil and Rosen 1997, p. 5). Conditions in which IS lead to an increased 

workload for the individual, the perception of being permanently connected, or the feeling of 

not catching up with the frantic pace of IS development constitute powerful stimuli that lead 

to adverse psychological and behavioral responses (Ragu-Nathan et al. 2008; Tu et al. 2005). 

Psychological reactions are manifested in feeling exhaustion (Ayyagari et al. 2011) or reduced 
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satisfaction (Tarafdar et al. 2007; 2010), while behavioral responses are characterized by the 

intention to stop using a technology (Maier et al. 2014) or reduced end-user performance 

(Owusu-Ansah et al. 2016).  

As illustrated, the increased pervasion of IS leads to effects that have a dual nature in general 

– apart from generating innumerable advantages for the individual, the interaction with IS 

might lead to negative reactions in terms of stress, which in turn, adversely affects psycholog-

ical and behavioral responses. In this context, stress constitutes the main culprit of a variety of 

psychological and physiological health problems, including asthma, depression, burnout, or 

coronary heart diseases (Avey et al. 2003; House 1974; Marin et al. 2011; Vitaliano et al. 

2002).  

The sustainable transportation mode of battery electric vehicles (BEVs) is a paramount exam-

ple, in which such a dual effect of IS can be observed. It has been suggested (Eisel and 

Schmidt 2014) that IS can be valuable to counteract a particular type of stress in drivers of 

BEVs, referred to as the worry of not reaching an intended destination due to a discharged 

battery (Tate et al. 2008). This psychological barrier, range stress (Rauh et al. 2015a), is 

mainly triggered by the limited driving range of BEVs of approximately 150 kilometers (Eisel 

and Schmidt 2014) and the underdeveloped charging infrastructure (Dong et al. 2014). To 

compensate or avoid the negative driving experience associated with range stress, users gen-

erally demand additional IS in and around BEVs (Nilsson and Habibovic 2013). Hence, re-

search has proposed integrating additional context-specific IS in BEVs that display more 

range-related information than current IS in BEVs do (Ferreira et al. 2011; 2014; Rauh et al. 

2015b). As users of BEVs – due to the electric propulsion – are usually confronted with dif-

ferent information compared to conventional vehicles (Stroemberg et al. 2011), it has also 

been proposed that the design of in-vehicle IS be adjusted in order to counteract range-related 

concerns (Jung et al. 2015; Lundstroem 2014).  

With respect to the potential value offering of IS to the driver in general (see also Brandt 

2013), especially in reducing range stress, it is not surprising that the degree of digitalization 

in and around BEVs has increased over the last years. Furthermore, it is expected to increase 

to a larger degree in the future (Abdelkafi et al. 2013; Burns 2013; Dijk et al. 2013). Yoo et al. 

(2010) state that “as most subsystems of an automobile are becoming digitized and connected 

through vehicle-based software architectures, an automobile has become a computing plat-

form on which other firms outside the automotive industry can develop and integrate new 

devices, networks, services, and content” (p. 729). New paradigms, such as the Internet of 
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4  A.1 Introduction 

Things bring a new variety of functionalities into the automobile, thus enabling the communi-

cation between vehicles and other objects, further enhancing comfort and driver safety 

(Brandt 2013; Tielert et al. 2010; Vermesan and Friess 2014; Xie and Wang 2017).  

However, apart from the enormous advantages of IS for drivers of BEVs in general, especial-

ly in reducing range stress, the increased digitalization in and around BEVs affects the inter-

action between driver and vehicle (Weng et al. 2016). In addition to the complex driving task 

itself, which requires high cognitive and physical skills (Young and Regan 2007), the second-

ary task of interacting with in-vehicle IS poses a further workload on the driver (Pereira et al. 

2008). This extra workload relies on the same limited mental capacities needed for the prima-

ry task of driving (Bach et al. 2009), which in turn, leads to a certain degree of competition 

between these capacities (Ma and Kaber 2005). These effects limit the driver’s attention re-

garding the traffic scene and hence may lead to driver distraction and stress (Bach et al. 2009; 

Horberry et al. 2006; Sheridan 2004). In-vehicle IS-related driver stress and distraction is an 

especially critical issue for users of BEVs, as the information presented by the in-vehicle IS is 

often confusing, thus boosting insecurity, frustration, and stress (Lundstroem 2014; 

Stroemberg et al. 2011; Wellings et al. 2011).  

Posited within the context of sustainable mobility, i.e., BEVs, this thesis aims to shed light 

upon the dual role of IS with a focus on stress perception. As illustrated above, the increased 

presence of IS in BEVs bears the potential to overcome stress resulting from the limited range 

of these vehicles. Thus, the appropriate deployment of IS in and around BEVs can increase 

the acceptance of BEVs, since the limited range constitutes a main adoption barrier 

(Dimitropoulos et al. 2011; Duke et al. 2009; Egbue and Long 2012; Pearre et al. 2011). In 

2015, for example, diesel and petrol vehicles accounted for over 97% of new sales in Europe 

(European Environmental Agency 2017). Moreover, BEVs have the potential to reduce car-

bon emissions in the road transportation sector (Tang et al. 2013; Thomas 2009). According 

to the European Commission (2016), the road transportation sector contributes to more than 

one-fifth of total carbon dioxide emissions in the European Union. As a response to the devas-

tating consequences of the road transportation sector for the environment, BEVs are also in-

creasingly integrated in sustainable business models, such as e-car sharing (Seign and 

Bogenberger 2012).  

On the other hand, as explained above, the interaction with IS can lead to driver distraction 

and stress, thus increasing the risk of fatal car accidents (Brooks and Rakotonirainy 2007; 

Kontogiannis 2006; Neale et al. 2005). It is estimated that approximately 30% of the time that 
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a vehicle is in motion, drivers are distracted by secondary tasks (Ranney 2008). In this con-

text, over 25% of crashes involve some degree of driver distraction, among which, the interac-

tion with in-vehicle IS accounts for a high percentage (Horberry et al. 2006; Stutts et al. 

2001). Birrell and Fowkes (2014) found that drivers spend on average 4.3% of their time on 

looking at the in-vehicle IS while driving.  

Finally, the thesis aims to investigate the influence of IS-related stress on behavioral out-

comes. In this context, behavioral outcomes can be conceptualized as an attitude towards per-

forming a specific behavior, as the attitude construct plays a crucial role in predicting actual 

behavior (Ajzen 1991). In addition, the attitude construct constitutes a main component when 

explaining individual’s acceptance related to technologies (Venkatesh et al. 2003; Williams et 

al. 2009). 

To sum up, this thesis emphasizes the importance of considering both directional effects of IS 

on the perception of stress, as most research in the field of IS and stress has been dedicated to 

the sources, characteristics, and consequences of stress that results from the interaction with 

IS in an organizational setting (Riedl et al. 2012). A thorough understanding of the opposite 

effect, i.e., the value of IS for reducing stress in specific situations is missing in IS research. 

Apart from the lack of research regarding the potential positive effects of IS, a detailed under-

standing of the dual role of IS with a focus on stress perceptions and the resulting conse-

quences on behavioral outcomes remains unclear. This is especially important, as it has been 

shown that IS-related stress negatively affects behavioral outcomes (Maier et al. 2014; 

Owusu-Ansah et al. 2016). A consideration of both directional effects could be useful to pre-

dict behavioral outcomes more accurately.  

Despite deriving important implications for research, this thesis aims to support practitioners 

within the automotive industry. The mainly emerging market-driven digitalization in this sec-

tor (Gao et al. 2014) creates a new key challenge for designers in seeking a balance between 

introducing new in-vehicle IS to the driver and ensuring the primary task of safe arrival to a 

destination (Lisboa et al. 2016). Thus, this thesis addresses a fundamental difficulty, as em-

phasized by Kantowitz and Moyer (1999):  

 “Although the designer is most often human, human-centered design does not imply 

 that the system designer is a satisfactory surrogate for the end user. Information that 

 the designer finds useful and interesting may not matter to the driver, and so should 

 not be presented (p. 4).  

Dieses Werk ist copyrightgeschützt und darf in keiner Form vervielfältigt werden noch an Dritte weitergegeben werden. 
Es gilt nur für den persönlichen Gebrauch.



6  A.1 Introduction 

1.2 Research Gaps and Research Questions 

As explained above, the increasing pervasion of IS in professional and private life (Ayyagari 

et al. 2011; Hess et al. 2014) leads on an individual level to consequences that are dual in na-

ture. This thesis aims to contribute to a better understanding of both directional effects of IS 

with respect to the perception of stress, using the research context of sustainable mobility, i.e., 

BEVs. Moreover, this research aims to elaborate on the effects that IS-induced stress has on 

the attitude towards using BEVs, thus providing important insights for researchers and practi-

tioners regarding the individual’s acceptance of this sustainable mode of transportation. With 

the rising importance of integrating BEVs in sustainable business models, such as e-car shar-

ing (Seign and Bogenberger 2012), the thesis finally aims to extend the research context to 

sustainable business model, thus emphasizing the importance of the IS-stress relationship for 

the success of sustainable business models. Figure A-1 illustrates the research questions and 

the addressed topics of the thesis.  

 

Figure A-1 Overview of Research Questions 
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Previous research in the field of IS and stress has mainly focused on the dark side (Tarafdar et 

al. 2015a) of IS usage, specifically, on the causes, characteristics, and consequences of stress 

resulting from interaction with IS in an organizational context (Riedl et al. 2012). Although 

much is known on stress that is induced due to the interaction with IS (e.g., Ayyagari et al. 

2011; Ragu-Nathan et al. 2008; Tarafdar et al. 2007; Tu et al. 2005), the opposite effect, spe-

cifically, the potential value of IS to reduce stress in certain situations, is not well understood. 

Previous research indicates that IS could have a positive effect on stress perception regarding 

healthcare (Garg et al. 2005) or education (Lohaus et al. 2010). In the context of sustainable 

mobility, research has emphasized that the provision of timely and relevant information can 

be useful to reduce stress that originates from the uncertainty whether a final destination can 

be reached with the given range in a BEV (e.g., Eisel and Schmidt 2014; Ferreira et al. 2011; 

Rauh et al. 2015b). However, a thorough understanding of the ability of IS to reduce stress in 

specific situations with a particular focus on the underlying appraisal processes (Lazarus and 

Folkman 1984) is still missing in IS research. With its focus on BEVs as a sustainable means 

of transportation, this thesis contributes in the first step to closing this research gap by empha-

sizing the importance of IS to reduce stress, thus leading to the following research question 

(RQ):  

RQ1: How do information systems reduce the level of perceived stress in the con-

text of sustainable mobility? 

While IS undoubtedly provide plenty of advantages in different contexts (e.g., Kolb 2008; 

Maier et al. 2011; Lohaus 2010; Roberts 2000; Velcu-Laitinen and Yigitbasioglu 2012), they 

demand high individual cognitive skills that might lead to the perception of stress (Ayyagari 

et al. 2011). As mentioned above, research in the field of IS and stress traditionally focused on 

the institutional context as a type of “stress experienced by end users in organization as a re-

sult of their use of ICTs” (Ragu-Nathan et al. 2008, pp. 417-418). However, in recent decades, 

the practical usefulness of IS has changed. Instead of being valuable exclusively for organiza-

tional users, the importance and field of application of IS for private consumers has increased, 

as emphasized by McKenna et al. (2013): “Today, the development and use of information 

systems is changing dramatically. Instead of being developed for (and used by) organizational 

“users”, information systems are more and more being developed for consumers. The over-

riding concern when developing consumer information systems […] changes from that of 

efficiency and effectiveness to that of facilitating consumers’ service encounter and how they 

experience it” (p. 248). This shift, moreover, describes a new interdisciplinary field in IS re-
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search that is called Digital Life, reflecting the increased digitalization throughout everyday 

life (Hess et al. 2014). Hence, it is not a big surprise that the phenomenon of technostress has 

gained increasing importance in usage cases apart from the organizational context (Maier et 

al. 2015). In the context of sustainable mobility, previous research emphasizes the importance 

of IS in mitigating concerns resulting from the limited range in BEVs (Eisel and Schmidt 

2014; Rauh et al. 2015b), but neglects that unreliable, too much, or too complex IS might lead 

to distraction and stress in drivers (Lundstroem 2014; Matthews and Desmond 1995; Pereira 

et al. 2008; Ragu-Nathan et al. 2008), which in turn, increases the risk of becoming involved 

in fatal car accidents (Harms and Patten 2003; Horberry et al. 2006). This thesis aims to em-

phasize this dark side, shifting the traditional organization-focused research stream of 

technostress to a new field of application. This leads to the second research question:  

RQ2: How do information systems induce stress in the context of sustainable mo-

bility? 

Building upon both research gaps emphasized by RQ1 and RQ2, this thesis strives to break 

off the single point of view on the stress-IS relationship, emphasizing the importance of its 

ambivalent role (Califf et al. 2015; Lauwers and Giangreco 2016). To do so, this thesis con-

nects the research stream of technostress with the paradigm of the potential value of IS in re-

ducing stress, thus capturing both perspectives at the same time. As explained above, IS can, 

in the context of sustainable mobility, contribute to the reduction of range stress by providing 

relevant and accurate information but might, at the same time, lead to stress perceptions due 

to, for example, IS complexity or information overload. Considering both directional effects 

at the same time enables a more precise prediction of the outcomes associated with the usage 

of IS. Technology-induced stress can lead to adverse psychological and behavioral outcomes, 

for example, technology-related exhaustion or reduced performance (Maier et al. 2014; 

Tarafdar et al. 2011a; 2015b), while, at the same time, appropriate implemented IS bears the 

potential to reduce stress, thus lowering such adverse outcomes. To address both directional 

effects of the IS-stress relationship, this thesis aims at answering the following research ques-

tion: 

RQ3: To what extent does a dual effect of information systems exist on stress in the 

context of sustainable mobility? 

IS research relies mainly on social psychological theories, for example, the theory of reasoned 

action (TRA; Ajzen and Fishbein 1980), its extension, the theory of planned behavior (TPB; 
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Ajzen 1991), or adaption of these theories, such as the technology acceptance model (TAM; 

Davis 1989) to explain individual’s acceptance related to technologies (Venkatesh et al. 2003; 

Williams et al. 2009). In most of these theories, the attitude construct, which is defined as “a 

disposition to respond favorably or unfavorably to an object, person, institution, or event” 

(Ajzen 2005, p. 3) plays a major role in predicting behavioral intentions and thus actual be-

havior. While research traditionally focused on cogitation rather than affect when investigat-

ing the acceptance of technological innovations (Furneaux and Nevo 2008; Zhang and Li 

2005), the integration of affective responses becomes increasingly important, especially in the 

consumer context, as stated by Kulviwat et al. (2007): “The emphasis on cognition might be 

appropriate for an organizational context where adoption is mandated and users have little 

choice regarding the decision. But it is an insufficient explanation for consumer contexts in 

which potential users are free to adopt or reject new technology based on how they feel as 

well as how they think“ (p. 1061). The importance of IS-related affective responses in terms 

of emotions have been shown to be an important predictor of attitudinal dispositions (Brown 

et al. 2004; Djamasbi et al. 2009; Kulviwat et al. 2007). In the context of IS-related stress, it 

has been revealed that stress creating factors lead to adverse behavioral outcomes such as 

discontinuous usage intention and discontinuous usage behavior (Maier et al. 2015). 

However, the decision to initially accept a technology through, for example, a positive 

attitude towards using the technology, and the decision to continue using a technology is 

based on different theoretical foundations (Bhattacherjee and Lin 2014; Karahanna et al. 

1999). Hence, the direct effect of IS-related stress on the initial acceptance decision has not 

been investigated in detail. Building upon both directional effects of the stress IS relationship 

in the context of sustainable mobility, as addressed in RQ1, RQ2, and RQ3, this thesis, there-

fore, elaborates on the following research question:  

RQ4: How do the reduction and inducement of perceived stress influence the ac-

ceptance towards sustainable transportation modes? 

While this thesis sets its focus on BEVs to explain the effects of the ongoing digitalization in 

a variety number of areas of life (Hess et al. 2014) on stress and behavioral tendencies, it 

goes, in the last step, beyond this usage case, aiming to apply the research knowledge to a 

broader context of sustainability, in particular, sustainable business models. Sustainable busi-

ness models refer to business models that “creates competitive advantage through superior 

customer value and contributes to a sustainable development of the company and society” 

(Luedeke-Freund 2010, p. 23). In general, the diffusion of digital technologies (Yoo et al. 
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